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A  mineral  from  Branswick  in  tlie  State  of  Maine,  consisting  of  white 
pearlj  scales,  having  the  feel  of  a  soft  earthy  talc,  and  containing,  according  to 
Thomson  (OutUnea  of  Mineralogy,  i.  244),  64*44  per  cent^  silica,  28*84  alumina,  4*43 
fenic  oxide,  and  1-0  water  ( =»  987 1).  Talcite,  from  Wicklow  in  Ireland,  is  similar  in 
physical  character,  but  of  different  chemical  composition,  containing  only  about  45  per 
cent,  of  silica.  A  mineral  also  called  nacrite  from  the  mica-slate  of  the  Alps,  in  which 
Vauquelin  fonnd  60  per  cent  silica,  26  alumina,  6  ferric  oxide,  1*5  lime  and  17*6 
potash,  appears  to  have  been  a  mica. 

MAOTAUTB.  Foliated  TeUurium,  Black  Tellurium,  Tellurium-glance,  Blatter- 
tdlur,  Blatterere. — ^Native  telluride  of  lead  and  gold,  occurring  sometimes  in  dimetric 
aystals,  oP  .  2  Poo  .  P,  in  which  the  length  of  Uie  principal  axis  is  1*298  ;  cleavage 
bfltsal;  more  frequently  however  in  lameUar  masses;  sometimes  granular.  Hardness 
—  1 — 1*6.  Specific  gravity,  6*85 — 7*2.  Opaque,  with  metallic  lustre  and  blackish 
lead-grey  colour ;  Rtre»k  the  same.  Thin  laminse  very  flexible.  When  heated  in  a 
tube,  it  gives  off  sulphurous  anhydride,  and  yields  a  white  sublimate  consisting  chiefly 
of  tellurous  anhydride.  Melts  easily  before  the  blowpipe,  burning  with  a  blue  flame, 
and  forming  on  the  charcoal  a  yellow  deposit  which  disappears  in  the  inner  flame,  and 
finally  leaving  a  button  of  midleable  gold. 

Nagyagite  contains,  according  to  the  most  recent  analysis  bySchonlein  (Ann.  Ch. 
Fharm.  Ixxxvi.  201),  9*70  per  cent,  sulphur,  30*09  tellurium,  60*96  lead,  910  gold, 
0*63  silver,  and  0*99  copper,  agreeing  with  the  formula  (Ppb ;  Au*).(Te ;  S).  Specimens 
analysed  by  Berthier  and  Folbert  (Rammelsberg'a  Mineridckemie,  p.  67)  were 
found  to  contain  antimony  (3*77 — 4*66  per  cent.). 

Nagyagite  occurs  in  veins  at  Nagyag  and  Offenbanya  in  Transylvania,  associated  at 
the  former  place  with  sylvanite,  silicate  of  manganese,  blende  and  gf>ld,  and  at  the 
latter  with  antimony  ores.  It  is  also  said  to  occur  abundantly  at  Whitehall,  near 
Fredericksbuigh  in  Viiginia.    (Kenngot^s  Ueberaicht,  1860-61,  p.  143.) 

VAVCBXC  ACZX>.  Braconnot's  name  for  the  acid  which  he  found  in  the 
wash-liquor  of  the  preparation  of  wheat-starch,  &;c.,  afterwards  shown  to  be  lactic  acid 
(iu.  463). 

VAPBTSA*  A  term  applied  by  the  oldejr  chemical  writers  to  a  variety  of 
volatile,  mobile,  strong  smelling,  inflammable  liquids,  chiefly  belonging  to  the  cluss  of 
ethers ;  thus  the  sulphate,  nitrate  and  acetate  of  ethyl  were  called  Naphtha  vitriolic  N. 
nttri,  N.  aceti,  &c.  Subsequently  it  was  restricted  to  the  liquid  hydrocarbons,  which 
issue  from  the  earth  in  certain  localities,  and  appear  to  be  produced  by  the  action 
of  a  moderate  heat  on  coals  or  bitumens.  More  recently  it  has  been  again  extended 
so  as  to  include  most  of  the  inflammable  liquids  produced  by  the  dry  distillation  of 
organic  substances.    The  liquids  thus  designated  are : — 

1.  Boftiead  or  Batbffate  Vaplitliay  also  called  Photogen  and  Paraffin  oil. — This 
liquid  was  originally  obtained  by  distilling  the  Torbane  hill  mineral  or  Boghead 
fXMfcl  at  as  low  a  temperature  as  possible ;  but  it  is  now  known  that  any  cannel  coal 
or  even  bituminous  shale,  if  subjected  to  similar  treatment,  will  yield  the  san\p 
products. 
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The  cxtide  diBtillate  is  a  mixtare  of  several  liquid  hydrocarbons,  together  with  add 
and  basic  componnds.  When  purified  by  redistillation  and  subsequent  treatment 
with  sulphuric  acid  and  caustic  soda,  it  yields  an  oil  consisting  of  a  mixture  of  various 
fluid  hydrocarbons  holding  paraffin  in  solution.  By  distillation  with  water,  it  is 
separated  into  a  volatile  liquid  (a)  lighter  than  water  and  containing  little  or  no  par- 
affin, and  a  le^  volatile  liquid  which  contains  paraffin,  and  after  further  purification  by 
successive  treatment  with  oil  of  vitriol  and  chalk,  is  well  adapted  for  lubricating 
machinery.  When  heated  to  between  —1°  and  +  4*6°  C.  (30**  and  40°  F.),  it  deposits 
a  portion  of  the  paraffin,  the  remaining  liquid  being  a  saturated  solution  of  paraffin 
in  the  fluid  hydrocarbons. 

The  volatile  oil  (a)  is  a  mixture  of  a  great  number  of  hydrocarbons,  belonging  to 
three  different  series,  viz.,  the  olefines,  Cf"H'*" ;  the  benzene  series,  OH^~* ;  and^the  marsh- 
gas  series  or  alcoholic  hydrides,  C"H^'*''.  To  separate  these  bodies  it  is  necessary  first 
to  subject  the  liquid  to  a  long  series  of  fractionsd  distillations,  whereby  it  is  resolved 
into  portions  boiling  at  intervals  of  10°,  and  then  to  treat  each  fraction,  first  with  bro- 
mine to  remove  the  olefines,  and  then  with  strong  nitric  acid  which  removes  benzene 
and  its  homologues.  The  hydrocarbons  remaining  after  these  successive  treatments  con- 
sist of  the  alcoholic  hydrides,  C^H*""*"*.  The  following  have  been  separated : — h y  d  r  i  d  e 
of  hexyl,  C«H'*,  boiUngat68°;. hydride  of  octyl,  C"H",  boiling  at  119°;  hydride 
of  decatyl,  C"H",  boiling  at  169°;  and  hydride  of  dodecatyl,  boiling  at  202°. 

Bone  VaplitlMt  Bone  oU,  DippeVa  animal  oil^  already  described  (i.  625\  consists 
chiefiy  of  a  mixture  of  hydrocarbons  which  have  not  yet  been  investigated  with  certain 
volatile  bases,  viz.  ammonia^  pyrrhol  (C^H^N),  and  bases  of  the  series  C"H^'*''N  and 
OH^-*N,  homologous  with  ethylamine  and  pyridine  respectively,  together  with  smaller 
quantities  of  acids. 

3.  CSaoutoliontf  Vapbtha  or  Caoutchovcin  (i.  736^  is  for  the  most  part  a 
mixture  of  polymeric  hydrocarbons,  chiefly  caontchin  and  isoprene. 

4.  Coal  Vaphtlia  is  obtained  by  the  distillation  of  coid-tar  (see  i.  1038).  The 
**  light  oil"  after  separation  from  the  heavier  "creosote  oil,"  or  "dead  oil,"  is  rectified, 
whereby  a  further  portion  of  heavy  oil  is  separated  and  crude  c  o  a  1-n  a  ph  t  h  a  is  obt ained. 
This  is  agitated  with  sulphuric  acid  to  free  it  from  organic  bases,  and  the  supernatant 
liquid,  after  ftirther  rectification,  yields  the  "  highly  rectified  naphtha  "  or  "benzole  "  of 
commerce,  which  is  chiefly  a  mixture  of  flve  oily  hydrocarbons  of  the  benzene  series, 
▼iz.  benzene,  C«H*,  boiling  at  80-4O;  toluene  C'H»,  at  114°;  xylene,  C'H'».  at 
126°;  cumene,  C»H",  at  144° ;  and  cymene,  C>»H'*,  at  177-6.°  The  liquid  hydro- 
carbons of  coal-naphtha  boiling  at  higher  temperatures  have  not  been  much  studied. 
Ordiuaiy  coal-naphtha  likewise  contains  traces  of  olefines. 

The  (MnG  constituents  of  crude  coal-naphtha,  which  are  removed  by  agitating  the 
liquid  with  sulphuric  acid,  may  be  obtained  in  the  free  state  by  distilling  the  acid 
liquid  with  excess  of  alkali,  and  separated  firom  one  another,  partly  by  fractional  dis- 


line,  C«H*N;  lutidine,  C'fl'N;  and  coll idine,  C«H"N;  whQe  the  other  series  of 
ba8es,OH^'"N,  is  isomeric  with  chinoline,  C*H'N,  and  its  homologues,  viz.  leu  co- 
line,  0»H»N;  iridoline,  C'«H»N;  andcryp  tidine,  C"H"N(8eeLBU0OLinB,iii.  583). 

The  alcohol-bases,  C"H^^'N  (methylamine  and  its  homologues),  which  occur  in 
bone-oil,  appear  to  be  altogether  absent  from  coal-naphtha. 

Coal-tar  also  contains  huge  quantities  of  naphthalene,  CH"  (p.  4). 

The  "  dead  oil"  or  less  volatile  portion  of  coal-tar  contains  a  considerable  quantity 
of  phenol,  phenylic  alcohol,  phenic  acid,  carbolic  acid,  or  coal-tar  creosote,  C*H*0, 
together  with  several  hydrocarbons  of  high  boiling  point,  and  existing  at  ordinary  tem- 
peratures as  crystalline  solids ;  these  have  been  but  imperfectly  examined.  The  last 
portions  of  liquid  which  pass  over  in  the  distillation  of  coal-tar  contain  two  of  these 
solid  hydrocarbons,  viz.  chr^sene,  C*H*,  andpyrene,  C'"H",  the  former  being 
insoluble,  the  latter  soluble  in  ether  (see  Chbtsbkb,  i.  968).  The  last  semifluid 
portions  of  the  tar  also  contain  anthracene  or  paranaphthalene,  C'*H'^  which 
separates  out  in  the  solid  state,  when  the  semifluid  oil  is  exposed  to  a  low  temperature 
(see  Paranaphthalrnb). 

5.  MCtneral  or  Vatiwe  Vapbtlia.  Petroleum,  Bock-oil,  SteinoL— This  is  an 
inflammable  liquid  of  a  more  or  less  tarry  consistence,  which  issues  from  the  earth  in 
various  localities,  occurring  in  laige  quantities  in  Persia,  at  Rangoon  in  the  kingdom 
of  Bunnah,  in  Canada,  and  other  parts  of  North  America,  and  is  generally  associated 
with  solid  bitumen  or  asphalt,  as  in  the  great  pitch-lake  of  Trinidad  (i.  426).  These 
naphthas  consist  almost  wholly  of  mixtures  of  hydrocarbons ;  the  older  analyses  made  of 
them  are  of  little  value,  because  the  proximate  constituents  were  not  separated  with 
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raffleient  eue ;  rseentlj,  however,  the  American  petroleum  has  been  made  the  subject 
of  an  elaborate  inTestigation  bj  Pel  cue  e  and  C  ah  ours  (Ann.  Ch.  Fharm.  cxxiv. 
289 ;  exzrii  196 ;  exziz.  87),  who  have  shown  that  it  is  made  up  almost  entirely  of 
the  series  of  alcoholic  hydrides,  OH'*'*^^  from  hydride  of  tetryli  C*H'^  upwards,  the 
greater  portion  howerer  consisting  of  hydride  of  hexyl,  C'H'^  (see  Htdkides,  iii.  181). 
Hence,  and  from  the  composition  of  Boghead  and  cannel  cool-naphtha,  it  would  appear 
that  these  hydrides,  homologous  with  marsh-gas,  constitute  the  chief  products  of  the  de- 
composition of  coal  and  bituminous  substances  at  comparatively  low  temperatures  (see 
Fbtbolbitm). 

Burmese  naphtha  or  Stmgoon  tar  is  obtained  bv  sinking  wells  about  60  feet  deep  in 
the  soil,  the  bquid  gradually  oozing  out  and  being  removed  as  soon  as  a  sufficient 
quantity  has  accumulated.  There  are  about  five  hun£ed  of  these  naphtha  wells,  yielding 
annually  about  412,000  hogsheads.  This  naphtha  contains  about  11  per  cent  of  solid 
paraffin.  Be  la  Rue  and  Miiller  (Proc.  Hoy.  Soc.  viii.  221),  by  distilling  the  crude 
naphtha  in  an  atmosphere  of  steam,  superheated  for  the  higher  temperatures,  have 
resolTed  it  into  the  following  portions : 

Below  100°  C Free  from  paraffin        ...     11 

lioo  to  1450 A  little  paraffin  ....     10 

1460  to  melting  point  of  lead.        ,  jContaming  paraffin  but  stiU  fluid  j     ^^ 

Ataboutthemeltingpointoflead.JStSt^^^^  31 

Beyond  melting  point  of  lead  •        .    Quantity  of  pan^Sn  diminishes    .  21 

Last  distilled Pitchy  matters     ....  8 

Beaidue  in  still       .        .        .        .  jCol^^^ntaining  a  little  earthy  j  ^ 

100 

The  proportion  of  hvdrocarbous  removable  from  the  various  distillates  by  strong  suU 
phurie  acia,  nitric  acio,  or  a  mixture  of  both  adds,  is  in  most  cases  small,  increasing 
generally  however  with  the  boiling  point  of  the  liquid,  and  varying  from  one-tenth  to 
nearly  a  third  of  the  compound  hydrocarbon ;  hence  it  is  probable  that  this  naphtha 
likewise  consists,  for  the  mo6t  part,  of  homologues  of  marsh-gas.  The  hjdrocarbons 
removed  by  nitric  acid  consist  of  benzene,  toluene,  xylene,  and  cumene. 

6.  Bliale  MmgUktbmm  Shale  oil, — The  naphthas  obtained  by  the  dry  distillation  of  the 
various  bituminous  shales  or  schists  present  great  diversity  of  composition,  and  but 
few  of  them  have  hitherto  been  submitted  to  careful  examination.  The  bituminous 
shale  of  Dorsetshire,  the  naphtha  from  which  has  been  examined  by  C.  Gr.  Williams 
(Chem.  Soc.  Qu.  J.  vii.  97),  contains  much  nitrogen  and  sulphur,  arising  to  a  great  ex- 
tent from  the  presence  of  a  large  quantity  of  semi-fossilised  animal  remains.  Hence 
the  crude  naphtha  is  intolerably  fetid.  It  may  be  sweetened  and  fr«ed  from  its  basic 
and  acid  constituents  by  repeated  treatment  with  sulphuric  acid  and  caustic  soda,  and 
then  contains  nearly  the  same  constituents  as  Boghead  naphtha,  viz.  benzene  and  its 
homologues,  various  olefines,  and  small  quantities  of  the  homologues  of  marsh-gas. 
The  basic  oonstitnents  removed  by  sulphuric  add  consist  of  pyridine,  and  its  homo- 
loguM  ;  the  acid  portion  is  chiefly  phenic  or  carbolic  acia. 

The  French  shale  oils  have  been  examined  by  Laurent  and  St  £vre,  but  without  anv 
very  satisfactory  results.  Laurent's  analyses  bbve  been  quoted  byGerhardt(  TVaiti, 
iw.  423),  to  show  that  the  hydrocarbons  approach  in  composition  to  the  formula  nCH* 
(cale.  85*7  per  cent  carbon  ;  anaL  85*6 — 862  per  cent). 

Laurent,  bv  subjecting  the  portion  of  shale  oil  boiluig  between  80^  and  150^  to  the 
action  of  boiling  concentrated  nitric  acid,  obtained  an  add  which  he  called  ampelic 
acid  (i.  201),  having  tiie  composition  of  salicylic  add,  C'H*0*,  and  probably  formed  by 
the  oxidation  of  one  of  the  homolc^es  of  benzene. 

The  various  bitumens  and  asph^ts,  of  which  immense  deposits  exist  in  many  coun- 
tries, yield  by  distillation  oils  or  naphthas  of  similar  nature  to  shale  oil. 

The  shale  oil  prepared  at  Reutling  from  '*  Posidonienschiefer,"  yields  by  distillation 
a  smsJl  quantity  of  tar  not  exceeding  3*5  per  cent.  The  hydrocarbons  obtained  from  it 
are  said  to  have  a  composition  represented  by  the  formula  O^H^^^''^,  the  greater  portion, 
which  boils  between  160«  and  1760  being  C'H".  (Harbordt,  Ann.  Ch.  Pharm. 
cxxiv.  14.) 

For  fuxther  details  respecting  the  preparation,  properties,  and  composition  of  the 
several  naphthas  above  nlention»d,  see  the  series  of  excellent  articles  on  Naphthas  by 
C.  Gr.  Williams  in  the  new  edition  of  Ure^s  Dictionary  of  Arta^  Manufactures  and 
Mines,  iiL  220-233. 

B  2 


NAPHTHADIL— NAPHTHALENE. 


A  substance  derived  from  mineral  naphtha;  it  is  bkck,  with  a 
weak  greasy  Instre  ;  copper-brown  in  fracture  ;  does  not  change  in  the  light,  melts  at 
the  same  temperature  as  wax,  and  bums  with  a  clear  flame.     (Dana,  ii.  470.) 

L    Sjn.  with  Phthalaittdb. 

bASB.  C^BW?.  (Laurent,  Ann.  Ch.  Phys.  [2]  lix.  326.)— To 
prepare  this  compound,  nitro-naphthalf^ne  is  heated  with  great  care  with  8  or  10 
times  ita  weight  of  hydrate  of  barium,  the  retort  being  filled  up  to  the  neck.  Ammonia, 
naphthalene,  and  an  oil  then  pass  over,  while  a  thicker  oil  condenses  in  the  neck  of  the 
retort,  and  solidifies  on  cooling.  In  order  to  obtain  the  naphthalase,  the  neck  of  the 
retort  is  to  be  cut  off  near  the  bulb,  and  washed  with  ether,  by  which  means  the  oily 
impurities  and  any  naphthalene  present  are  removed. 

Naphthalase  is  a  yellow  substance  which  sublimes  without  fusing  at  250^.  At  a 
still  higher  temperature  it  melts  and  boils,  giving  off  a  yellow  vapour  which  condenses 
in  smaU  spangles,  which  are  deposited  in  long  yellow  needles.  It  is  insoluble  in  alcohol, 
almost  insoluble  in  ether,  soluble  in  water.  Its  most  characteristic  property  is  its 
power  of  colouring  sulphuric  acid  a  beautiful  violet  tint  The  smallest  quantity  gives 
the  reaction,  and  the  colour  is  not  destroyed  in  hermetically  closed  tubes,  even  after 
the  lapse  of  two  years. 

Naphthalase  does  not  appear  to  be  destroved  b^  nitric  acid,  inasmuch  as  after  being 
heated  with  that  acid,  it  still  dissolves  in  sulphuric  add  with  a  blue  colour.  Chlorine 
does  not  remove  from  it  its  power  of  colouring  oil  of  vitrioL 

No  success  has  attended  the  various  efforts  which  have  been  made  to  isolate  the 
coloured  substance  which  naphthalase  forms  with  sulphuric  acid,  with  a  view  to  in- 
dustrial purposes.  C.  G.  W. 

VAVKTBA&BVB.  Syn.  Naphthaline  Naphthalin.  C>«U*.  (Garden,  Thom- 
son's Annals  of  Philosophy,  xv.  74;  Faraday,  Phil.  Trans.  1826;  Keichenbach, 
Schw.  J.  Ixi  175;  Ixviii.  233;  Dumas,  Ann.  Ch.  Phys.  1.  182;  Dumas  and  St  as, 
ibid.  Ixxxvi.  40.  Laurent^  ibid,  Ixix.  214;  lUvue  Sctentil  vi.  76.  Products  of  its 
oxidation:  R^vue  Scienti£  xiv.  660.  Chlorinated  and  brominated  derivatives:  Ann. 
Ch.  Phvs.  xlix.  218  ;  lii.  275 ;  R^vue  Scientif.  xi.  361 ;  xii.  193 ;  xiii.  66,  579  ;  xiv.  74, 
313.  Nitric  derivatives:  Ann.  Ch.  Phys.  lix.  376;  lUvue  Scientif.  xiii.  67.  Sulphu- 
ric acid  derivatives :  B^vue  Scientif.  xiii.  587.)  For  an  extended  list  of  memoirs  on 
naphthalene,  see  Gmelin*s  Handbook^  xiv.  1. 

Ilistory. — ^Naphthalene  appears  to  have  been  first  noticed  publicly  by  Garden,  who 
extracted  it  from  the  crude  distillate  firom  coaL  It  was  also  observed  by  Keichenbach 
during  his  zesearches  on  destructive  distillation.  It  was  first  analysed  by  Faraday, 
who  not  only  determined  its  composition  accurately,  but  also  arrived  at  its  true  atomic 
weight.  The  most  laborious  researches  upon  naphthalene  were  made  by  Laurent, 
who  was  more  or  less  engaged  in  studying  it  for  nearly  twenty  years.  Some  of  the 
earliest  and  most  decided  instances  of  substitution  of  chlorine,  &c.,  for  hydrogen  were 
discovered  in  the  coarse  of  his  studies  of  this  hydrocarbon. 

Formation. — Generally  produced  when  organic  bodies  are  distilled  per  se  at  very 
high  temperatures.  1.  By  distilling  coal.  When  coal-tar  is  distilled,  the  naphthalene 
which  it  contains  is  found  to  accompany  the  liquids  which  come  over  at  almost  all  the 
temperatures  observed.  It  is,  however,  more  abundant  in  the  portions  distilling  about 
216^.  Even  the  cymene  distilling  at  about  178°  is  often  so  contaminated  with 
naphthalene  as  to  be  isolated  only  with  the  greatest  difficulty  and  great  loss. 
Naphthalene  is  often  retained  in  a  fiuid  condition  in  a  remarkable  manner  by  the 
substances  which  accompany  it  in  the  crude  coal  oiL  It  not  unfrequently  happens 
that  a  liquid  which  has  remained  fiuid  for  months,  even  in  cold  weather,  may  by 
repeated  treatment  with  sulphuric  acid,  followed  by  refrigeration,  be  almost  entirely 
converted  into  solid  naphthalene.  It  is  also  found  in  the  tar  of  shales  and  analogous 
substances  accompanying  paraffin. — 2.  Alcohol  and  ether  vapour,  and  even  olefiant 
gas  and  acetic  acid  vapour,  yield  more  or  less  naphthalene  when  passed  through  red- 
hot  tubes. 

3.  Petroleum  and  most  essential  oils  passed  through  red-hot  tubes  also  afford  it 
(S an s sure,  Berthelot).— 4.  Camphor  vapour  passed  over  red-hot  quicklime,  yields 
naphthalene  (Fr^my).  From  the  above  considerations  it  is  not  remarkable  that 
naphthalene  should  be  found  in  soot  and  lamp-black.  Dumas  at  one  time  asserted 
that  naphthalene  exists  ready  formed  in  coal;  this,  however,  has  been  denied  by 
Beichenbach.  Since,  however,  it  is  certain  that  paraffin  exists  ready  formed  in 
Boghead  coal  and  certain  cannels,  it  is  to  be  desired  that  this  question  should  be 
determined  more  carefully. — 4.  Sulphide  of  carbon  vapour  mixed  with  sulphuretted 
hydrogen,  or  a  mixture  of  these  two  with  carbonic  anhydride,  when  passed  over 
SDongy  copper  or  iron  at  a  dull  red-heat,  yields  naphthalene  and  other  products 
(Bert helot).    Some  chemical  substances  containing  no  hydrogen,  such  as  the  proto- 
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ehloride  of  carboD,  CCP,  when  passed  together  with  hydrogen  through  a  red-hot  tube 
yield  n&phthalene.    (Berthelot.) 

Prtparation. — The  quantities  of  naphthalene  which  are  obtained  as  bye-prodncts  in 
the  preparation  of  coal-naphtha  are  so  large,  that  even  if  a  nse  for  it  were  discovered, 
it  would  scarcely  be  necessary  to  take  special  measures  for  its  extraction.  It  is  often 
found  in  quantities  (amoanting  in  some  cases  to  tons)  in  the  tanks  in  which  pitch-oil 
(heavy  coaJ-oil)  is  stored.  Coal-tar  from  which  the  lighter  oils  have  been  removed  by 
a  preUminary  distillation  is  distilled  in  large  iron  stills.  The  distillate  is  received  in 
puncheons^  and  the  process  is  carried  on  until  the  liquid  is  heavier  than  water.  The 
first  200  ^dlons  from  a  charge  of  7000,  contain  but  little  naphthalene ;  all  the  rest  of 
the  distillate  abounds  in  it.  To  extract  the  naphthalene,  small  quantities  of  sulphuric 
add  may  be  shaken  with  the  oil,  and  then  after  settling  for  a  short  time,  may  be  run 
dS.  The  supernatant  oil  on  coUng  to  0^  deposits  large  quantities  of  the  naphthalene. 
On  repeating  the  process  more  and  more  will  be  obtained,  imtil,  in  many  instances, 
almost  the  whole  will  become  solid.  Previous  to  cooling  it  is  sometimes  advisable  to 
distil  the  oil  after  the  treatment  with  acid  and  removal  of  the  tarnr  deposit.  During 
the  distillation  large  quantities  of  sulphurous  add  are  given  off.  Where  a  difficulty  is 
found  in  getting  the  naphthalene  to  deposit,  a  treatment  with  a  little  bleaching 
powder,  after  the  add,  and  then  distilling,  will  generally  effect  the  separation. 

Purification, — The  crude  greasy  naphthalene  obtained  as  above  may  be  drained  on 
doth  strainers  until  most  of  the  oil  is  removed.  The  remainder  may  then  be  got  rid 
of  by  pressure  in  strong  bags.  Exposure  to  the  air  for  a  long  time  greatly  improves 
the  product.  The  roughly  purified  substance  may  then  be  redistilled,  the  receiver 
being  changed  when  the  proouct  comes  over  colourless.  To  obtain  it  in  large  crystals 
it  may  be  melted  in  basins  on  the  sand-bath.  Covers  of  paper  should  be  pasted  over, 
and  care  should  be  taken  that  the  basins  are  not  more  than  half  fnlL  When  the 
contents  are  melted  and  beginning  to  sublime,  the  whole  may  be  allowed  to  cool. 
When  quite  cold  a  large  quantity  of  colourless  crystals  will  be  found  between  the  cake 
of  naphthalene  and  ^e  paper  cover.  They  may  be  removed  with  a  feather.  The 
residue  may  be  pressed  to  extract  oily  impurities,  and  the  process  can  be  repeated  until 
almoHt  the  whole  has  been  converted  into  crystals  (Otto).  The  methods  of  puiifi^ 
cation  given  can  be  employed  on  any  scale,  from  the  largest  to  the  smallest^  without 
fear  of  failure ;  it  will  be  unnecessary  therefore  to  describe  other  methods. 

Properties. — Naphthalene  when  pure  consists  of  brilb'ant  white  scaly  crystals,  very 
friable,  strongly  and  unpleasantly  odorous,  and  having  a  density  of  1*153  at  18^,  and 
of  0-9778  in  a  melted  state  of  79*2^.  As  obtained  by  sublimation,  the  crystals  are 
generally  rhombic  tables  of  122^  and  78°,  the  hexagonal  form  arising  from  truncation 
of  the  acute  angles.  According  to  Laurent,  naphthalene  may  be  obtained  in  mono- 
dinic  prisms,  by  spontaneous  evaporation  from  a  solution  in  ether.  According  to 
Chamberlain,  it  crystallises  frt>m  turpentine  in  prisms  having  pyramidal  terminations. 
It  mdts  at  79-2°  (H.  Kopp),  and  boils,  according  to  the  last  ol^rver,  at  218°,  the  baro- 
metrr  standing  at  760  mm.  It  sublimes  even  at  low  temperatures ;  di^ls  readily 
along  with  fluid  hydrocarbons,  and  even  alone  with  the  vapour  of  water.  On  water  it 
rotates  somewhat  like  camphor.  Its  vapour-aensity  is  4*528  according  to  D  u  m  a  s,  but 
as  determined  by  Natanson(inan  apparatus  enabling  the  volume  of  vapour  to  be 
measured  in  a  manner  anidogous  to  uay-Lussac's  method),  the  value  4*46  was 
obtained.  Theory  for  two  volumes,  requires  4*43.  It  is  insoluble  in  cold,  and  almost 
insoluble  in  boiling  water  ;  dissolves  readily  in  alcohol^  ether,  fatty  and  essential  oils 
and  most  oils  obtained  by  destructive  distillation,  whether  hydrocarbons  or  oxidised 
bodies.  It  also  dissolves  in  acetic  and  oxalic  acids.  Its  solution  in  turpentine  is  ac- 
companied by  a  fall  in  temperature. 

Becon^positions. — 1.  Naphthalene  bums  with  a  dense  smoky  flame.  (The  condensed 
■oot  of  naphthalene  forms  one  of  the  varieties  of  commerdal  lamp-black.)  When  it  is 
passed  over  red-hot  Ume  or  baryta,  carbonate  of  caldum  or  barium  is  formed  and  hydro- 
gen is  given  off — 2.  By  chlorine.  Chlorine  acts  with  energy  on  naphthalene,  heat 
being  evolved  and  hydrochloric  add  formed.  The  mass  at  first  melts,  but  on  continuing 
the  stream  of  gas  it  gradually  solidifies  again.  At  this  stage,  the  prindpal  products  of 
the  reaction  are  hydrochlorate  of  chloronaphthalene,  C**H^C1.HC1  (Gerhardt's  chlo- 
ride of  naphthalene),  and  dihydrochlorate  of  dichloronaphthalene,  C>*H«C1'.2HC1. 
The  continued  action  of  chlorine  causes  the  substitution  to  go  still  further.  The  substi- 
tution of  chlorine  for  the  hydrogen  of  naphthalene  may  be  continued  until  the  whole 
is  replaced,  and  the  compound  C"*C1»  is  reached.  The  hydrochloric  add  produced  by 
union  of  the  hydrogen  of  the  naphUialene  with  the  chlorine  is  not  given  off,  but  remains 
in  combination  with  the  chlorinated  derived  radide ;  it  may,  however,  be  removed  by 
treatment  with  alkalis  or  by  the  action  of  heat ;  the  chlorine  whidi  replaces  the  hydro- 
gen, on  the  other  hand,  is  unaffected  by  heat  or  alkalis. 
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Laurent' 8  results  assume  a  complicated  appearance,  owing  to  the  circumstance  that 
substitution-products  of  the  same  formula  may  be  obtained  in  several  different  ways, 
and  any  difference  in  the  mode  of  preparation  causes  the  resulting  bodies,  in  the 
majority  of  instances,  to  vary  in  melting  point,  crystalline  form,  hardness  or  other 
characters ;  they  have  been  described  by  him  as  isomeric  modifications,  and  indivi- 
dualised by  characteristic  letters.  In  some  of  the  cafles  cited  by  Laurent^  there  is 
little  doubt  that  the  variations  in  properties  were  due  to  the  different  specimens  not 
being  in  an  equally  high  state  of  purity,  but  this  wiU  certainly  not  account  for  all  the 
observed  differences. 

3.  By  bromine.  Bromine  acts  upon  naphthalene,  forming  numerous  compounds  ac- 
cording to  the  manner  in  which  the  ingrodient«  are  allowed  to  react  on  each  other. 
The  reaction  between  the  two  substances  is  energetic,  hydrobromic  add  being  liberated 
and  substitution  compoimds  formed.  By  acting  with  bromine  upon  chlorinated  naphtha- 
lene, substances  may  be  obtained  having  the  same  composition  as  those  procurable  by 
treating  brominated  naphthalene  with  chlorine.  According  to  Laurent,  some  of  these, 
although  having  the  same  crystalline  form,  differ  according  to  the  order  of  the  formation. 

4.  Iodine^  pMsphana,  aiUphuTf  chloride  of  carbon,  cyanogen,  and  hydrochloric  acid, 
are  without  action  on  naphthalene.  An  attempt  to  form  the  iodide  of  a  more  hydro- 
genated  hydrocarbon,  by  acting  with  Aiming  hydriodic  acid  on  naphthalene,  gave  no 
result,  although  the  add  had  a  density  of  1'9  and  was  heated  with  the  naphthalene  in 
a  sealed  tube  to  100^  G.  (Possibly  at  a  higher  temperature  the  experiment  might  be 
more  successful.) 

5.  Nitric  acid  acta  upon  naphthalene.  If  moderately  strong  nitric  add  be  added  to 
naphthalene  and  allowed  to  act  at  ordinaiy  temperatures,  nitro-naphthalene  is 
slowly  formed.  The  nitro-naphthalene  so  produced  may  be  converted  into  di-nitro- 
naphthaleneby  boiling  for  a  lon^  time  with  strong  nitric  add.  The  reaction  does 
not  take  place  very  readily,  but  a  mixture  of  nitric  acid,  Nordhausen  sulphuric  add  and 
nitro-naphthalene  yields  di-nitro-naphthalene  readily,  if  heated  to  boiling  in  an  apparatus 
allowing  the  vapours  to  become  condensed  and  flow  back. 

6.  An  oxidising  mixture  consisting  of  acid  chromate  of  potassium  with  sulphuric  or 
hffdrocfUoric  acids  appears  to  form  two  compounds  according  to  the  state  of  concentra- 
tion, the  temperature,  or  other  circumstances.  One  of  tbese  substances  is  said  to 
have  the  formula  C*H^O^,  and  to  be  of  a  beautiful  rose  colour.  It  appears  to  have 
feeble  add  properties.  The  other  is  said  to  contain  C'®H*0\  and  to  have  more  dedded 
acid  characters.     The  subject  requires  re-examination. 

7.  At /roM5fl«<?  and  ajtwi-rf'yw  both  appear  to  yield  nitro-naphthalene  and  an  oily  body. 

8.  Sulphuric  acid  forms  several  conjugated  adds  with  naphthalene ;  they  will  be 
found  described  under  their  respective  headings. 

According  toFritzsche,  naphthalene  may  be  made  to  unite  with  picric  acid  atom 
to  atom,  by  dissolving  the  two  substances  in  hot  alcohol  or  benzene,  and  cooling. 

The  limits  of  this  work  will  not  admit  of  an  extended  account  of  the  vast  number 
of  substances  obtained  by  Laurent  and  otliers  by  acting  upon  naphthalene  with  chlorine, 
bromine,  nitric  add  and  sulphuric  add.  We  shall,  however,  endeavour  to  give,  as  con- 
cisely as  possible,  a  brief  statement  of  the  nature  and  methods  of  production  of  the 
more  important  derivatives.  For  a  full  account^  the  reader  is  refened  to  Gerhardt*s 
Traitiy  iii.  p.  413,  et  seq.,  and  the  Cavendish  Society's  translation  of  Gmelin's  Handbook, 
xiy.  1,  et  seq.  In  the  first-named  work  the  article  on  naphthalene  occupies  51,  and 
in  the  second  92  pages. 

Chhrine-  derivatives. 

The  ta.ble  on  p.  7  contains  a  list  of  the  prindpal  chlorides  and  bromides  of  naphtha- 
lene. They  are  decomposed  by  heat  and  also  by  alcoholic  potash,  hydrochloric  or  hy- 
drobromic add  being  removed,  and  chlorinated  or  brominated  naphthalene  produced. 
The  names  as  given  by  Gmelin  generally  accord  with  Laurent's  earlier  views. 

The  following  table  contains  a  list  of  the  prindpal  substitution-products  derived 
from  naphthalene  by  the  substitution  of  chlorine  or  bromine  or  both  for  the  hydrogen 
of  naphthalene.  They  are  for  the  most  part  produced  by  treating  the  substances 
given  in  the  table  of  chlorides  and  bromides  with  alcoholic  potash. 


ChlorO'  and  Bromo^naphthalenes, 


Chlozonaphthalene 
Bromonaphthalene 
Dichloronaphthalene 
Dibromonaphthal  ene 
Trichloronaphthalene 
Tribromonaph  thalene 


C"H^a 

CWH'Br 

C>oH»CP 

C"H«Br* 

C>«H»C1> 

C»»H»Br» 


Tetrachloronaphthalene        .  C"H*C1* 
Bromotrichloronaphthalene  .  C"H«BrCl» 
Dibromodichloronaphthalene  C"H*Br*Cl« 
Tetrabromonaphthalene        .  C»»H*Br* 
Dibromotrichloronaphthalene  C"H'Br-'Cl* 
Hexchloronaphtlialene  .  C"H«C1« 


Bromodichloronaphthalene    .  C»«H*BrCP  |  Perchloionaphthalene  .  C'^Cl" 
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We  shall  consider  briefly  the  mode  of  preparation  of  each  of  the  sabBtances  enumerated 
in  the  -aboye  lists. 

Bichloride  of  Naphthalene.  Gerhardt'sjCWoficfoo/JVap^^Aaiww,  C"H«a«.--- 
This,  the  first  product  of  the  action  of  chlorine  on  naphthalene,  may  be  prepared 
by  passing  chlorine  over  naphthalene  until  the  product  has  passed  through  an  oily 
stage  and  begins  to  become  granular.  The  operation  must  not  be  carried  so  far  as  to 
chlorinate  all  the  naphthalene.  The  mixture  is  to  be  heated  in  a  dish  for  a  long  time 
to  a  temperature  between  60°  and  60°  then  dissolved  in  ether  and  cooled  to  — 10°  and 
the  ethereal  solution  mixed  with  alcohol  and  oil  exposed  to  the  air  until  two-fifths  of 
the  oil  have  been  deposited :  this  oil  contains  the  oily  chloride  of  naphthalene.  The 
third  fifth  may  also  bo  collected ;  it  is  the  solid  chloride,  C"H"C1*,  in  a  state  of  puritv. 

Bichloride  of  naphthalene  is  oily,  soluble  in  all  preportions  in  ether,  but  less  solu- 
ble in  alcohol.  On  distillation  it  decomposes  slowly,  giving  off  hydrochloric  acid, 
and  yielding  chloronaphthalene,  C'^H'Cl.  With  alcohoUc  potash  it  yields  the  last- 
named  substance  and  chloride  of  potassium. 

Dichloride^of  Bromonaphthalene.  C"H'Br.CP.  Laurenfs  Subchloride  of 
Bronaphtaae.  When  chlorine  is  passed  into  crude  bromonaphthalene,  it  thickens  and 
deposits  a  crystalline  matter.  Etner  is  poured  on  the  product,  and  the  mixture  is  allowed 
to  remain  for  24  hours.  The  oily  portion  is  to  bo  decanted,  and  the  crystalline  powder 
washed  with  ether  and  then  dissolved  in  a  large  quantity  of  boiling  ether.  By  sponta- 
neous evaporation  the  chloride  of  bromonapthalene  is  deposited  in  small  rhomboidal 
tables  resembling  those  of  dichloride  of  napnthalene.  The  crystals  are  derived  from  an 
oblique  prism  with  a  rhombic  base  (G-erhardt,  loo.  cii.).    Melts  at  166°. 

Dibromide  of  Tribromonaphthalene,  C^H^Br'.Bi*.  Svhbromide  ofBronaph- 
Use.  Produced,  together  with  dibromide  of  dibromonapthalene  when  dibromonaphtha- 
lene  is  treated  with  bromine.  On  boiling  tiie  mixture  with  ether,  the  dibromide 
of  tribromonaphthalene  dissolves,  and  on  spontaneous  evaporation  is  deposited  as  a  floc- 
culent  powder  consisting  of  white  microscopic  needles.  It  decomposes  on  distillation, 
giving  off  hydrobromic  acid,  a  little  bromine,  and  a  crystalline  matter  veiy  slightly 
soluble  in  ether. 

Tetrachloride  of  Naphthalene.  Gerhardt's  Bichloride  of  naphthalene. 
C'^'H'.Cl^.  HydrocfUorate  of  chloronaphtalese.'^ThiB  substance  exists  in  two  isomeric 
modifications. 

Modification  a. — When  a  rapid  current  of  chlorine  is  passed  over  naphthalene 
in  rather  large  quantity  (sa^  one  or  two  pounds)  the  naphthalene  fuses,  hydrochloric 
acid  is  disengaged,  and,  if  the  current  be  sustained,  the  whole,  after  some  time, 
begins  to  thicken  again.  The  mixture  at  this  point  contains  oily  dichloride  of  naph- 
thalene, tetrachloride  of  naphthalene  a,  the  modification  /S,  and  tetrachloride  of  chloro- 
naphthalene, the  last  two  in  small  quantity.  Ether  is  to  be  poured  on  the  mixture  to 
render  it  more  fluid.  After  repose  for  some  hours  the  oily  portion  is  to  be  decanted  and 
the  residue  thrown  on  a  filter.  After  being  well  drained  the  residue  is  dissolved 
in  benzene  and  allowed  to  cool  very  slowly.  The  tetrachloride  soon  begins  to  cnrstallLse 
out,  and  if  the  solution  be  tolerably  large  in  quantity  (half  a  gayon  or  a  gallon)  fine 
rhombohedrons  will  be  deposited.  The  writer  has  sometimes  obtained  them  nearly  a 
quarter  of  an  inch  on  the  side.  They  are  colourless,  transparent  and  exactly  resemble 
cale-spar.     They  also  possess  powerfully- tlie  property  of  double  refraction. 

This  modification  of  tetrachloride  of  naphthalene  is  inodorous,  insoluble  in  water, 
slightly  soluble  in  alcohol,  moderately  so  in  ether,  but  very  soluble  in  benzene, 
rock-oil  and  analogous  liquids.  It  melts  at  160°  and  solidifies  to  a  crystalline  mass  on 
cooling.  If  a  crystal  be  added  to  the  partially  fused  chloride,  the  whole  will  solidify*  at 
about  150°  in  rhombic  tablets.  On  the  other  hand,  if  the  chloride  be  perfectly  fused 
and  allowed  to  cool  without  addition,  the  mass  sometimes  solidifies  at  160°  in  rhombic 
tables,  and  sometimes  between  100°  and  110^  in  concentric  needles. 

It  is  decomposed  by  distillation,  giving  off  hydrochloric  acid  and  an  oily  matter. 
Only  a  trace  of  carbon  (1  or  2  per  cent.),  remains  in  the  retort  The  distillate 
consists  of  a  mixture  of  four  isomeric  forms  of  dichloronaphthalene.  These  products 
are  sdways  accompanied  by  a  small  quantity  of  undecomposed  tetrachloride  of  naphtha- 
lene. Alcoholic  potash  converts  it  into  the  two  modifications  e  and  ad  of  dichloro- 
naphthalene. 

Modification  $. — This  variety  of  tetrachloride  of  naphthalene  is  distinguished  firom 
a  by  its  solubility  in  ether.  It  is  formed,  as  already  observed,  at  the  same  time 
as  the  modification  a  when  chlorine  is  passed  over  naphthalene.  It  is  contained 
in  the  oily  portion  rendered  more  fluid  by  ether  which  has  been  directed  to  be  poured 
off  from  the  solid  portion  which  consists  chiefly  of  a.     The  liquid  containing  ether  is 
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to  be  cooled  to  0^  and  Icept  at  that  temperatuie  for  48  honn  ,*  it  will  then  solidify  to  a 
mass  resembling  frozen  olive  oiL  The  solid  portion  may  be  collected  on  linen  and 
freed  from  the  mother-liquid  by  pressure.  The  solid  is  to  be  dissolyed  in  ether  con- 
taining about  one-tenth  of  alcohoL  The  solution  left  to  spontaneous  evaporation 
yields  a  crystalline  mass  containing  both  the  modifications.  The  mass  must  be  well 
pressed,  dissolved  in  boiling  alcohol,  and  veiy  slowly  cooled.  The  first  crystals  which 
form  will  be  almost  pure  a,  the  rest  of  the  crops  will  be  successively  richer  in  fi.  By 
repeated  ciystallisations  from  ether  the  latter  may  be  obtained  pure.  Its  purity  may 
be  known  by  its  dissolving  rapidly  and  without  residue  in  etner. — ^It  is  colourless, 
inodorous,  very  soluble  in  ether,  alcohol,  benzene,  and  similar  hydrocarbons.  It  oystal- 
ILses  in  small  lamellse  of  indeterminable  form  which  unite  into  globes  often  of  consi- 
derable diameter.  Submitted  to  distillation  it  ^ves  off  hydrochloric  acid,  an  oil,  and 
the  modification  c  of  dichloronaphthalene.  Boiled  with  alcoholic  potash  it  yields  an 
oil  and  the  modification /of  diimloronaphthalene. 

Bromotrichloride  of  NaphthalenefQ^*lS*.CVBr. — To  prepare  this  substance, 
tetrachloride  of  naphthalene  (modification  /3)  is  treated  with  bromine  in  a  closed  fiask  for 
48  hours;  the  mixture  washed  with  warm  alcohol  to  remove  the  excess  of  bromine  and 
nndecomposed  tetrachloride ;  and  the  crude  dichlorobromide  of  naphthalene  purified  by 
crystallisation  from  boiling  ether.  It  is  oolourless,  more  soluble  in  ether  than  the  modifi- 
cation a  of  tetrachloride  of  naphthalene,  but  less  soluble  than  the  variety  3.  It  is  de- 
composed both  by  distillation  and  by  alcoholic  potash. 

Tetrachloride  of  Chloronaphthalene.  Gerhardfs  Bichloride  of  ehloro^ 
naphthalene.  Laurent's  Chloride  of  cUoronavhthase,  0'*H'C1.C1*. — ^This  substance 
may  be  prepared  from  the  tetrachloride  of  napnthalene,  and  like  that  compound  exists 
in  two  different  modifications,  one  being  solid  and  the  other  an  oil. 

Solid  modification. — ^According  to  Gerhardt,  this  is  the  most  remarkable  of  all  the 
naphthalic  ^lorides  for  the  size  and  beauty  of  its  ciystals.  It  may  be  prepared  by 
acting  with  chlorine  upon  tetrachloride  of  naphthalene,  but  the  process  is  very  difficult. 
A  more  advantageous  plan  is  to  heat  the  crude  dichloride  with  chlorine  gas.  This  is 
the  fluid  portion  which  has  been  directed  to  be  rendered  more  liquid  by  ether  in  order 
to  separate  it  more  readily  from  the  solid  tetrachloride  of  naphthalene  in  the  process 
for  the  preparation  of  the  modification  a  of  that  substance  (p.  8).     The  ether  is  ex- 

ded  by  heat,  and  chlorine  passed  through  the  oil  for  two  or  three  days.  If  the  fiuid 
jmes  too  thick  to  allow  of  the  passage  of  the  gas,  it  must  be  gently  wanned.  A  little 
ether  is  then  added  to  render  the  whole  more  fiuid,  and  it  is  left  at  rest  in  a  cool  place. 
A  crystalline  deposit  is  then  formed  perfectly  resembling  the  modification  a  of  tetrachlo- 
ride of  naphthalene  (Gerhardt '  s  bichloridB  of  naphthalene,  C**H*.C1*).  The  oily  por- 
tion is  removed  by  decantation,  and  the  deposit  thrown  on  a  filter  and  washed  with  a 
little  eUier  to  remove  the  oily  portion  which  adheres  to  it.  The  solid  is  then  dissolved 
in  boiling  ether  and  put  aside  for  several  days  in  a  fiask  with  a  wide  mouth  merely 
closed  with  a  piece  of  paper.  The  crystals  which  form  are  sometimes  a  mixture  of 
modification  a  of  tetracmoride  of  naphthalene  and  the  tetrachloride  of  chloronaphtha- 
lene. The  crystals  of  the  latter  are  easy  to  recognise  by  their  size ;  they  must  be  picked 
out  with  forceps  and  redissolved  in  the  ethereal  mother-liquid.  They  may  be  rendered 
perfectly  pure  by  one  or  two  reaystaUisations  from  ether. 

Properties. — Colourless,  transparent^  inodorous,  insoluble  in  water,  little  soluble  in 
alcohol,  pretty  soluble  in  ether,  more  so  than  the  modification  a  of  tetrachloride  of 
naphthalene.  Melts  at  106®,  and  the  liquid  may  be  cooled  to  54^  without  solidifying ; 
it  then  slowly  assumes  the  form  of  nodules  formed  of  concentric  zones;  the  last  portions 
remain  viscid  until  they  fall  to  the  ordinary  temperature.  But  if  after  heating  to  105® 
or  1 10^  a  small  Augment  of  a  crystal  be  added,  the  liquid  cxystaUises  rapidly  at  105®, 
forming  fine  oblioue  tables  with  a  rhombic  bf^e. 

It  is  entirely  decomposed  by  distillation,  hydrochloric  acid  being  disengaged,  and 
the  two  modifications  a  and  a  of  terchloronaphthalene  formed. — ^Boiling  nitric  add 
converts  it  into  chloroxynaphthalic,  phthalic,  and  oxalic  acids,  with  other  products. 

Liquid  modification. — Tnis  compound  is  the  oilv  substance  which  has  been  directed 
to  be  removed  by  decantation  from  the  solid  modification  above  described.  Distillation 
converts  it  almost  entirely  into  the  a  modification  of  trichlororonaphthalene  mixed 
with  a  snudl  quantity  of  an  oily  matter.— Alcoholic  potash  produces  the  same  results. 

Tetrachloride  of  Dichloronaphthalene,  C"H«C1«.C1*.  Laurent's  Perchhro- 
naphthalese. — This  substance  exists  in  three  modifications,  <?,  a,  and  x  ;  they  are  pro- 
du  •  d  from  the  corresponding  modifications  of  dichloronaphthalene. 

Modification  c.  To  prepare  this  substance,  the  modification  e  of  dichloronaphthalene 
is  kept  in  fusion  and  treated  with  chlorine ;  no  hydrochloric  acid  is  evolved.  The  pro- 
duct is  to  be  washed  with  ether,  dissolved  in  boiling  ether,  and  crystallised.  It  is 
colourless,  inodorous,  not  very  soluble  in  ether,  and  less  so  in  alcohol ;  meltss  at  141®. 
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The  eiystals  obtained  by  spontaneoiis  eTaporation  of  an  ethereal  solation  form  brilliant 
oblique  rhombic  prisms.  It  is  decomposed  by  distillation,  yielding  hydrochloric  acjd 
and  the  b  modification  of  tetrachloronaphthalene  mixed  with  a  small  portion  of  the  a 
modification  of  the  same  substance.    Alcoholic  potash  gives  rise  to  the  k  modification. 

Modification  a.  An  oily  liquid  obtained  by  treating  dichloronaphthalene  a  with 
chlorine.  Distillation  and  the  action  of  a  boiling  solution  of  aloohohc  potash  equally 
give  rise  to  tetrachloronaphthalene  a. 

Modification  x.  An  oily  liquid  produced  by  treating  dichloronaphthalene  »  with 
chlorine.  Distillation  converts  it  into  tetrachloronaphthalene  e.  Alcoholic  potash  gives 
a  similar  product. 

Tetrachloride  of  Dibromonaphthalene,  C'*H«Br".Cl*.  Laurent's  Chloride  of 
Bronaphthese.  When  chlorine  is  passed  into  fused  dibromonaphthalene,  a  very  thick  oil 
is  formed,  which  on  dilution  with  ether  deposits  the  substance  sought  in  the  form  of  a 
crystalline  powder.  It  is  colourless,  only  slightly  soluble  in  alcohol  or  ether.  Melts 
at  about  156^,  and  on  solidi^ns  crystallises  in  prisms.  On  distillation  it  gives  off 
bromine,  a  hydracid,  bromotrichloronai^thalene  /3,  and  tetrachloronaphthalene  a. — 
Alcoholic  potash  transforms  it  into  a  substance  crystallising  in  needles  and  soluble  in 
ether. 

Tetrahromide  of  Dichloronaphthalene,  C*«H«Cl«.Br^  Laurent's  Bromide  of 
Chloronaphthaee. — ^Prepared  by  the  action  of  bromine  on  an  excess  of  dichloronaphtha- 
lene 0,  Colourless,  very  slightly  soluble  in  ether.  Melts  a  little  above  100^,  turning 
red  and  evolving  bromine.  When  it  is  heated  until  no  more  bromine  be  evolved,  the 
modification  c  of  dichloronaphthalene  is  regenerated. 

Tetrahromide  of  Bromoehloronaphthalene^  C'*H*BrCLBr*.  Laurent's 
Bromide  of  Chlarobronaphthase,  Prepared  by  treating  chloronaphthalene  with  bromine. 
An  active  effervescence  ensues,  due  to  the  disengagement  of  hydrobiomic  acid.  If 
the  bromine  is  in  excess,  crystals  of  the  tetrahromide  are  formed  on  repose.  It  is 
purified  by  solution  in  a  large  excess  of  boiling  ether.  On  cooling  it  is  deposited 
in  very  small  lustrous  prisms.  Before  melting  it  becomes  red  and  gives  off  bromine 
and  hydrobromic  add.  An  oil  remains  behind  which,  like  trichloronaphthalene,  solidi- 
fies on  cooling  in  rectangular  figures  crossed  by  two  diagonals  bristling  with  needles 
parallel  to  each  other. 

Tetrahromide  of  Bihromonaphthalene,  C"H*Br*.Br*. — Gerhardt's  Bibromide 
of  Bibromonaphthal&ie.—'PTepeixed  by  pouring  bromine  over  naphthalene  or  dibromo- 
naphthalene.  It  is  usually  deposited  after  a  few  hours  as  a  white  ciystalline  powder 
which  may  be  purified  by  washing  with  ether.  It  is  but  slightly  soluble  in  boiling 
ether,  firom  which  however  it  is  deposited  on  cooling  in  microscopic  rhombic  tables. 
Bv  distillation  it  yields  hydrobromic  acid,  bromine,  and  tetrabromonaphthalene, 
which  condenses  in  the  neck  of  the  retort— It  is  decomposed  with  difficulty  by  boiling 
alcoholic  potash. 

Tetrachloride  of  JDibromochloronaphthalenet  C"H»Br*CLCl*. — ^Produced 
by  the  action  of  chlorine  on  tetrachloride  of  dibromonaphthaleue.  Melts  at  160^,  and 
on  cooling  crystallises  in  rhomboi'dal  tables.  If  heated  a  little  above  its  melting 
point,  it  remains  soft  and  transparent  on  cooling,  and  only  partially  solidifies,  forming 
an  opaque  mass  without  any  ciystalline  appearance ;  if  then  gently  heated,  it  crystal- 
lises in  rhombic  tablets.    It  is  only  sparingly  soluble  in  ether. 

It  decomposes  on  distillation,  yielding  bromine,  a  hydradd,  and  three  other  sub- 
stances, namely  Laurent's  bromochloronaphthalene  B,  a  chloride  or  chlorobromide 
fusible  at  100^,  and  a  small  quantity  of  a  substance  which  crystallises  in  small  opaque 
needles. — A  boiling  solution  of  alcoholic  potash  converts  it  into  the  a  modification 
of  dibromotrichloronaphthalene,  C'»H«Br*Cl". 

Tetrahromide  of  Tribromonaphthalenef  C"H"Br".Br*. — To  prepare  it, 
dibromonaphthaleue  is  to  be  heated  with  bromine,  and  the  action  finished  in  sunshine. 
It  mav  be  purified  by  dystallisation  from  ether.  It  is  but  slightly  soluble  in  ether. 
Its  otner  properties  do  not  appear  to  have  been  studied.  By  distillation  it  yields 
bromine  and  a  substance  not  yet  examined. 

Chloro'  and  BromonaphthaUnes. 

Chloronaphthalene,  C**H'CL  Laurenfe  Ckhronaphthalase. — ^Prepared  by  boiling 
dichloride  of  naphthalene  with  alcoholic  potash.  On  adding  water  to  the  product  of 
the  reaction,  an  oil  separates  which  may  be  purified  by  distillation.  It  may  also  be 
prepared,  but  not  advantageously,  by  distilling  dichloride  of  naphdialene. 

It  is  oily,  colourless,  soluble  in  idl  proportions  in  ether ;  disdls  without  change ;  is 
not  attacked  by  potash. 

Decomposed  by  bromine  with  effervescence,  yielding  hydzobzomic  add  and  tetrabro- 
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roide  of  bromoehloiODaphthaleDe,  C^'H'BrCl.Br*.  Chlorine  converts  it  into  a  peculiar 
oil  which  yields  the  a  modification  of  trichloronaphthalene  when  treated  with  potash. 
Chlorine  with  aid  of  heat  oonverts  chloronaphthalene  into  tri-  or  tetrachloronaphthalene, 

Bromonaphthalene,  C'H'Br. — Prepared  by  the  action  of  bromine  on  naphtha- 
lene, avoiding  excess,  which  would  cause  the  formation  of  dibromonaphthalene.  It  is  a 
colourless  oil  which  distils  without  alteration.    Unaltered  by  an  alcoholic  solution  of 

Sytash.  Chlorine  combines  with  it^  yielding  dichlorideof  bromonaphthalene,  C^H'Br.Cl'. 
romine  converts  it  into  dibromonaphthalene  and  other  brominated  products. 

Dichloronapkthalenef  C'*H*C1'. — This  substance  exists,  according  to  Laurent,  in 
seven  different  modifications,  namely  a,  c,  a<2,  e,  /,  x,  and  y.  [The  letters  adopted  as 
distinctive  marks  by  Laurent  have  reference  to  certain  properties  which  the  substances 
bearing  them  have  in  common ;  thus  the  bodies  marked  a  are  alwavs  soft ;  the  only  one 
mariced  b  happens  to  be  brittle  (cassant) ;  those  marked  c  are  always  in  needles  of 
113^  or  thereabouts ;  those  marked  e  are  in  needles  of  94^,  and  so  on.  The  reason 
for  the  adoption  of  these  special  letters  does  not  seem  to  have  been  made  public] 
The  modifications  a,  e,  f,  ana  x,  are  obtained  by  distilling  the  alpha  modification  of 
tetrachloride  of  naphthadene;  ad  and  e  by  treating  the  tetrachloride  with  potash ;  and 
another  y  by  submitting  dinitronaphthalene  to  the  action  of  chlorine. 

The  following  table  exhibits  the  principal  properties  of  these  substances. 

Dittinctive  Characters  of  the  Dichhronaphthalenes, 
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Dibromonaphthalene,  CH'Br'.— Prepared  by  the  action  of  bromine  on  naphtha^ 
lene  or  bromonaphthalene ;  it  may  be  purified  by  crystallisation  from  alcohoL  Loug 
needles,  inodorous,  very  soluble  in  alcohol  and  in  ether.  Helts  at  59^,  and  crystallises 
on  cooling  into  a  fibrous  mass.  It  is  volatile  without  decomposition,  and  is  not  attacked 
by  potash.  Bromine  acts  on  it,  giving  rise  to  several  compounds. — ^Fuming  sulphuric 
ada  forms  dibiomosulphonaphtludic  acid. 

Trichloronaphthalene,  C^'H'CP. — ^According  to  Laurent,  there  are  no  fewer 
than  se^en  isomeric  modifications  of  this  substance.  It  will  be  quite  unnecessary  to 
do  more  than  quote  the  table  on  page  12,  giving  their  principal  properties. 

Tribromonaphthalene,  CH'Br*. — Obtained  by  heating  an  excess  of  bromine 
with  dibromonajphthalene.  Fine  yellow  needles.  Helts  at  60^,  and  sometimes  does 
not  solidi^r  untu  cooled  to  the  temperature  of  the  air. 

Bromodiehloronaphthalene,  C'H'BrCl*. — Several  grammes  of  the  modifi- 
cation ad  of  dichloronaphthalene  are  to  be  mixed  in  a  flask  imperfectly  closed, 
with  a  slight  excess  of  bromine.  Hydrobromic  add  is  evolved,  which,  with  the 
excess  of  bromine,  may  be  removed  by  washing  with  a  few  drops  of  alcohol  and  a 
little  ammonia.  The  residue  is  to  be  dissolved  in  boiling  alcohol.  On  cooling,  the 
bromodiehloronaphthalene  deposits  in  fine  needles.  The  nnattacked  dichloronaphtha- 
lene remains  in  the  alcoholic  solution. 

This  substance  is  colourless,  tolerably  soluble  in  alcohol,  very  soluble  in  ether ;  and  of 
the  consistence  of  wax.  CrystaUises  by  spontaneous  evapontion  of  its  etiiereal  solution 
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IHsiinctive  characters  of  ike  seven 

varieties  of  TVichloronaphthaletie, 

.<>• 

ae. 

e. 

g- 

tf. 

ad. 

ae. 

Form. 

Six-sided 

prisms  of 

120°. 

Six.sided 
prisms, 
rhombus  of 
113°. 

Long 

needles, 

rhombus  of 

113°. 

Prisms  ter- 
ra inat4*d  1)7 

needles, 

rhombus  of 

130°. 

'LWxig 

rhombus  of 

184°. 

Silky 
needles, 
rhombus  of 
12»°. 

Needles  of 

which  the 

section  is  a 

hexagon 

derived  from 

a  rhombus 

of  U2°. 

HARDNBSa. 

Soft. 

Soft. 

Elastic, 
brittle. 

Unelastic, 
brittle. 

Like^. 

Soft. 

Melting. 
Point. 

7flO 

66° 

78<»to8(r° 

69"  to  70° 

• 

880to!W° 

Ifl0° 

93° 

State 

after 

FoaioN. 

Soft  rect- 
angular 
parallelo- 
grams. 

Same  as  a. 

Transparent 
rosettes  be- 
coming 
slowly 
opaque  by 
repose. 

Trans- 
parent 
rosettes  be- 
coming 
suddenly 
opaque  on 
contact  with 
a  forrign 
subitance. 

Needles 

moir< 

transparent 

becoming 

opaque  on 

repose. 

Transparent 
rosettes  be- 
coming 
opaque  on 
repose. 

Soft  rect- 
angular 
parallelo- 
grams be- 
coming 
harder  after 
a  time. 

ExBim. 

Extremely 
soluble. 

Very 

soluble. 

Soluble. 

Soluble. 

Soluble. 

Slightly 
soluble. 

Less  soluble 
than  a. 

Aloobol. 

Very  slight- 
ly soluble. 

Soluble. 

Soluble. 

Soluble. 

Soluble. 

Slightly 
soluble. 

More  solu- 
ble  than  a. 

in  six-sided  needles  with  angles  between  120°  and  121°.    Melts  about  80°.    Distils 
-without  decomposition. 

TetraohloronaphthalenSf  CH'C1^  exists  in  four  different  modifications. 
Distinctive  characters  of  the  Tetrachloronaphthalenes, 


a. 

b. 

€. 

k. 

Elabticitt. 

Soft. 

BiltUe. 

Flexible. 

Flexible. 

FoiM. 

Six-sided  prisms 

ofiao°. 

Oblique  prisms 

with  oblique 

base  of  103°, 

101°,  100°. 

Long  needles, 
rhombns  of  94°. 

Flat  needles. 

rhombus  of 

100°. 

MlLTlNO-POtNT. 

106° 

186° 

170O 

lSfl°. 

Crystalusa- 

TioN  after 

Fusion. 

Microscopic 
rosettes. 

Needles. 

Needles. 

Rotectei. 

Ether. 

Very  soluble. 

Very  slishtly 
soluble. 

Very  slightly 
soluble. 

Very  sliiihtly 
soluble. 

Naphtba. 

Very  weak 
boiling  solution 
becomes  filled 

with  long 
needles. 

Very  weak 

solution 

deposits  small 

needles  grouped 

in  masses  which 

only  fill  a  small 

portion  of  the 

liquid. 

SromotrichloronaphthaUne,  C^H^BrCP,  exists  in  three  different  modifica- 
tions, a,  fi,  y. 
Modification  a  is  prepared  by  the  action  of  bromine  on  the  modification  o  of  trichlo- 
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roniiphthaleiie.  It  forms  colourless  six-sided  prisms  with  angles  »  117"  30\  and  two 
»  125^.  Soft  like  wax.  After  fusion  it  ciystallises  in  microscopic  rosettes  between 
106^  and  106^.    Volatile  without  decomposition. 

Modification  0  is  prepared  by  the  action  of  bromine  on  dichloronaphthalene.  It  is 
like  the  a  modification  of  tetrachloronaphthalene,  except  that  the  crystals  are  better 
defined.  Czystalliaes  in  six-sided  prisms,  with  foor  angles  » 120^  30'  and  two  »  119^. 
It  is  of  the  consistence  of  wax,  and  after  fusion  solidifies  at  about  100°  in  microscopic 
rosettes. 

Modification  y  is  prepared  by  distillation  of  tetrachloride  of  dibromonaphthalene, 
C**H^r'.Cl^  During  the  operation  bromine  and  the  Tapours  of  hydrobromic  and 
hydrochloric  adds  are  disengaged.  The  receiver  contains  a  mixture  of  trichloro- 
naphthalene  (modification  a)  and  the  y  modification  of  bromotridiloronaphthalene. 
The  first  may  be  removed  by  solution  in  ether,  a  white  powder  then  remaining  which 
on  treatment  with  a  large  quantity  of  boiling  ether,  dissolves,  and  separates  on  sponta- 
neous evaporation,  in  small  brilliant  prisms. 

Oblique  prisms  with  oblique  bases,  the  angles  of  the  sides  being  102^  30',  and  the 
inclination  of  the  base  to  the  sides  being  101°  and  103°.  Very  slightly  soluble  in  ether 
and  in  boiling  alcohoL    Volatile  without  decomposition. 

Bibromodiehloronaphthalene,  C*'H*Br*Cl*.— There  are,  according  to  Laurent, 
two  isomeric  modifications,  a  and  iS. 

Modification  a. — ^Prepared  b^r  treatine  the  variety  /  of  dichloronaphthalene  with 
bromine.  Hydrobromic  acid  is  then  disengaged,  and  in  a  few  minutes  the  fluid 
solidifies  in  needles,  which  are  to  be  washed  with  cold  ether  and  dissolved  in  a 
Tery  small  quantity  of  hot  ether.  B^  slow  evaporation  the  substance  is  deposited  in 
small  but  brilliant  doubly  oblique  pnsms,  having  the  angles  of  the  faces  »  101°  30' 
to  102°  50'  and  101°  15'.  It  melts  at  170°  and  crystallises  on  cooling  in  fiat 
needles. 

Modification  0. — ^Prepared  by  treating  dibromonaphthalene  with  chlorine.  Doubly 
oblique  prisms,  melting  at  166°  and  distilling  without  alteration.  Solidifies  on  cooling 
into  a  fibrous  mass.    Very  slightly  soluble  in  ether  or  boiling  alcohoL 

Tetrabromonaphthalene,  C'*H^Br^  appears  to  exist  in  two  isomeric  modifica- 
tions. When  tetrabromide  of  dibromonaphthalene  is  distilled,  hydrobromic  acid  and 
bromine  are  disengaged,  and  a  white  matter  distils,  which  contains  two  substances. 
To  separate  them,  they  are  first  washed  with  ether  and  then  introduced  with 
more  ether  into  a  strong  glass  tube,  which,  after  being  closed  at  the  lamp,  is  to  be 
heat«d  to  100°  in  a  water-bath.  On  cooHuKi  the  tube  is  to  be  opened  and  the 
substances  removed.  One  crvstallises  in  short  brilliant  prisms,  and  the  odier  in  very 
fine  needles.    They  may  easily  be  separated  mechanically. 

Tetrabromonapnthalene  crystallises  in  oblique  prisms  with  oblique  base,  in  all 
respects  resembling  those  of  the  b  modification  of  tetrachloronaphthalene.  Soluble  in 
alcohol  and  ether.  They  distil  without  alteration  and  resist  the  action  of  potash. 
The  needles  are  probably  tetrabromonaphthalene  a;  they  are  elastic,  brittle,  and  very 
slightly  soluble  m  ether. 

Dibromotrichloronaphthalene,  C'*H'Br*Cl'. — This  substance  also  exists  in 
two  isomeric  modifications. 

Modification  a  may  be  prepared  by  boiling  tetrachloride  of  dibromocloronaphthalene 
QO'*H*Br'CLCl^)  with  alcoholic  potash.  A  white  powder  is  obtained  whicn  may  be 
dissolved  in  a  very  large  quantity  of  boiling  ether  or  benzene.  The  crystals  can  be 
obtained  by  spontaneous  evaporation.  Brilliant  prisms  belonging  to  the  triclinic 
system.  After  fusion  it  crystallises  at  166°  in  long  prisms.  Vokitile  without  decom- 
position.    Unacted  on  by  potash. 

Modification  /3,  prepared  by  the  action  of  bromine  on  tetrachloride  of  naphthalene 
in  sunshine,  is  a  white  powder  almost  insoluble  in  ether,  fusible,  and  cryst^Jlising  on 
cooling  in  rectangular  parallelograms  crossed  by  two  diagonals. 

Sexekloronaphthalene,  C**H^C1*,  is  prepared  by  the  prolonged  action  of 
chlorine,  aided  by  heat,  on  the  alpha  modification  of  trichloronaphthalene.  If  the 
product  contains  perchloronaphthalene,  it  may  be  purified  by  means  of  ether,  in  which 
the  latter  substance  is  comparatively  insoluble. 

Six-sided  prisms  with  angles  of  120°.  Of  the  consistence  of  wax,  and  may  be  bent 
without  difficulty.  Dissolves  in  about  20  times  its  weight  of  ether.  Scarcely  soluble 
in  alcohol,  but  very  soluble  in  benzene.  After  fusion  it  solidifies  at  143°  in  microscopic 
rosettes.  Volatile  without  decomposition,  and,  like  its  congeners,  unattacked  by 
potash.  Even  sulphuric  acid  dissolves  only  a  very  small  quantity.  It  is  witn 
difficulty  attacked  by  boiling  nitric  acid,  whidi  however  finally  transforms  it  into  per- 
chkroxinaphthyl,  0**C1«0*. 

Perchloronaphthalene,  C'^Cl*.— Prepared,  like  the  last  substance,  by  the  pro- 
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longed  action  of  chlorine  on  alpha-trichloronaplithfilene  kept  in  Ai8ion«  The  hez- 
chloionaphthalene  may  be  lemoTed  hj  ether  and  the  perehloionaphthalene  may  be 
obtained  from  the  residae  by  boiling  it  in  benzene  or  petroleum. 

Pale  yellow  needles,  or  yeiy  brittle,  fbor-sided  prisms,  of  which  the  angles  are  112^  80', 
and  67°  SO'.  Very  slightly  soluble  in  ether,  even  on  boiling.  Volatile  without 
decomposition  and  unattached  by  potash. 

In  addition  to  the  above  chlorine  and  bromine  compounds,  Laurent  has  described  a 
number  of  substances  containing  fractional  parts  of  atoms  of  chlorine,  bromine,  and 
hydrogen.  Many  of  these  substances  appear  to  be  mixtures,  but  others  hare  resisted 
all  efforts  to  separate  them  into  bodies  having  more  satisfactory  formulae.  It  is 
however  observable  that  the  substances  may  be  traced  to  the  parent  hydrocarbon  by 
addinff  the  fractional  atoms  together ;  thus  Laurent's  bromide  of  bronaphthine  is  repre- 
sented by  the  formula  C'*H***Br*-*Br*.  Now  since  6*5  +  2*5  ■■  8,  the  hydrogen  is 
all  accounted  for,  and  the  substance  would  appear  to  be  tetrabromide  of  naphthalene, 
in  which  2*5  atoms  of  hydrogen  are  replaced  by  2*6  atoms  of  bromine.  It  will  not  be 
necessary  to  do  more  than  eive  l^e  following  list  of  substances  described  by  Laurent 
containing  fractional  formuLe.    The  names  are  those  of  Laurent. 


Bronaphthine 
Bromide  of  bronaphthine 
Chloride  of  chloronaphtane 
Chlorophtone  F    . 
Chlonaphthalane  A 
Chlorebronaphtine 
Bromide  of  chlorebronaphtin 
Chlorenbronaphtone  B 
Bromenchlonaphtose  A 
Bromanchlonaphtone  A 
Bromochlonaphtune  B 


C"H»-»Br*-* 

C"H»»Br«-».Br* 

C»«H'-KJl-*.a* 

C"H»**BrH31» 

C'»H*-fBr*»Cl« 

C"H*'*Br»Cl»» 

C'*H*Br»-*Cl" 

C"H*-»Br-K)l» 

C»«BrCl'-*H»-* 


Laurent's  vowel  system  of  nomenclature  can  only  be  applied  with  difficulty  to  such 
combinations  as  the  above. 

Chtoronaphthalic  acid,  C^'K'CIO'.  When  tetradiloride  of  chloronaphthalene 
is  boiled  with  nitric  acid,  and  ether  poured  on  the  oil^  product^  chloride  of  chloroxy- 
naphthiJene  is  precipitated,  and  may  then  be  boiled  with  alcoholic  potash  in  which  it 
is  completely  soluble.  On  diluting  with  a  small  quantity  of  water  and  neutralising 
with  an  acid,  chloronaphtbalic  acid  crystallises  out  on  cooling  (Laurent).  Accord- 
ing to  Wolff  and  Strecker,  this  process,  instead  of  yielding  the  ordinary  yellow  barium- 
salt,  sometimes  gives  a  purple-red  salt^  possibly  of  a  more  highly  chlorinated  chloro- 
naphthalic  acid. 

The  acid  forms  long,  yellow,  transparent  needles,  unaffected  by  exposure  to  the  air. 
Melts  about  200^,  and  on  cooling  crystallises  in  laminae.  Distib  without  decomposition. 
Has  the  same  formula  as  chloroalizarin. — Nitric  acid  converts  it  into  phtbalic  and 
oxalic  acids. — It  is  not  reduced  to  alizarin  by  potassium-amalgam  or  by  the  voltaic  battery. 

Chloronaphthalate  of  ammonium  forms  radiated  crimson  needles.  The  potassium-salt 
forms  carmme  coloured  needles,  containing  when  dried  at  100°,  18*07  per  cent  K'O.  The 
barium-saltf  C**H*ClBaO',  prepared  by  precipitating  a  solution  of  the  ammonium-salt 
with  chloride  of  barium,  crystallises  in  orange-coloured  silky  needles.  The  strontium- 
salt  forms  orange-yellow  needles;  the  calcium-salt,  orange-coloured  needles.  The 
aluminium-salt  is  an  orange-coloured  precipitate ;  the  cadmium-salt  is  a  vermillion- 
coloured  precipitate  which  under  the  microscope  appears  in  cruciform  crystals;  the 
cobalt'salt,  a  crimson  precipitate  becoming  brown  on  drying,  vermillion-coloured 
under  the  burnisher.  The  copper-salt  is  a  crystalline  crimson-coloured  precipi- 
tate ;  the  ferric  and  ferrous  salts  are  brown  precipitates ;  the  Uad-salt  a  gelatinous 
orange-red  precipitate;  the  silver-salt  a  gelatinous  blood-r«d  precipitate.  When  pre- 
pared with  heat,  it  forms  a  carmine-coloured  crystalline  precipitate.  Mercury-salts.  With 
solution  of  corrosive  sublimate,  a  solution  of  chloronaphthalate  of  ammonium  gives  a 
reddish-brown  precipitate. 

Chloronaphtbalic  acid  almost  rivals  turmeric  and  litmus  in  its  sensibility  to  the 
presence  of  alkalis.  Paper  stained  with  an  alcoholic  solution  (veiy  dilute),  if  exposed  to 
ammoniacal  vapours,  instantly  assumes  a  more  or  less  deep  red  colour. 

Kitro-compounds  of  Naphthalene. 

Nitronaphthalene,  CH'NO*.  Preparation. — By  far  the  most  convenient  method 
of  preparing  nitronaphthalene  is  to  expose  naphthalene  to  the  prolonged  action  of  cold 
nitric  acid  of  moderate  strength.    For  this  purpose  the  hydrocarbon  in  small  pieces  or 
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ciystalB  18  to  be  placed  on  the  sorfaee  of  nitric  acid,  of  specific  graTitj  1  '33.  Large  shal- 
low eYEporating  basins  are  the  most  saitable  Tessels  for  the  purpose.  Six  pts.  nitric 
acid  wiU  suffice  to  convert  1  pt  of  naphthalene^  After  exposure  for  some  time,  it  %riU 
be  ibund  that  the  naphthalene  has  fused  into  a  cake.  It  may  then  be  cut  with  a  piece 
of  sheet  glass  or  a  platinum  knife  into  small  pieces  which,  after  draining  on  a  ftmnel, 
may  be  raoken  up  in  a  mortar  and  returned  to  the  acid.  This  is  to  be  repeated  as  often 
as  the  mass  becomes  caked,  about  a  week  being  required  to  complete  the  process^  No  red 
Tapours  of  any  consequence  are  eyolyed,  and  there  are  no  secondanr  products  formed. 
When  the  action  is  completed,  the  product  is  to  be  broken  small  and  orained  on  a  fun- 
nel untU  no  more  add  liquor  fidls.  It  may  then  be  washed  with  cold  water.  The  final 
purification  may  be  effected  by  one  or  two  crystallisations  from  boiling  methylated  spirit. 
By  this  process  even  hundredweights  may  be  prepared  with  the  greatest  ease. 

Properties. — ^Pale  yellow  prismatic  needles  derived  from  prisms  of  100°  and  80^,  the 
acnte  angles  being  truncated.  Melts  at  43°,  the  temperature  rising  to  54®  at  the  mo- 
ment of  solidification.  Volatilises  almost  without  decomposition,  if  carefully  heated. 
If  the  heat  be  applied  rapidly,  it  decomposes  with  ignition  and  deposition  of  carbon. 

Deconrnoeitions. — 1.  Ferrotu  acetate  reduces  it  to  naphthylamine,  as  also  does  sul- 
phide of  ammonium  (see  Naphthtlahinb). — 2.  Sulphite  of  ammonium  convei'ts  it 
into  naphthionic  and  thionaphthamic  acids. — 3.  Heated  with  7  or  8  times  its  weight  of 
hydrate  of  calcium  or  barium,  it  yields  Laurent's  naphtase. — 4.  Chlorine  aided  by  heat 
converts  it  into  an  oil  which,  when  treated  with  potash,  yields  the  a  modification  of  tri- 
chloronaphthalene,  or  sometimes  tetrachloronaphthalene. — 6.  Bromine  aided  by  heat 
Yields  hydrobromic  add  and  dibromonaphthalene. — 6.  Fumina  sulphuric  acid  converts 
it  into  mtrosulphonaphthalic  add. — 7*  Heated  in  a  water-bath  with  a  part  of  2  pts. 
hydrate  potassium  and  1  pt.  fresh  hydrate  of  calcium,  as  little  water  as  possible  being 
used,  it  decomposes  completely,  yielding  the  potassium-salt  of  nitrophthalic  add.^ 
8.  When  it  is  heated  in  a  retort  with  hydrate  of  potassium  and  slaked  lime  to  a  tempe- 
rature of  140°,  and  oxygen  passed  over  it,  the  gas  is  slowly  absorbed  and  the  mixture 
becomes  yellow.  The  operation  takes  ten  or  twelve  hours,  at  the  end  of  which  time 
the  oxidation  of  the  nitronaphthalene  is  almost  complete.  The  alkalis  have  then 
entered  into  union  with  a  substance  which  Dusart  calls  nitroxynaphthalic  add.    (See 

NlTROXTXAPHTSALTC  ActD.) 

Dinitronaphthahne,  C^'H'N'O*. — ^Naphthalene  or  nitronaphthalene  may  be 
eonyerted  into  this  compound  by  long  boiling  with  nitric  acid.  The  operation  is  to 
be  continued  until  the  oily  layer  soUdifies  entirely  on  cooling,  the  product  being 
washed  on  a  glass  funnel  with  water,  and  crystallised  from  alcohol.  It  forms  very 
small  needles  which  crystallise  from  a  solution  in  nitric  acid  in  rhombic  prisms  of  67° 
and  113^.  Melts  at  185®,  and  maybe  sublimed  in  small  needles.  When  suddenly 
heated,  it  decomposes  violentiy,  with  ignition  and  deposition  of  carbon.  By  prolonged 
boilins  it  is  converted  into  trinitronaphthalene.  Chlorine  produces  di-  and  trichloro- 
naphthalene.  Sulphide  of  ammonium  converts  it  into  seminaphthylamine.  A  feebly 
aramoniacal  boUing  solution  is  reduced  by  sulphide  of  hydrogen  to  ninaphthylamino 
(Wood).  Its  alcoholic  solution  is  converted  into  nitrosonaphthylin  in  contact  with 
tine  and  hydrochloric  acid,    (P  e  r  k  i  n  and  Church.) 

Trinitronaphthalene,  C^'H^N'O*. — This  compound  exists  in  three  forms,  a,  jS 
and  7. 

Modification  a. — ^When  naphthalene  is  boiled  for  a  day  or  two  witb  strong  nitric  acid, 
colourless  crystals  are  formed  which  are  a  mixture  of  dinitronapbthalene  and  trinitro- 
naphthalene, a  and  /3.  The  dinitronapbthalene  and  a  substance  called  by  Laurent  nitro- 
naphthalt'ise  may  be  removed  by  ether.  The  residue  is  to  be  boiled  with  only  enough 
alcohol  to  dissolve  half  of  it  By  spontaneous  evaporation  the  trinitronaphthalene  a 
will  be  obtained  mixed  with  needles  which  may  be  removed  by  agitating  the  liquid  and 
pouring  off  the  suspended  crystals. 

Bhombie  tablets,  pale  yellow,  inodorous  and  only  very  slightly  soluble  in  boiling 
alcohoL  Volatile  without  decomposition  when  carefully  heated,  but  decomposing  with 
violence  when  heated  rapidly.  Melts  at  210°,  and  solidifies  into  a  fibrous  mass  on 
cooling. 

Chlorine  first  turns  it  red  and  then  decomposes  it.  Alcoholic  potash  in  solution  evolves 
ammonia,  yielding  a  red  solution  from  which  acids  predpitated  brown  or  black  fiocks. 

Modification  0. — The  residues  of  the  preparation  of  modification  a  are  to  be  niixed, 
and  boUed  with  nitric  add  for  5  or  6  days.  On  cooline  needles  are  obtained  which  are 
to  be  washed  first  with  nitric  acid,  then  with  water,  and  finally  with  alcohol.  They  are 
colourless  at  first,  but  become  yellow  by  e^>o6ure;  melt  at  215^;  decompose  with 
ignition  when  heated  in  close  vessels ;  Very  skehUy  soluble  in  boiling  alcohol  or  ether, 
less  so  in  fact  than  any  other  of  the  nitronaphoialenes. 

Boiling  alcoholic  potash  turns  the  compound  orange-red  at  first,  then  brown.    Acids 
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precipitate  from  the  alkaUne  solution  a  brown  snbstanoe.  Boiling  nitric  acid  decom- 
poses it  according  to  Laurent,  which  is  strange,  considering  its  mode  of  formation. 

Modification  7,  called  also  Marigruufs  THnitronaphtkalene.  This  substanceconstitutes 
the  chief  part  of  the  insoluble  residue  remaining  when  dinitronaphthaiene  is  pre- 
pared by  boiling  naphthalene  with  nitric  acid  without  the  aid  of  fuming  sulphuric  acid. 
This  residue  is  to  be  washed  with  water  and  extracted  by  cold  ether  which  dissolres 
the  trinitronaphthalene  %  and  yields  it  on  eyaporation  as  an  adhesive  resinous  mass. 

It  is  pale  yellow,  crrstallisea  in  a  pulyerulent  form  from  a  solution  in  boiling  alcohol. 
Melts  below  100^.  Almost  insoluble  in  boiling  ether,  and  only  sparingly  soluble  in 
boiling  alcohoL  When  carefhlly  heated  it  sublimes,  but  if  the  heat  be  applied  rapidly 
it  decomposes  with  explosion.  Solutions  of  the  caustic  and  carbonated  alkalis  dissolve 
it  with  a  fine  red  colour,  the  solution  gradually  becoming  black.  From  the  alkaline 
solution  acids  precipitate  brown  flocks,  hayings  according  to  Marignac,  the  formula 

Laurent  has  described  seyeral  other  compounds  derived  from  the  nitronaphthalenes 
by  substitution  of  one  or  more  atoms  of  hydrogen  by  bromine  and  chlorine ;  they  are 
not  however  of  any  veny  special  interest 

Sulphurio  derivatives  of  Naphthalene. 
For  the  numerous  products  of  the  action  of  sulphuric  add  upon  naphthalene,  see 

SXTLFHONAPHTHAIJO  AciD. 

Products  of  oxidation  of  Naphthalene, 

The  following  products  of  oxidation  of  naphthalene  will  be  found  under  their  pro- 
per headings,  Iufsthaulsb,  Nafhthbsic  Acid,  KAPHTHULMiir. 

Uses  of  Naphthalene. 

The  enormous  quantities  of  naphthalene  which  are  produced  during  the  distillation 
of  coal-tar  are  seldom  or  never  extracted  from  the  'pitch  oil.V  G-reat  efforts  have 
been  made  to  find  a  use  for  it^  but  none  have  been  entirely  successful.  Lamp  black 
is  sometimes  prepared  by  condensing  the  dense  smoke  which  burning  naphthalene 
evolves. 

A  French  surgeon,  NL  Emery,  has  employed  naphthalene  in  the  treatment  of  certain 
skin  diseases.  He  tried  it  on  fourteen  patients  in  the  hospital  of  St.  Louis,  and 
twelve  were  cured.  In  the  two  cases  which  failed  one  was  a  woman  30  years  of  age, 
who  had  been  afflicted  for  eight  years  with  psoriasis  gyrata ;  the  other  was  a  young 
man  who  had  suffered  for  eight  years  with  lepra  vulgaris.  The  latter  case  was  cured 
by  a  two  months'  course  of  pitch  ointment  The  mode  in  which  M.  Emeiy  applied  the 
naphthalene  was  in  the  form  of  ointment  in  the  strength  of  Sss  to  5i  of  lard.  The  in- 
flammation which  sometimes  supervenes  must  be  combated  by  poultices. 

Great  efforts  have  also  been  made  to  produce  fast  colours  from  naphthalene,  but  up 
to  the  present  time  the  results  have  not  been  successfal.  There  is  no  doubt  whatever 
that  in  a  few  years,  perhaps  in  a  few  months,  the  difficulties  in  the  way  of  utilising 
naphthalene  will  be  overcome. 

The  action  of  reducing  agents,  such  as  zinc  and  hydrochloric  acid,  upon  dinitronaph- 
thaiene gives  rise  to  nitrosonaphthylin,  a  beautiful  colouring  matter.  The  same  com- 
pound also  afibrds  colours  when  heated  with  stannous  chloride  and  cyanide  of  potassium. 
The  close  relations  which  appear  to  exist  between  the  formula  of  alizarin  and  some  of 
the  derivatives  of  naphthalene  have  lon^  led  to  a  hope  of  the  artificial  formation  of 
the  former  substance.  Indeed  M.  Roussin,  by  reducing  dinitronaphthaiene  with  sul- 
phuric acid  and  zinc,  produced  a  colouring  matter  which  was  for  some  time  considered 
to  be  alizarin ;  subsequent  researches  however  showed  that  the  conclusions  which  had 
been  formed  regarding  M.  Boussin's  substance  were  too  hasty.  In  fact  naphthazarin 
yields  only  sombre  shades,  which  have  not  been  found  of  industrial  importance. 

The  beautiful  substance  obtained  by  Messrs.  Ferkin  and  Church  by  acting  upon  a 
salt  of  naphthylamine  with  nitrite  of  potassium,  and  to  which  they  have  given  the  name 
of  azodinaphthyldiamine  (see  Nafhtuvlahike),  vields  superb-coloured  derivatives,  some 
of  which  can  easily  be  applied  to  tissues ;  they  nave  not  yet  however  been  successfully 
fixed.  C.  G.  W. 


I  Syn.  with  NAFHTHAUBsni. 


and 
Syn.  with  Cyanatb  and  Sulphoctanatb  of  Nafsthtl  (p.  19). 

Syn.  with  Oxtkaphthtlahikb. 
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C^IPO^,  Preparation. — According  to  Laurent,  when 
naphthalene  is  treated  with  acid  chromate  of  potassium,  water,  and  sulphuric  acid, 
a  violent  reaction  takes  place  and  naphthesic  acid  (and  sometimes  a  rose-coloured 
substance,  eartninaphthane  O*H*0^  ?)  is  formed.  The  mass,  after  the  reaction  is  over, 
is  to  be  treated  with  water  and  thrown  on  a  filter.  The  solution,  after  the  lapse  of  a 
considemble  time  (two  months),  deposits  crystals  of  chrome-alum,  which  in  time  become 
ooTered  with  white  waity  granules.  The  latter  are  to  be  dissolyed  in  alcohol,  and  the 
solution  after  filtration  is  to  be  evaporated,  when  the  naphthesic  acid  will  remain  as  a 
ciystalline  mass. 

Properties. — Rhombic  needles  of  58°  and  122°.  Melts  below  100°  and  may  be 
sublimed  at  a  higher  temperature.    Soluble  in  alcohol,  almost  insoluble  in  water. 

C.  G.  W. 

VA»BTBXOVZC  ACXB.  C'*H^.SO*.  Sulphonaphthalidamic  acid.  (Piria, 
Ann.  Chim.  Phys.  [3]  xxxi.  217;  Gm,  xiv.  110  ;  Gerh.  iii.  469.) 

Preparation, — One  part  of  nitronaphthalene,  after  being  washed  with  water  until 
the  nitric  acid  used  in  its  preparation  is  removed,  is  warmed  with  5  parts  of  alcohol 
until  dissolved ;  and  5  parts  of  solution  of  sulphite  of  ammonium,  specific  gravity 
1*24,  are  added.  The  mixture,  if  kept  gently  boiling,  deposits  acid  sulphite  of 
ammoninm,  and  aoquires  an  add  reaction.  Carbonate  of  ammonium  in  powder  is 
then  to  be  added  until  the  acid  reaction  disappears.  After  boiling  a  short  time 
the  acid  reaction  again  becomes  apparent^  and  must  be  destroyed  as  before.  The 
boiling  is  continued  until  no  turbidity  is  observed  on  edding  a  drop  of  the  liquid 
to  water.  The  liquid  forms  two  strata,  the  upper  containing  thionaphthamate  and 
naphthionate  of  ammonium,  and  the  lower  sulphite  and  sulphate.  The  upper  layer 
is  to  be  separated  and  evaporated  over  a  lamp  to  an  oily  consistence  and  then  put 
aside.  After  some  time  it  becomes  converted  into  a  mass  of  oranee-yellow  crystals  of 
thioni^hthamate  of  ammonium.  The  mother^liquid,  which  contains  the  naphthionate 
of  ammonium,  is  heated  to  100°  and  mixed  with  hydrochloric  acid,  which  precipitates 
the  naphtiiionic  acid.  It  is  now  to  be  washed  with  water  and  with  alcohol,  until  the  liquids 
eome  away  colourless.  The  naphthionate  of  ammonium  is  then  to  be  converted  into 
a  calcium  or  sodium-salt,  which  may  be  purified  by  repeated  crystallisations ;  and,  when 
it  has  become  colourless,  it  is  once  more  dissolved  in  water  and  precipitated  by  a 
slight  exoess  of  hydrochloric  add.  The  acid  thus  predpitated  is  washed  with  water 
and  then  with  alcohoL  As  moist  naphthionic  acid  is  easily  altered  by  contact  with 
air,  it  is  neoessaiy  that  the  water  usea  for  washing  it  be  freed  from  air  by  prolonged 
ebullition. 

Properties. — ^As  predpitated  from  a  warm  solution,  naphthionic  add  forms  small 
tight  colourless  crystals  resembling  asbestos.  It  is  tasteless  and  inodorous ;  reddens 
litmus  paper.  It  is  only  slightly  soluble  in  water,  2000  parts  of  the  latter  dissolving 
only  1  part  at  ordinary  temperatures.  It  is  only  slightly  soluble  in  alcohol.  It 
completely  saturates  alkalis,  but  its  salts  with  heavy  metals  have  an  acid  reaction.  It 
evolves  acetic  add  from  acetates  even  at  ordinary  temperatures.  The  crystals  are 
rendered  anhydrous  by  a  temperature  of  100°. 

Decompositions. — 1.  Heated  on  platinum,  it  bums  and  evolves  sulphurous  acid,  giving 
off  an  ixdammable  vapour  havins  an  odour  recalling  that  of  bitter  almonds;  it  leaves  a 
large  carbonaceous  residue. — 2.  Moist  naplithionic  acid  is  decomposed  by  exposure  to 
the  air. — 3.  It  is  not  decomposed  by  boiling  with  concentrated  hydrochloric  acid. 
— 4.  Concentrated  sulphuric  acid  dissolves  it  with  the  aid  of  heat  The  solution  is 
transparent  and  colourless;  it  may  be  heated  to  nearly  200°  without  decomposition,  but 
about  220°  it  begins  to  blacken  and  give  off  vapours  of  sulphuric  acid. — 5.  Con- 
centrated solution  of  hydrate  of  sodium  does  not  attack  it. — 6.  Dilute  nitric  acid  is 
without  action  on  it,  but  when  concentrated,  especially  if  it  contains  nitrous  acid,  it 
converts  it  into  a  brown  resin. — 7.  Chlorine  passed  into  a  solution  of  a  naphthionate 
turns  it  brown  and  predpitates  a  resinous  substance. — 8.  Acid  chromate  of  potassium 
aided  by  heat  acts  like  chlorine.  The  presence  of  sulphuric  add  accelerates  the  decom- 
position. 

Sai.ts  or  NAFBTEXomc  Aero.— The  naphthionates  are  all  soluble,  and  crystallise  easily 
(h>m  a  solution  in  weak  alcohoL  Solutions  of  naphthionates  are  opalescent,  and  when 
viewed  at  different  angles  transmit  beautiful  red,  blue  and  violet  colours.  Excessively 
weak  solutions  produce  these  effects,  a  solution  of  naphthionate  of  sodium  containing  only 
j^^355  of  salt  being  capable  of  showing  the  phenomenon. 

The  aqueous  solutions  of  the  naphthionates  of  the  alkali-metals  are  not  predpitated 
by  acetic  acid  even  when  heated ;  but  the  alcoholic  solutions  treated  with  acetic  acid 
yield  a  small  precipitate  of  naphthionic  acid. — Ferric  chloride  added  to  a  solution  of 
naphthionate  of  sodium,  sives  an  abundant  brick-red  predpitate  which  turns  brown 
when  heated. — Platinic  chloride  gives  a  yellow  precipitate. — Nitrate  of  silver  gives  a 
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vbite  crystalline  precipitate.  Trichloride  of  geld  turns  the  solution  of  naphthionate  of 
sodium  purple,  and  gives  a  precipitate  of  metallic  gold. — Mercuric  chloride  affords  a 
white  precipitate. — Sulphate  of  copper  turns  the  solution  yellow,  but  gives  no  pre- 
cipitate. 

Naphthionate  of  Ammonium. — Very  soluble  in  water  and  alcohol ;  crystallises  with 
difficulty. 

Naphthionate  of  Barium. — ^This  compound  is  best  prepared  by  double  decomposition 
of  a  solution  of  naphthionate  of  sodium  with  chloride  of  barium ;  for  this  purpose 
2  parts  of  naphthionate  of  sodium  and  1  part  of  chloride  of  barium  are  to  be  dissolved 
in  10  parts  of  boiling  water.  The  naphthionate  of  barium  crystallises  out  on  cool- 
ing, and  may  be  rendered  perfectly  pure  by  two  recrystallisations  from  boiling 
water. 

Two  different  kinds  of  crystals  of  this  salt  may  be  prepared  hj  regulating  the 
Lemperature  at  which  the  solution  crystallises.  If  a  small  quantity  of  liquid  be 
employed,  micaceous  laminae  form  in  the  fluid  while  still  warm.  The  crystals  so  formed 
have  a  slightly  violet  tint.  If  the  solution,  on  the  other  hand,  is  more  dilute, 
it  does  not  begin  to  crystallise  until  after  complete  cooling;  the  salt  then  assumes 
the  form  of  liuge  transparent  rhombohedral  laminse.  It  is  moderately  soluble  in 
water. 

Naphthionate  of  Calcium^  C^H'CaN.SO'.iH'O. — ^When  crude  naphthionic  acid  is 
boiled  with  milk  of  lime,  the  Altered  solution  evaporated  orer  the  water-bath,  and 
then  left  at  rest-,  bulky  reddish  crystals  are  deposited  which  may  be  purified  by  washing 
on  a  funnel  with  cold  alcohol,  which  dissolves  resinous  impurities.  The  salt  thus 
partially  purified  is  to  be  dissolved  in  boiling  water,  depolorised  by  animal  charcoal 
and  set  aside  to  crystallise.  It  crystallises  in  white  semi-transparent  laminae  having 
a  fatty  appearance.  Individual  crystals  appear  colourless,  but  when  seen  in  masses 
they  possess  a  very  beautiful  rosy  tint.  Very  soluble  in  water,  almost  insoluble  in 
alcohol.    It  has  no  action  on  vegetable  colouring  matters. 

Naphthionate  of  Lead^  C'*H*PbNSO*.H*0,  prepared  by  double  decomposition  of  a 
solution  of  naphthionate  of  sodium  with  nitrate  of  lead. — ^Forms  short  reddish  needles, 
slightly  soluble  in  water,  but  insoluble  in  alcohol.  Reddens  litmus.  It  is  altered 
by  boiling  with  water,  the  solution  becoming  red  and  gradually  losing  its  power  of 
crystallising. 

Naphthionate  of  Magnesium^  C^H'MgNSO*. — ^Easily  obtained  by  boiling  for  about 
two  hours  a  mixture  of  2  pts.  of  crude  naphthionic  acid  and  1  pt.  of  carbonate  of 
magnesium  with  water.  The  solution  is  to  be  filtered  and  set  aside  to  crystallise. 
It  is  to  be  purified  by  reciystallisation  from  weak  alcohoL  If  the  solution  be  concen- 
trated, the  resulting  salt  will  contain  4  atoms  of  water  of  crystallisation ;  but  if  the 
mother-liquor  be  allowed  to  evaporate  spontaneously  in  vacuo,  the  crystals  will  contain 
6  atoms  of  water. 

Naphthionate  of  Potassium,  C"H*KNSO". — This  salt  is  anhydrous,  very  soluble  in 
water  and  alcohol,  but  sparingly  soluble  in  the  same  liquids  when  hydrate  of  potussium 
is  present.  It  is  easily  obtained  by  dissolving  crude  naphthionic  acid  in  a  boiling  con- 
centrated solution  of  hydrate  of  potassium.  It  crystallises  out  on  cooling  in  small 
micaceous  laminae. 

Naphthionate  of  Silver,  C^"H^AgNSO*.H*0,  obtained  by  decomposing  a  perfectly 
neutral  solution  of  nitrate  of  silver  with  a  solution  of  naphthionate  of  sodium,  is  a  white 
curdy  powder,  sometimes  becoming  converted  into  dense  crystalline  grains  with  an 
adamantine  lustre.  Little  soluble  in  cold  water,  more  so  in  hot.  Becomes  grey  on 
exposure  to  light. 

AmmoniaccU  naphthionate  of  Silver,  C'*H"AgSO*.2NH*.2H*0,  is  deposited  in  white 
crystalline  grains,  on  treating  a  hot  solution  of  the  last-described  salt  with  ammonia 
and  leaving  the  liquid  to  cool.     It  is  but  slightly  acted  upon  by  light. 

Naphthionate  of  iSotfiwwj,  C'«H«NaNS0".4H=0.— This  salt  may  be  prepared  by  dis- 
solving crude  naphthionic  acid  in  hot  alcohol,  with  addition  of  powdered  carbonate  of 
sodium.  The  boiling  solution,  after  filtration  and  repose,  yields  fine  nearly  colourless 
prisms  of  the  salt.  It  may  be  purified  by  being  reduced  to  powder  and  washed  on  a 
funnel  with  a  concentrated  alcoholic  solution  of  hydrate  of  sodium ;  after  this  it  must 
be  dissolved  in  alcohol,  and  decolorised  by  animal  charcoal.  After  the  latter  treatment 
it  will  be  necessary  to  recrystallise  it  several  times, — The  salt  forms  fine  prisms  l^e- 
longing  to  the  monodinic  system,  very  slightly  soluble  in  alkaline  liquids,  and  readily 
soluble  in  water  and  alcohol,  insoluble  in  ether.  When  in  masses  the  crystals  always 
appear  yellow.  The  crystals  are  at  first  insipid,  but  afterwards  yield  a  sweet  persistent 
taste.  The  salt  serves  for  the  preparation  of  several  of  the  naphthionates  by  double 
decomposition. — When  heated,  it  yields  a  residue  of  sulphate  and  much  carbon. — ^It  is 
not  changed  by  exposure  to  dry  air. 

Naphthionate  of  Zinc,  C'"H*ZnNSO*. — Obtained  by  double  decomposition  of  naph- 
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thionate  of  sodium  with  sulphate  of  zinc.  It  forms  large  red  lamina,  transparent  but 
becoming  opaque  at  90°,  with  loss  of  some  of  its  water  of  crystallisation.  Very  soluble 
m  water,  soluble  m  anhydrous  alcohol  with  the  aid  of  lieat.  Becomes  anhydrous 
between  160°  and  160°.  q  q.  yif 


WA»KTTOa«W,  C"H»0».  (Schiitzenberger  and  Willm.  Compt.  rend, 
xlvi.  894.)— A  substance  produced  together  with  azodinaphthyldiamine  (p.  23)  by  the 
action  of  aqueous  nitrite  of  potassium  on  hydrochlorate  of  naphthylamine  The 
azodmaphthyl-diamine  may  be  dissolved  out  by  alcohol  or  ether,  and  naphthulmin 
then  remains  as  a  black,  rather  buUcv,  humus-like  substance,  insoluble  in  nearly 
all  solvents,  especiaUy  in  acids  and  alkalis.  It  dissolves  however  in  strong  sulphuric 
acid,  forming  an  indigo-coloured  solution  whence  ic  is  precipitated  by  water. 

JTAPBTSmb.    C'H'. — The  monatomic  radicle  of  naphthylamine,  &c. 

Oyanateo/Naphthyl,  C^m^NO  -  cJ?jj,|o,  is  produced  in  small  quantity  by  heating 
dinaphthyl-carbamide  with  phosphoric  anhydride  (V.  Hall,  Phil.  Mag.  [4]  xvii 
304),  probably  also  when  menaphthoximide  is  heated  to  260°  (Perk in,  Chem.  Soc! 
J.  ix.  8).  It  fonns  magnificent  easily  fusible  crystals,  insoluble  in  water,  easily  soluble 
in  alcohol  and  ether.  Its  reactions  are  exactly  analogous  to  those  of  cyanate  of  ohenvl 
(ii  196).    (Hofmann,  Compt.  rend,  xlvii.  426.)  "^ 

Sulphocyanate  of  Najphthyl,  C"H»NS  -  (^^r\^.    Obtoined,  together  with  naph- 
thylamine, by  distilling  dinaphthylsulpho-carbamide'with  phosphoric  anhydride : 

(C"HO'^ 


(csy 

H« 


^  C'»H'  p    +        H«p- 


It  forms  splendid,  easily  fusible  crystals,  having  a  peculiar  odour,  insoluble  in  water 
very  soluble  in  alcohol  and  ether.    When  boiled  in  alcoholic  solution  with  naphthyl- 
amine, it  is  reconverted  into  dinaphthyl-sulphocarbamide.     With  aniline  it  forms  sul- 
phocyanateofphcnyl-naphthylamine:    ^SgJs    +    ^^'Jn    -   C'-H^rC^MNiS- 
(Hall,  Hofmann;  foe.  «Y.)  '  ^         )    ^ 


C»«H»N.  Naphthalidam,  Naphthalamine,  Naphtha/idine. 
(Zinin,  J.  pr.  Cbem.zxvii  143  ;  abstr.  Ann.  Ch.  Pharm.  xliv.  283.  Piria,  Ann.  Ch. 
Phys.  [3]xxxi.217.  BAchamp,  ifttrf.  xHi.  186.  Delbos,  jWei.xxi.68.  W.H.  Perkin, 
Chem.  Soc.  Qu.  J.  ix.  8  ;  Chem,  Gaz.  1856,  p.  119.  Hugo  Schiff,  Ann.  Ch.  Phys. 
liL  112.  A.  W.  Hofmann,  Compt.  rend,  xlvil  425 ;  Ann.  Ch.  Phys.  [3]  liv.  204. 
Schutzenberger  and  Willm,  Compt.  rend,  xlvii.  82.  Perkin  and  Church, 
Chem.  Soc  J.  xvi.  207. — ^Discovered  by  Zinin  in  1842  during  his  important  researches 
on  the  reduction  of  nitro-compoimds.  ' 

Preparation. — Zinin's  process  consists  in  mixing  1  pt.  nitronaphthalene  with  10 
pte.  of  strong  alcohol,  and  saturating  the  mixture  first  with  ammonia  and  then 
with  sulphide  of  hydrogen.  The  essential  features  of  the  reaction  are  expressed  by 
the  annexed  equation : 

CWH»NO«    +    3H«S    =    C'«H»N    +    2H»0    +    S». 
Nitronaphthalene.  Naphthylamine. 

Piria's  process  consists  in  takine  advantage  of  the  ease  with  which  the  tlu'onaph- 
thamates  are  converted  into  naphth^mine.  When  the  thionaphthamate  of  an  alkali 
is  treated  with  dilute  sulphuric  acid  and  the  solution  is  heated,  sulphate  of  naphthyl- 
amine is  produced  in  accordance  with  the  equation — 

2C"H»NS0*      +      H«0      =     2(C»«H"N)H«S0*. 

Thionaphthamfc  add. 

3.  Acoozding  to  Piria,  naphthylamine  is  also  produced  by  distilling  a  thionaphthamate 
with  excess  of  hydrate  of  calcium. 

4.  The  procMs  almost  invariably  nsed  at  the  present  day  is,  however,  that  of  B^champ, 
which  consists  in  reducing  nitronaphthalene  with  iron  filings  and  acetic  acid.  Accora- 
ing  to  SchiitEenberger  and  Willm,  phthakmine,  C'H^NC,  is  also  formed  in  this  re- 
action. The  production  of  naphthylamine  by  B^champ's  process  is  precisely  analogous  to 
that  of  aniline  from  nitrobenzene  with  the  same  reagents,  and  may  be  written  thus : 

C'«H^O»     +     6Fe«0     +     HK)     -     8Fe*0"     +     C'«H»N. 

It  is  quite  unnecessary  to  give  at  length  all  the  modifications  of  B^champ's  process, 
which  have  been  described  by  various  operators.  The  following  method  of  prepara- 
tion will  be  found  to  answer  either  on  the  large  or  on  the  small  scale:  1  pt.  of  nitro- 
naphthalene which  has  been  well  washed  with  water  to  remove  adhering  nitric  acid,  is 

c  2 
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mixed  with  1^  pt  of  iron  filings,  and  commercial  acetic  acid  is  added  in  sufficient 
quantity  to  cover  the  whole.  The  retort  must  be  very  capacious,  and  should  be  able  to 
hold  at  least  ten  times  the  quantity  of  the  ingredients  taken.  A  gentle  heat  is  applied 
until  the  nitronaphthalene  melts.  The  reaction  soon  sets  in,  and  is  generally  very 
active,  the  contents  of  the  retort  frothing  violently,  and  boiling  over  unless  the  fire  is 
removed.  As  soon  as  the  frothing  has  subsided,  the  retort  is  to  be  cautiously  heated 
until  the  acetic  acid  has  distilled  over,  after  which  it  is  to  be  removed  from  the 
fire  and  allowed  to  cooL  A  strong  solution  of  hydrate  of  potassium  may  then  be 
added,  until  the  mixture,  after  being  well  stirred,  is  powerfully  alkaline.  The  retort 
may  now  be  transferred  to  a  deep  sand-bath  and  covered  with  sand  up  to  the  neck. 
The  fire  is  to  be  urged  until  the  naphthylamine  comes  over,  which  however  will  not 
be  the  case  until  the  temperature  has  risen  to  300^.  The  oily  naphthylamine  tbus 
obtained  is  purified  by  solution  in  hydrochloric  acid ;  the  filtered  liquid  is  evapo- 
rated  to  dryness  and  distilled  with  hydrate  of  calcium ;  the  base  then  passes  over 
in  the  form  of  a  colourless  oil  contaminated  only  by  the  presence  of  phthalamine. 
The  latter  may  be  removed  by  converting  the  mixture  of  bases  into  sulphates  and 
crystallising.  The  sulphate  of  naphthylamine  being  less  soluble  than  sulphate  of 
phthalamine,  will  crystallise  out  first. 

Koussin  prepares  naphthylamine  by  treating  nitronaphthalene  with  tin  and  hydro- 
chloric acid.  He  introduces  into  a  balloon  (which  should  have  twice  tlie  capacity 
uecessarv  for  holding  the  ingredients)  6  pts.  of  commercial  hydrochloric  acid,  1  pt.  of 
nitfonaphthalene,  and  as  much  gr^ulated  tin  as  will  reach  to  the  surface  of  the  mixture. 
The  balloon  is  heated  in  a  water-bath  and  shaken  at  intervals.  An  energetic  re- 
action is  soon  set  up,  the  nitronaphthalene  disappears,  and  the  mixture,  which  is  of  a 
brown  colour,  becomes  transparent  The  product  in  this  condition  is  poured  into 
an  earthenware  vessel  containing  two  litres  of  commercial  hydrochloric  acid  diluted 
with  half  its  bulk  of  water.  The  hvdrochlorate  of  naphthylamine  soon  begins  to  crys- 
tallise, and  finally  renders  the  whole  solid.  On  cooling,  the  magma  is  drained  on  linen 
filters,  and  subsequentlv  pressed.  To  purify  the  crude  hydrochlorate  prepared  in  this 
manner,  it  is,  after  diymg,  to  be  dissolved  in  boiHng  water  and  treated  with  a  suffi- 
cient quantity  of  solution  of  sulphide  of  sodium  to  precipitate  the  tin.  The  liquid  is  then 
passed  through  a  wet  paper  filter  to  remove  a  tarry  impurity.  The  pure  hydrochlorate 
crystallises  on  cooling.    The  base  may  be  separated  by  the  addition  of  an  alkali. 

Properties. — Naphthylamine  precipitated  horn  a  solution  of  the  sulphate  by  ammonia 
forms  white  silky  needles.  Ab  oroinarily  obtained  by  distillation,  it  is  a  yellowish- 
white  crystalline  mass.  It  melts  at  50^,  and  distils  at  al)out  300°  without  decomposition. 
In  spite  of  this  fact  its  vapour-density  does  not  appear  to  have  been  determined.  If 
very  slowly  heated  it  sublimes  in  long  silky  needles.  It  has  a  most  disgusting  and 
persistent  odour,  which  adheres  to  the  hands  and  clothes  for  a  long  time.  Some  per- 
sons appear  to  be  injuriously  afibcted  by  it  when  working  with  it  for  some  time  (Carey 
Lea).  Solutions  of  naphthylamine  colour  deal- wood  yellow  even  more  intensely  than 
aniline.     (Hofmann.) 

Decontpositions, — 1.  Naphthylamine  bums  with  a  smoky  flame,  leav.'ng  a  residue 
of  carbon  (Z  i  n  i  n ). — 2.  Turns  violet  in  the  air  (Z  i  n  i  n).  This  violet  substance  appears 
to  be  produced  during  the  formation  of  naphthylamine  from  nitronaphthalene  by  B^ 
champ's  process ;  one  or  two  grains  are  all  that  can  be  obtained  from  50  or  more  grammes 
of  nitronaphthalene  (Carey  Lea).  Sublimed  naphthylamine  becomes  coloured  only 
after  Ions  exposure  to  the  air  and  sunlight,  and  if  protected  from  l^ese  influences  may  be 
kept  unaltered  for  years  (Zinin). — 3.  Heated  to  200°  with  dry  mercurous  nitrate  it 
yiAds,  according  to  the  quantities  of  salt  employed,  various  shades  of  colour  from  that  of 
aniline-violet  to  that  of  fuchsine  (Scheurer-Kestne  r). — i.  Stannic  chloride  converts 
it  into  a  red  colour  (Kestner\ — 6.  Not  attacked  by  chlorine  in  the  cold,  but  violently 
when  in  a  melted  state,  hvdrocnlorate  of  naphthylamine  and  a  resinous  substance  being 
formed  (Zinin). — 6.  Solution  of  hydrochlorate  of  naphthylamine  treated  with  chlorine 
affords  a  violet  colour,  a  brown  resin,  and  a  substance  crystallising  in  golden-yeUow 
needles  (Zinin). — 7.  "With /<?rr»(?  chloride^  nitrate  of  silver  ^  trichloride  of  gold  and  oxi- 
dising  substances  generally,  it  gives  an  azure-blue  precipitate  of  naphthameine  (Pir  ia). 
— 8.  When  nitrite  of  potassium  is  added  to  a  solution  of  a  salt  of  naphthylamine,  a 
reddish-brown  precipitate  is  immediately  produced  called  by  its  discoverers  azodi- 
naphthyldiamine,  and  having  the  formula  C"H"N*  (Ferkin  and  Church). 
— 9.  Platinic  chloride^  mercuric  cnloride^  and  chloride  of  zinc  yield  the  naphthameine 
of  Piria  which  appears  in  fiict  to  be  oxynaphthylamine  (Schiff).  This  is  probably 
also  the  substance  obtained  by  heating  nitronaphthalene  with  the  hydrates  of  potas- 
sium and  calcium. — 10.  Nitric  acid^  especially  if  it  contains  nitrous  acidy  converts 
naphthylamine  into  a  brown  powder,  almost  insoluble  in  water,  but  soluble  in  alcohol 
with  the  production  of  a  vi(uet  liquid  (Zinin).  Inasmuch  as  the  last  reaction  is 
favoured  by  the  presence  of  nitrous  acid,  it  is  probable  that  the  resulting  product  is 
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(or  at  least  contains)  Porkin'  and  Church's  azodinaphthyldiamine.  This  is  xendpred 
the  more  probable  because,  according  to  Zinin,  the  product  of  the  action  of  niirie 
acid  is  obtained,  on  evaporating  its  solution,  in  the  form  of  crystals  resembling 
murezide,  and  azodinaph&yldiamine  crystallises  in  magnificent  green  crystab  having 
somewhat  the  appearance  of  murezide,  but  much  larger  and  finer. — 11.  A  mixture  of 
nitric  and  tulpkuric  acids  acts  violently  on  naphthylamiine ;  on  the  addition  of  water  to 
the  mixture  flakes  ore  deposited  which  are  probably  nitronaphthylamine,  C^*H'(NO')N. 
— 12.  Oxychlcride  ofjihovplwnu  converts  naphthylamine  into  trinaphthylphosphamide 
(Schiff). — 13.  A  solution  of  acid  chromate  of  potassium  added  to  a  solution  of  a  salt 
of  naphthylamine  yields  a  precipitate  containing  a  violet  colouring  matter. — 14.  A  solu- 
tion of  naphthylamine  in  anhydrous  ether  when  treated  with  gaseous  cyanic  acid^  afibrds 
naphthyl-urea,  G"H**NK) ;  under  certain  circumstances  the  reaction  proceeds  differently, 
and  colouring  matters  are  formed  (Schiff). — 15.  An  alcoholic  solation  of  naphthy- 
lamine combines  with  oil  of  mustard^  forming  allyl-naphthyl-sulphocarbamide, 
C^H'^N^S*  (Zinin).^16.  With  sulphocyanate  of  phenyl,  phenyl -naphUiyl-sulphocar- 
bamide  is  produced  (Hofmann). — 17.  When  an  alcoholic  solution  of  naphthylamine 
is  treated  with  disulphide  of  carbon,  or  when  it  is  heated  in  a  sealed  tube  with  that 
reagent,  dinaphthyl-sulphocarbamide  is  produced  (Laurent,  Delbos,  Schiff). — 

18.  When  fused  naphthylamine  is  treated  with  gaseous  chloride  ofeyanogen^  heat  is  gireu 
off  and  hydzochlorate  of  menaphthylamine,  0*H"N'.HC1,  is  formed  (Perk in). — 

19.  With  the  iodides  &c.  of  the  aloohol-radides,  methyl-naphthylamine,  ethyl-naph- 
thylamine,  ^,  are  formed.    (Schiff,) 

Salts  of  Naphthtlaminb. 

Bromhydrate  or  Hydrohromats,  C"H*N.HBr. — Obtained  by  deoomposing  a 
concentrated  alcoholic  solution  of  sulphate  of  naphthylamine  with  bromide  of  potassium 
or  barium.  The  solution  filtered  from  the  sulphate  of  barium  is  to  be  slowly  evaporated. 
Crystalline  salt,  readily  soluble  in  alcohol,  moderately  soluble  in  water. 

Chlorhydrate  orHydrochlorate,  C**H*N.HCL — ^When  a  strons  solution  of  naph- 
thylamine in  alcohol  is  mixed  with  hydrochloric  add,  the  whole  solidifies  to  a  mass  of 
hydrocblorate  of  naphthylamine,  consisting  of  small  shining  scales,  raUier  freely  soluble 
in  water,  and  still  more  so  in  alcohol  and  ether.  It  sublimes  at  about  200^  with  only 
slight  decomposition  ;  the  sublimate  consists  of  very  fine  needles.  Like  the  sulphate, 
the  dry  salt  is  not  decomposed  by  exposure  to  the  atmosphere,  but  the  solution,  or  the 
crystals  if  wet^  become  rapidly  decomposed,  with  production  of  a  red  colour. 

Chloromercurate, — ^When  a  solution  of  mercuric  chloride  is  added  to  an  alcoholic 
solution  of  naphthylamine  or  of  its  salts,  a  curdy  yellow  precipitate  is  obtained;  it  is 
soluble  with  difficulty  in  cold  alcohol,  but  is  aeposited  from  a  boiling  solution  on 
cooling  in  crystals. 

Chloroplatinate. — A  yellow  precipitate  slightly  soluble  in  cold  water,  still  less 
soluble  in  alcohol  and  ether.  It  crystalfises  without  alteration  from  a  boiling  aqueous 
solution  (Gerhardt).  On  pouring  an  alcoholic  solution  of  hydrocblorate  of  naph- 
thylamine into  a  solution  of  platinic  chloride,  a  green  colour  is  developed,  and  the 
salt  is  deposited  as  a  brownish  green-yellow  powder.    (Zinin.) 

^1  <r  a  ^c!,  C**H'N.HNO'.— Naphthylamine  dissolves  without  decomposition  in  weak 
boiling  nitric  acid  if  the  latter  be  free  from  nitrous  acid.  The  solution  becomes  however 
•Ughtly  reddish.    On  cooling  brilliant  scales  aro  deposited  of  nitrate  of  naphthylamine. 

Oxalates,  1.  Neutral  ^//^---Crystallises  in  stellar  groups  consisting  of  small  laminss 
having  the  formula  2C**H*N.C'H'0^.  It  yields  dinaphthylcarbamioe  on  distillation. 
—2.  Acidsalt,  C**H'N.C*HK)*.— This  salt  forms  in  white  warty  masses,  readily  soluble 
in  water  and  alcohoL  When  submitted  to  destructive  distillation,  it  yields  a  brownish- 
yellow  powder  soluble  in  alcohol  but  insoluble  in  water. 

Phosphates,  1.  Orthophosphate. — Naphthylamine  treated  with  solution  of  phos- 
phoric acid  whidi  has  not  been  ignited,  forms  this  salt,  which  is  readily  obtained  in 
crystals  eren  when  dilute  solutions  of  the  base  are  troated  with  an  aqueous  solution 
of  the  acid.  It  rapidly  turns  red  by  exposure  to  the  air. — 2.  Metaphoiphate, — When 
an  alcoholic  solution  of  naphthylamine  is  treated  with  solution  of  metaphosphorie 
acid  in  alcohol,  a  white  pulverulent  salt  is  obtained.  It  is  only  slightly  soluble  in 
water  and  alcohol. 

Sulphate  of  Naphthylamine,  2(Ci*H'N).IPS0*  may  be  formed  by  dissolving 
the  base  in  warm  sulphuric  acid.  No  crystals  are  obtained  on  coolins  even  to  0^ 
bnt^  on  dilution,  the  whole  becomes  nearly  solid  with  small  scales  of  t£e  salt.  The 
same  salt  may  be  obtained  by  adding  sulphuric  a/ud  to  a  solution  of  thionf^hthamate 
of  potassium,  sodium,  or  ammonium,  and  gently  heating.      It  crystallises  in  white 
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silvery  scales  having  the  disgusting  odonr  of  the  base,  and  an  acid  reaction.  When  dry 
it  may  be  kept  without  alteration,  but  the  solution  decomposes,  with  production  of  a 
red  colour.  When  distilled  it  melts,  gives  off  sulphurous  acid,  and  leaves  a  residue 
of  carbon.  A  small  portion  of  €he  base  distils  over  undecomposed  (Zinin).  It  is 
only  slightly  soluble  in  cold  water  or  alcohol,  but  freely  so  in  hot  alcohol. 

Intimately  connected  with  naphthylamine  are  the  substances  which  Piria  discovered  by 
acting  on  nitronaphthalene  with  sulphite  of  ammonium.  (See  TmoNAFHTHAjac  Acid 
and  Naphthionic  Acid.) 

Substitution-derivatives  of  Naphthylamine. 

o.  Bromide  of  Ethyl-naphthylammonium,  C»^»*NBr«(C»«H'.C«H*.H»)NBr. 
—To  prepare  this  compound,  naphthylamine  is  treated  with  an  excess  of  bromide  of 
ethyl  in  a  flask  so  connected  with  a  Liebig*s  condenser  as  to  allow  the  volatilised 
bromide  to  return,  the  temperature  being  maintained  between  40^  and  60^  for  some 
hours.  The  contents  will  at  last  be  converted  into  a  reddish-brown  mass  from  which 
the  excess  of  bromide  of  ethyl  may  be  removed  by  distillation.  The  mass  is  then  to 
be  repeatedly  exhausted  with  boiling  water.  The  boiling  solutions  are  to  be  filtered,  and 
on  cooling,  the  bromide  of  ethyl-naphthylammonium  will  crystallise  out  (Schiff).— 
2.  Naphthylamine  inclosed  in  a  sealed  tube  with  excess  of  bromide  of  ethyl  and  kept 
for  fourteen  days  at  ordinary  temperatures,  becomes  almost  entirely  converted  into 
crystals  of  the  bromide.     (S  c  h  i  f  f. ) 

Properties. — Pale  rose-coloured  crystals  which  do  not  become  colourless  on  reciystal- 
lisation.  The  salt  does  not  become  coloured  so  easily  as  naphthylamine.  Very 
slightly  soluble  in  cold  water,  but  readily  soluble  in  hot  water,  alcohol  and  ether. 
(Schiff.) 

Heated  with  hydrate  of  potassium,  the  bromide  gives  naphthylamine  and  alcohol,  in 
accordance  with  the  equation — 


N 


C»H» 
H« 


Br  +   KHO     «     n|^^?'|  +   ^E?*|^    +  ^^'-    (Schift) 


/3.  Iodide  of  Methyl^naphthyl-ammonium. — ^An  attempt  to  prepare  a  methyl 
compound  by  treatment  of  naphthylamine  with  iodide  of  methyl  failed,  the  product 
being  a  greasy  mass  which  would  not  crystallise. 

y,    Sulphocyanate    of    Fhenyl-naphthylammonium,      C"H'WS      = 

CN         ) 

C'^H'^CH^Wi^' — ^P^^^*^  ^7  ^®  direct  union  of  naphthylamine  with  sulpho- 
cyanate of  phenyl,  or  of  phenylamine  with  sulphoc3ranate  of  naphthyl  (p.  19).  It 
crystallises  &om  its  boiling  solution  in  spangles  verv  like  diphenyl-sulphocarbamide; 
very  soluble  in  alcohol  and  in  ether.     (Mofmann,  Compt.  rend,  xlvii.  425.) 

C.  G.  W. 

ITAPH'l'H  K  Jr»C  ft  MH  A  MH>g8. — a.  MoNONAPHTHYL-CAfiBAJCIDB  or  NaFHTHTL- 

C'«H' ) 
UBBA,  C"H"N*0    -  (CO)"  N*.    (See  Cabbamidbs,  i.  764.) 

H«    J 

(CWIP)«) 
/B.  DmAPHTHYi.-CABBAMiDB.     Carbonaphtholide,  C«»H»«N«0  «    (CO)"  [N».  (Del- 

H«  J 
bos,  AnxL  Ch.  Phys.  [3]  zxi.  68. — ^Zinin,  Ann.  Ch.  Pharm.  cviii.  228). — Obtained, 
1.  Bjr  heating  the  neutral  or  acid  oxalate  of  naphthylamine  (Delbos).  Binaphthyl- 
oxamide,  C"H"N*0*,  is  first  formed,  and  afterwards  resolved  by  increased  heat,  into 
carbonic  oxide  and  dinaphthyl-carbamide. — 2.  By  boiling  dinaphthyl-sulphocarbamide 
with  alcoholic  potash  (Delbos)  : 

C«H"N«S  +  H^K)  -  C»»H»«N«0  +  H«S. 

8.  By  heating  dinaphthyloxamide  for  a  long  time  above  its  melting  point,  or  sub- 
mitting it  to  dry  distillation  (Zinin): 


(C»"»n')«)  (C>»H')«) 

(C«0»)"[N«     «         (COY 

H«    J  H» 


N«  +  CO. 


It  is  most  advantageously  prepared  from  acid  oxalate  of  naphthylamine,  which  must 
be  heated  to  complete  fusion ;  the  yellowish  mass  which  distilB  over  is  then  teeed  from 
naphthylamine  by  repeated  boiling  with  alcohol. 


.N» 
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Binaphtbyl-carbamide  \a  a  pure  white,  light  and  slightly  silky  mass,  insoluble  in 
fcater.  very  slightly  soluble  in  boiling  alcohol.  It  quickly  turns  red  when  exposed  to 
the  air,  and  distils  with  partial  carbonisation  at  a  temperature  above  300^.  When 
distilled  with  phosphoric  anh^dridej  it  yields  cyanate  of  naphthyl,  together  with  other 
products. 

(C'»H')« 

WAPItTH  »  f iwT^T  A  MIwaB.  auAzodikaphthtl-diakinb.  C^H>*N*ar     N" 

H       , 

(Perkin  and  Church,  Chem.  Soc.  J.  zvL  207). — ^A  base  produced  by  treating 
hydrochlorate  of  naphthylamine  with  nitrite  and  hydrate  of  potassium  in  the 
proportions  indicated  by  the  equation : 

2(C'«H»N.HC1)  +  KHO  +  KNO»     «     C»H'*N«  +   2KC1  +   3H'0. 

A  dark-coloured  precipitate  is  thereby  formed  which  when  recrystallised  once  or  twice 
from  boiling  alcohol,  yields  azodinaphthyl-diamine  in  splendid  needles,  haying  a 
bright  green  metallic  reflection.  It  melts  at  130°  to  a  blooa-red  liquid  having  a  green 
metallic  lustre,  and  bears  a  considerable  degree  of  heat  without  decomposition.  It  is 
insoluble  in  cold  water;  colours  boiling  water  yellow;  dissolves,  but  not  very  freely,  in 
alooholf  eihcTy  and  benzene^  even  at  boiling  heat.  Most  acids  colour  the  solutions  deep 
violet ;  but  the  original  orange-red  tint  is  restored  by  alkalis,  and  even  by  water.  Oil 
of  vitriol  colours  the  dry  crystals  dull  green,  changing  to  deep  blue  on  addition  of  a 
trace  of  water.  Strong  nitric  acid  dissolves  the  base,  forming  a  brown  solution 
which  afterwards  changes  to  brownish-red,  and  water  then  throws  down  a  brown 
precipitate. 

Azodinaphthyl-diamine  forms  three  hydrochlorates,  viz.  (C^ff  *N*)*.HC1,  crystallis- 
ing in  shining,  golden-brown  prisms ;  C^H^'N'.HCl,  in  dark  purplish-red  crystals ;  and 
C"H"N*.2HC1,  in  bulky  crystals  yellow-brown  by  transmitted  light,  and  having  a 
green  lustre  when  wet.  The  sulphate^  (C*H'*N')H*SO*,  forms  greenish-brown  crystals 
having  a  golden  metallic  lustre. 

Azodinaphthyl-diamine  boiled  for  some  time  with  potash  is  partly  reconverted  into 
naphthylamine.  By  prolonged  boiling  with  hydrochloric  acid,  it  is  slowly  decomposed, 
yielding  hydrochlorate  of  naphthylamine,  and  a  substance  soluble  in  potash.  When 
treated  with  hydrochloric  acid  and  granulated  tin,  it  is  decolorised  and  yields  one  or 
more  new  bases  not  yet  examined.  With  citraconic  acid  it  yields  a  solid  substance 
probably  consisting  of  azodinaphthyl-citraconamic  acid. 

By  using  a  double  proportion  of  nitrite  of  potassium,  Perkin  and  Church  (Chem. 
Soc  J.  Ix.  1 )  originally  obtained  a  dark-coloured  substance  which  they  regarded  as 
nitroBO-naphthalene,  C'*H'(N'0) ;  but  subsequent  experiments  have  shown  that  it  was 
not  a  definite  product,  but  merely  impure  azodinaphthyl-diamine. 

Bemoyl-azodinaphthyl-diamine,  C'^'H^'N'O  =  C««H'*(C'H»0)N«,  is  produced  by 
heating  azodinaphthyl-diamine  with  chloride  of  benzoyl.  It  forms  brilliant  red 
crystals,  vezy  stable  and  capable  of  melting  without  decomposition.  It  is  insoluble  in 
water,  dissolves  slightly  in  boiling  alcohol,  with  yellow  colour,  which  is  darkened  but 
not  changed  to  violet  by  a  large  excess  of  hydro<^oric  add.  Dissolves  in  sulphuric 
acid  with  deep  blue  colour ;  is  nearly  insoluble  in  ether,  but  may  be  crystallised  from 
benzene  or  from  chloride  of  benzoyl  Dissolves,  with  orange  colour,  in  idcoholic  potash 
or  soda,  and  is  partially  decomposed  by  continued  boiling  with  potash  followed  by  the 
action  of  hydrochloric  acid. 

The  chlorides  of  acetyl  and  cumyl  appear  to  form  similar  products  with  azodinaph- 
thyl-diamine. 

0.  MEXAFHTHTLAjaNE,C^H*^',mayberegardedaflcyano-dinaphthyl-diamine 
(vid.  inf.). 

WAPBTRni-rOBMAMZBB.    C"H*NO   »  N.H(CHO)(C'«H').    See  FoRiiA. 
(ii.  681). 

rAFHTBmb-OXAJMCZ3>E8.     See  OxAiODE. 

K.    See  Phosfhaxidb. 


See  SULPHOCABBAHIDBS. 

k  a.  Casbodinaphthyl-tbiaminb.    Menaputhtla- 
C"" 
MKB.  C'ffW  -  (C'H'y^N*.  (Perkin,  Chem.  Soc  Qu.  J.  ix.  8.>— This  compound, 


which  may  also  be  regarded  as  cyano-dinaphthyl-diamine,  (C'^'H')^  ^  N*,  is  formed  as  a 
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hydrocblorate,  by  the  action  of  chloride  of  Gyaiiogen  on  naphthylamine  (2C**H'N  + 
CNCl  ^  C->H>'N*.nCl),  the  mode  of  formation  being  preciBely  analogous  to  that  of 
roelaniline,  or  carbo-diphenyl-triamine,  from  aniline.  1j>  prepare  it,  gaaeons  chloride 
of  cyanosen  ia  drawn  by  an  aspirator  through  a  number  of  ghua  tubes  partly  filled 
with  napbthylamine  which  is  kept  in  fusion  by  the  application  of  a  gentle  heat ;  the 
resulting  black  resinous  mass,  consisting  chiefly  of  hydrochlorate  of  menaphthylamine, 
is  boiled  with  a  laige  quantity  of  water ;  the  base  is  precipitated  from  the  solution  by 
ammonia  or  potash ;  and  the  precipitate  is  purified  by  wasning  with  water,  and  one  or 
two  ciystallisations  from  alcohol. 

Menaphthylamine  crystallises  in  small  white  needles,  having  a  bitter  taste,  but  no 
smellf  nearly  insoluble  in  watery  soluble  in  tdcohol  and  in  ether.  It  becomes  coloured 
in  the  air,  and  blues  reddened  litmus.  It  melts  at  about  200^,  and  decomposes  at  260^, 
givine  off  naphthylamine  and  leaving  a  brown  mass.  It  appears  to  form  neutral  com- 
pounds with  chlorine^  iodine  and  bromine,  Withfumifig  sulphuric  acid  it  first  forms  a 
sulphate,  but  on  heating  the  mixture,  it  liquefies  and  a  new  acid  is  produced  which 
forms  a  soluble  lead-salt. — Fuming  nitric  acid  acts  veiy  slowly  on  menaphthylamine^ 
forming  a  series  of  substitution-products.  ChronUo  acid  acts  but  slowly.  Uyanoaen 
t/at  passed  through  ether  in  which  menaphthylamine  is  suspended,  converts  it  into 
dicyanomenaphth^lamine. 

Menaphthylamine  unites  with  acids,  forming  salts  many  of  which  arc  amorphous  or  but 
slightly  crystalline.  They  are  but  sparingly  soluble  in  water,  and  neutral  to  litmus- 
paper.  They  are  precipitated  by  acids  and  by  saline  solutions ;  potash  and  ammonia 
added  to  their  solutions  precipitate  the  base  as  a  pure  white  powder. 

The  hydrochlorate,  C'H^'N'.HCl,  is  amorphous  and  very  soluble  in  alcohol  and 
ether.  The  chloroplatinate,  C"H"N*.HCl.PtCP,  is  deposited  from  alcoholic  solutions 
in  small  yellow  shining  scales.  The  chloro-aurate  is  a  blue  precipitate.  The  hydrio- 
date,  hydrohromate,  phosphate  and  nitrate  are  crystalline,  the  last  forming  small  white 
prisms,  and  dissolve  easily  in  alcohol  and  in  ether.  The  sulphate  is  amorphous,  and 
moderately  soluble  in  alcohol  and  in  ether. 

iS.  DicvAifo-MXNAPHTHTLAHnnL  CH^'N*  »  C*'H'*N».Cy*.— Ppoduced  as  above 
described  by  the  action  of  gaseous  chloride  of  (minogen  on  menaphthylamine  suspended 
in  ether.  It  is  pale  yellow,  crystallises  with  difficulty,  is  insoluble  in  water,  moderately 
soluble  in  alcohol  and  in  ether,  dissolves  easily  in  dilute  acids,  and  is  reprecipitated  by 
ammonia  if  added  immediately  afterwards ;  but  the  solution,  if  left  to  itself  for  only  a  few 
seconds,  becomes  turbid  and  deposits  cyanodinaphthyl-oxamide,  CH'^N'O'.  (P  e  r  k  i  n, 
loc.  cit.) 

ar AVUTH  V  Jb-mUBA.    Syn.  with  Nafhthtl-cabbamidb. 

JSAWImBB  TBIAO'Vr*  A  basic  antimonate  of  lead  used  in  oil-painting.  (See 
Antixonatbs,  i.  326.) 

M-AVOXilSOirZTS.    Syn.  with  orthodase.     (See  Fblspab,  \l  619.) 

WASCmnra.  C»H»NO».  (Pelletier,  Ann.  Ch.  Phys.  1.  262.— Couerbe,  ibid. 
lix.  151. — ^Anderson,  Edinb.  PhiL  Trans,  xx.  Pt.  3,  p.  347.) — ^An  alkaloid  con- 
tained in  opium.  To  prepare  it,  the  aqueous  extract  of  opium,  from  which  morphine 
has  been  separated  by  Oregor/s  process  (iii.  1051),  is  mixed  with  ammonia,  which 
throws  down  narcotine,  thebaiue,  and  a  resinous  body.  The  liquid  is  filtered  and 
mixed  with  acetate  of  lead ;  and  the  filtrate,  after  being  freed  from  excess  of  lead  by 
sulphuric  acid,  is  neutralised  with  ammonia  and  evaporated  till  it  becomes  covered 
with  a  pellicle.  It  then  on  cooling  deposits  a  crystalline  mass,  the  quantity  of 
which  increases  by  repose.  This  mass  is  washed  on  a  linen  filter  with  cold  water,  and 
then  dissolved  in  boiling  water,  which  on  cooline  deposits  crystals  of  narceine. 

Ntirceine  thus  obtain^  sometimes  contains  sulphate  of  calcium ;  it  may  be  purified 
by  dissolving  in  alcohol,  decolorising  with  animal  charcoal,  and  reciystallising  from 
water. 

Narceine  crystallises  in  elongated  silky  needles.  It  is  inodorous,  has  a  bitter  and 
styptic  taste,  dissolves  sparingly  in  cold,  more  readily  in  boiling  foa^^,is  very  soluble  in 
alcohol,  but  insoluble  in  ether.  The  solutions  of  narceine  slightly  defiect  the  plane  of 
polarisation  of  a  luminous  ray  to  the  left ;  [o]  ■■  —  6*67^. 

Narceine  melts  at  92°,  and  solidifies  in  a  crystalline  nmss  on  cooling.  It  turns 
yellow  at  110^,  and  decomposes  at  higher  temperatures.  It  is  violently  attacked  by 
chlorine  and  hromine,  yielding  veiy  complex  products.  Iodine  forms  with  narceine  a 
dark  blue  compound  which  is  decomposed  by  boiling  water. 

Potash,  soda  and  amnumia  dissolve  narceine,  which,  on  concentrating  the  solutions, 
is  deposited  in  the  form  of  an  oily  liquid. 

Strong  mineral  acids  act  powerfully  on  narceine  and  decompose  it ;  the  same  acids 
when  dilute  combine  with  it  and  form  salts. 

The  sulphate  forms  tufts  of  needles  much  resembling  the  free  base.     It  is  sparingly 
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■oluble  in  boiling  water.   The  nitrci  separatee  from  a  hot  solution  in  radiating  groups 
of  crystals,  sparingly  soluble  in  cold  water. 

The  J^roohlarate,  G»H»N0*.HC1  (at  100^)  crystallises  sometimes  in  concentrically 
grouped  needles,  sometimes  in  short  irrecular  prisms.  The  oystals  are  yeiy  soluble  in 
water  and  alcohol,  and  have  an  acid  reaction.  The  chhroplatinate^  G*^^0'.HCLPtCl* 
(at  lOO^X  gradually  separates  on  adding  platinic  chloride  to  hydrochlorat^  of  narceine, 
as  acrystalline  powder,  or  in  small  prismatic  crystals  (analysis,  41 '0  per  cent  C,  4*6  H, 
and  14-33— 14-76  Pt;  calc.  41  2  C,  4-6  H  and  147  Pt), 

IKAMMSWmXMk  An  alkaloid  produced  by  the  action  of  sulphuric  add  and  peroxide 
of  lead  on  narcotine.  It  is  dissolyed  by  strong  sulphuric  acid  with  a  fine  red  colour,  and 
by  nitric  acid  with  a  fine  yellow  colour.  By  the  prolonged  action  of  the  oxidising 
mixture  it  appears  to  be  converted  into  opianic  acid.  (Marc hand,  Berz.  Jahresber. 
XXV.  607.) 

V  ABOXTUI JL  A  substance  possessing  emetic  properties,  contained  in  the  white 
nardasns.    (Jourdain,  B^p.  Pharm.  [2]  xxi  888.) 

WASOOOBVXn.  When  a  solution  of  narcotine  in  hydrochloric  acid  is  boiled 
with  platinic  chloride,  the  product  generally  formed  is  chloroplatinate  of  cotamine. 
Sometimes  however  another  platinum-salt  is  formed,  crystallising  in  long  light  yellow 
needles.  This  salt  is  supposed  by  Blyth  (Ann.  Oh.  Pharm.  L  29)  to  £b  the  chloro- 
platinate of  a  distinct  alkuoi'd,  narcogewme.  As  however  this  salt  is  decomposed  by 
ammonia  into  chloroplatinate  of  narcotine  which  is  precipitated,  and  chloroplatinate 
of  cotamine  which  remains  dissolved,  it  is  probably  merely  a  double  salt  composed  of 
the  chloroplatinates  of  narcotine  and  cotamine. 

COTBm.    Syn.  with  Nabcbtikb. 

ACZB.    An  acid  said  to  be  formed  by  boiling  narcotine  with 
potash.    It  appears  to  difi!er  from  narcotine  only  by  the  elements  of  water  (p.  27). 

WABCOTZHa.  G"H»NO'.  (Derosne,  Ann.  Chim.  xlv.  267;  Robiouet^  Ano. 
Gh.  Phys.  V.  276;  Dumas  and  Pelletier,  ibid.  xxiv.  188;  Pelletier,  ibid.  1.  269; 
Liebig,  Ann.  Ch.  Pharm.  vi.  36;  R.  Brandes,  t6«2.  il274;  Couerbe,  Ann.  Oh. 
Phys.  lix.  159 ;  Regnaul^  ibid,  Ixviii.  137  ;  Wohler,  Ann.  Ch.  Pharm.  L  1 ;  Blyth, 
t6f^.  L29;  Wertheim,  t6t<f .  Ixx.  71;  Ixxiii.  208;  Anderson,  ibid,  Ixxxvi.  179; 
Hattheissen  and  Foster,  Phil.  Trans.  1863,  p.  346 ;  Chem.Soc.  J.  xvi.  842.— Gm. 
xvi  136 ;  Gerh.  iv.  67.) — ^This  alkaloid  is  contained  in  opium  to  the  amount  of  6  or  8 
per  cent,  and  was  the  first  base  extracted  from  that  substance.  It  was  discovered  by 
Derosnein  1804,  and  went  by  the  name  of  8el  de  Derome,  till  its  basic  character 
was  demonstrated  by  Robiquet  in  1807. 

Preparation. — 1.  From  the  coloured  unciystallisable  mother-liquors  obtained  in  the 
preparation  of  morphine  by  Gregory's  process  (iii  1051).  These  mother-liquors  are 
diluted  with  water,  filtered  if  necessary,  and  treated  with  ammonia  as  long  as  a  precipi- 
tate continues  to  form ;  and  the  precipitate  is  collected  on  a  doth  filter  and  pressed. 
It  is  granular  at  first,  but  becomes  resinous  if  left  under  the  press  too  long.  It  should 
therefore  be  quickly  removed,  suspended  in  water,  and  pressed  again,  the  treatment  being 
repeated  several  times.  The  precipitate  contains  narcotine  together  with  a  considerable 
quantity  of  resin  and  a  little  thebaine ;  the  mothe>liquor  contains  narceine  and  mav 
be  used  for  preparing  that  base.  A  portion  of  Uie  precipitate  is  now  to  be  boiled  with 
rectified  spirit  and  the  solution  filtered  hot ;  on  cooling  it  deposits  strongly  coloured 
crystals  of  narcotine,  which  are  collected  on  a  cloth,  pressed,  and  washed  with  a  little 
aloohoL  The  mother-liquor  of  these  crystals  serves  to  dissolve  another  portion  of  the 
precipitate,  and  in  this  manner  the  process  is  continued  till  the  whole  is  dissolved.  The 
impure  crystals  of  narcotine  are  next  rinsed  with  strong  potash-ley,  washed  with  water, 
and  crystallised  from  boiling  alcohoL  The  alcoholic  liquor  from  which  the  first  highly 
coloured  crystals  of  narcotine  were  deposited,  contains  much  resin,  a  little  narcotine  and 
all  the  thebaine  of  the  opium,  and  may  be  used  for  the  preparation  of  that  alkaloid. 
(Anderson.) 

2.  Narcotine  may  be  extracted  directly  from  opium  by  treating  that  substance  with 
ether.    The  solution  left  to  evaporate  deposits  narcotine  in  the  crystallised  state. 

ProperUeB, — Narcotine  crystallises  in  right  rhombic  prisms  or  in  needles  grouped  in 
bundles^  flattened,  colourless,  transparent  and  lustrous.  It  melts  at  170^  and  solidifies 
again  at  130^,  in  the  crystalline  or  amorphous  state,  according  as  the  cooling  is  slow  or 

rapid.  It  is  insoluble  in  cold  water;  boiling  water  dissolves  ^^  of  it.  Alcohol  and 
ether  dissohe  it,  but  not  ym  freely.  According  to  Duflos,  it  dissolves  in  100  pts. 
cold  and  20  pts.  boiling  alcohol  of  86  jjer  cent.,  in  126  pts.  cold  and  48  pts.  boiling 
ether  of  specific  gravity  0*736.  The  solutions  are  bitter  and  destitute  of  alkaline  reaction. 
Narcotine  dissolves  in  2-6  pts.  chloroform  (Pettenkofer),  in  60  pts.  acetic  ether 
(Henry),  also  in  oUe^  both  fixed  and  volatile. 
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The  alcoholic  or  ethereal  solataon  of  narcotine  deflects  the  plane  of  polarisation  of  a 
luminous  ray  strongly  to  the  left ;  [a]  a  —  130^  b'  nearly.  Adds  modify  the  rotatory 
power  considerably,  altering  the  deviation  from  left  to  right.  (Bouchard at,  Ann. 
Ch.  Phys.  [3]  ix.  213.) 

Narcotine  is  not  dissolved  by  caustic 'po^osA  or  ammonia.  Its  solutions  do  not  pro- 
duce a  blue  colour  with  ferric  saltSy  a  character  which  serves  to  distinguish  it  from 
morphine.     (See  also  the  reactions  with  Sulphuric  and  Nitric  Acids,  infra.) 

Narcotine  acts  as  a  narcotic  poison,  though  not  so  powerfully  as  morphine;  1*5  grm. 

of  it  is  sufficient  to  kill  a  dog  in  a  very  short  time. 

Narcotine  contains : 

Matthletten 
Calculated.  Liebig.       Pelleiier.      Regnault.    Hofknmnn.     and  Foster. 

Mean. 

C»  264  63-92  64*09  6391  6425  64',53  6379 

H"  23  6  57  6-60  6-^6  596  6-21  5-81 

N  14  3*39  2-51  4*31  3-49  3*30  3*32 

0'  112  27*12  27-90  2633  2630  2596  2708 


C"H»NO'    413       10000       100*00       100*00       100*00       10000       100*00 

The  composition  of  narcotine  was  first  determined,  to  the  general  satisfaction  of 
chefnists,  by  Blyth,  who  in  1844  proposed  the  formula  C^IP*NO^* or  C»H*»NO',  sup- 
porting it  by  numerous  analyses  of  the  cbloroplatinate,  and  showing  at  the  same  time 
that  it  accorded  well  with  the  most  trustworthy  results  of  previous  investigations,  and 
accounted  satisfactorily  for  the  most  important  transformations  of  narcotine,  especially 
its  resolution  under  the  influence  of  oxidising  agents,  intoopianic  acid  (C'"H'*0*)  and  co- 
tamine  (then  regarded  as  C'H'^NO').  Accordingly  Blyth  s  formula  was  for  a  long  time 
regarded  as  expressing  correctly  the  composition  of  narcotine.  Wertheim,  however, 
in  1851 — ^founding  his  opinion  chiefly  on  the  composition  of  the  volatile  bases  obtained 
by  distilling  narcotine  with  potash,  some  specimens,  according  to  his  observations, 
yielding  methylamine,  some  ethylamine,  and  others  tritylamine — ^maintained  the  exis- 
tence of  two  additional  varieties  of  narcotine  homologous  with  that  examined  by 
Blyth,  and  represented  respectively  by  the  fonnuliB  C«H»NO»  and  C**H"NO';  while 
Hinterberger  (Ann.  Gh.  Pharm.  Ixxxii.  812)  analysed  a  compound  of  mercuric 
chloride  with  what  he  considered  a  fourth  variety  still  homologous  with  the  preceding, 
and  represented  by  the  formula  G^'H^'NO'.  Matthiessen  and  F o s t e r,  on  the  other 
hand,  found  that  six  samples  of  narcotine  prepared  from  different  kinds  of  opium,  Tur- 
kish, Egyptian,  and  Persian,  yielded  results  agreeing  veiy  nearly  with  the  formula  above 
given,  the  difference  between  the  highest  and  lowest  quantities  of  carbon  in  the  analyses 
amounting  to  only  0*63  per  cent  Hence  they  conclude  that  there  is  no  sufficient  evi- 
dence for  the  existence  of  more  than  one  kind  of  narcotine,  and  that  it  is  more  probable 
that  one  and  the  same  narcotine  (since  when  distilled  with  hydriodic  acid,  it  yields 
3  at.  iodide  of  methjl,  p.  27)  may  yield,  by  distillation  with  potash,  sometimes  methyl- 
amine, sometimes  dimethylamine,  and  sometimes  trimethylamine,  which  last  appears 
to  have  been  mistaken  by  Wertheim  for  its  isomer,  tritylamine. 

Decompositions. — 1.  Narcotine  becomes  coloured  when  heated  a  few  degrees  above 
its  melting  point.  At  220^  it  swells  up,  gives  off  ammonia,  and  leaves  humopic  acid. 
Heated  to  200°  with  water  in  a  sealed  tube,  it  dissolves,  forming  a  reddish  veiy  bitter 
liquid. 

2.  Qttong  sulphuric  acid  dissolves  it,  forming  a  yellow  liquid  which  turns  brown 
when  heated.  According  to  A.  Husemann  (Ann.  Ch.  Pharm.  cxxviii.  305;  B^p. 
Chim.  pure,  1863,  p.  284),  narcotine  added  to  cold  sulphuric  acid,  colours  it  bluish- 
violet  or  yellow,  which,  if  the  liquid  be  gently  heated,  changes  to  orange-red,  then  to 
violet-blue  at  the  edge  of  the  basin,  and  lastly  to  violet-rea.  This  reaction  is  very 
distinct,  if  the  sulphuric  acid  contains  1  pt.  in  2,000  of  narcotine ;  and  even  if  it  con- 
tains only  1  pt.  in  40,000,  a  slight  carmine  colour  is  still  perceptible,  passing  into  vio- 
let-red.— A  solution  of  narcotine  in  cold  sulphuric  acid  becomes  i^dish-yellow  on 
addition  of  nitric  acid.  With  hypochlorite  of  sodium  the  same  colour  is  produced,  but 
preceded  by  a  carmine  tint.  If  Uie  solution  has  been  heated,  both  reagents  immediately 
produce  a  light  yellow  colour,  becoming  slightly  reddish  after  a  while. — ^A  solution  of 
narcotine  in  sulphuric  acid  previously  heated,  acquires  on  addition  ot  ferric  chloride 
a  dark  red  colour,  changing  to  cherry-red,  which  lasts  for  24  hours  (compare  Reactions 
of  Morphine^  iii.  1052).  Dilute  sulphuric  with  the' aid  of  heat,  transforms  it  into  a 
green  substance,  sulphonarcotide,  containing  the  elements  of  neutral  sulphate  of 
narcotine  minus  2  at.  water. 

3.  Chlorine  gas  attacks  narcotine,  especially  at  100°,  converting  it  into  an  amorphous 
substance  which  has  not  been  analysed. 

4.  In  bromine- vapour f  narcotine  is  coloured  orange-yellow;  in  iodine-vapour^  brown- 
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yellow ;  in  vapour  of  chloride  of  iodine^  Yermillion-red  to  yellow  (Donn^).    The  salts 
of  narcotine  are  not  coloured  by  aqueous  iodic  acid. 

6.  Narcotine  distilled  with  concentrated  kydriodic  acid  gives  off  iodide  of  methyl, 
in  the  proportion  of  3  at  CH'I  to  1  at.  narcotine.    (Matthiessen  and  Foster.) 

6.  According  to  unpublished  experiments  by  Matthiessen  and  Foster,  narcotine  yields 
large  quantities  of  chloride  of  methyl  when  heated  to  abont  110^  with  strong  aqueous 
kydrochloric  add.  The  resulting  solution  contains  an  alkaloid  which  differs  from  nar- 
cotine in  being  perceptibly  soluble  in  hot  water,  from  which  it  separates  on  cooling  as 
a  ciystalline  precipitate,  and  by  its  ready  solubility  in  solutions  of  the  alkalis  or  alkaline 
carbonates.  The  composition  of  this  product  is  not  yet  ascertained  with  certainty,  but 
several  analyses  seem  to  point  to  the  formula  C^'H^^NO^  »  C^H^^O*  +  3HC1  - 
8CRHJL 

7.  Kareotine  is  not  dissolved  or  decomposed  by  dilute  aqtieou8  potash,  even  at  the 
boiling  heat,  but  when  boiled  for  some  time  with  strong  potash-ley,  it  forms  a  bitter, 
soluble,  oily  substance  which  appears  to  be  the  potassium-salt  of  a  peculiar  add  (nar' 
cotic  acid).  An  alcoholic  solution  of  potash  dissolves  narcotine  in  such  quantity  as  to 
ibim  a  semi-solid  mass.  The  acid  contained  in  this  potassium-salt  cannot,  however,  be 
isolated ;  on  passing  carbonic  acid  gas  into  the  alcoholic  solution,  a  transparent  jelly  is 
gradually  formed,  which,  when  washed  with  alcohol  and  suspended  in  water,  leaves 
crystals  of  narcotine.  Hence  narcotic  acid  appears  to  differ  from  narcotine  only  by  the 
elements  of  water. 

8.  Narcotine  heated  to  200° — 220°  with  hydrate  of  potasnum  or  sodium^  gives  off  a 
volatile  base,  which,  according  to  the  circumstances  of  me  experiment^  is  either  methyl- 
amine,  dimethylamine,  or  trimethylamine.  According  to  Hofmann  (Ann.  Ch.  Pharm. 
Ixxv.  367),  the  products  vary  according  to  the  proportion  of  the  narcotine  and  hydrate 
of  potassium,  an  oily  alkali  boiling  at  a  much  higher  temperature  usually  floating  on  the 
BU^hce  of  the  trimethylamine. 

9.  Dilute  nitric  acid  dissolves  narcotine  at  ordinary  temperatures  without  decompo- 
sition ;  but  on  heating  the  solution  to  50^,  it  deposits  crystalline  flocks  of  teropiammone, 
the  solution  retaining  meconin,  opianic  acid,  hemipinic  acid,  and  ootamine,  the  pro- 
portions of  these  products  varying  with  the  degree  of  dilution  of  the  nitric  acid.  In 
this  reaction,  the  opianic  acid  and  cotamine  must  be  regarded  as  primary,  the  other 
substances  as  secondary  products : 

C«*H"NO»     +     O     =     C»ff«0»     +     C'*H»«NO» 

Narcotine.  OpUnlc  acid.  Cotamine. 

The  meconin  might  also  be  supposed  to  be  formed  by  the  breaking  up  of  the  narco- 
tine, tJius : 

C«*H«NO»     -     C"ff»0*     +     C»*H>«NO« 
Narcotine.  Heooaio.  CotaraUie. 

or  at  the  expense  of  the  opianic  acid : 

2C>»HW0*     «     C»«H"CH     +     C"H"0« 
Opianic  acid.  Meconin.  Hemipinic  acid. 

The  hemipinic  acid  may  also  be  formed  by  farther  oxidation  of  the  opianic  add. 

Strong  nitric  acid  acts  violently  upon  narcotine,  giving  off  copious  red  fumes,  and 
forming  a  thick  red  resinous  matter.  Gerhardt  found  that  when  narcotine  is  gently 
heated  with  strong  nitric  add,  no  red  vapours  are  evolved,  but  an  inflammable  gas, 
probabhr  nitrate  of  methyl. 

10.  When  a  solution  of  narcotine  in  hydrochloric  acid  is  boiled  with  plaiinic  ehtoride, 
the  narcotine  is  resolved  into  ootamine  and  opianic  add,  the  platinic  chloride  bdng  at 
the  same  time  reduced  to  platinous  diloride : 

C«H«NO»  +  H«0  +  2Pta»  -  C>«H>«NO»  +  C'«H»«0»  +  2PtCl  +  2Ha 

Narcotine.  Cotarnioe.       Opianic  acid. 

11.  The  same  products  are  formed  by  the  action  of  a  mixture  of  peroxide  of  man^ 
ganese  and  eulphuric  acid  (Wohler).  On  one  occasion  Wohler  obtained  also 
apophyllic  acid  (i.  350) ;  and  by  heating  narcotine  with  peroxide  of  lead  alone,  or 
with  peroxide  of  manganese  and  nydrochK)ric  acid,  hemipinic  acid  (iii.  141)  was  pro- 
duced A  solution  of  sulphate  of  narcotine,  boiled  with  peroxide  of  lead  and  etdphurio 
OCTi^  added  drop  by  drop,  forms  narcetine  or  narcote'ine.  (£.  Marchand :  see  p.  25.) 

12.  Narcotine  does  not  reduce  ^mtcyanu^  of  potassium  in  alkaline  solution,  and  is 
thereby  distinguished  from  morphine,  which  reduces  the  red  to  the  yellow  prussiate 
(£i  offer,  Ann.  Ch.  Fharm.  ciii.  277).  When  heated  with  absolute  alcohol  and  iodide 
of  ethyl,  it  is  partially  converted  into  hydriodat«^,  but  does  not  yield  any  substitution- 
product  (How,  Ann.  Ch.  Pharm.  xcii.  327.) 


i28  NASTURAN— NATROCALCITE. 

Salts  of  Najux>tikb.  Narcotme  dissolves  in  acids,  but  the  solutions  have  little 
stability,  depositing  the  greater  part  of  the  narcotine  on  evaporation  and  often  on 
addition  of  water.  Many  of  them  are  soluble  in  alcohol  and  in  ether.  They  are 
bitter,  and  redden  litmus.  Mixed  with  tartaric  acid,  and  then  supersaturated  with  an 
alkaline  bicarbonate,  they  immediately  yield  a  white  pulverulent  precipitate.  Sulpho' 
ct/anate  of  potassium  produces  in  solutions  of  narcotine,  a  deep  red  precipitate,  even  if 
the  quantity  of  narcotine  present  is  extremely  small ;  the  precipitate  is  soluble  in  a 
slight  excess  of  the  sulphocyanate.     (Oppermann,  Compt.  rend.  xzi.  811.) 

Narcotine- salts  give  no  precipitate  with  fittomlicie  alcohol  Hii.  1064) ;  wi^  phospho' 
molybdic  acid,  they  yield  a  brownish-yellow  flocculent  precipitate ;  with  phoaphanti' 
monic  acid,  a  white  flocculent  precipitate. 

Acetate  of  Narcotine.  Very  unstable,  the  solution  prepared  in  the  cold, 
depositing  narcotine  when  evaporated.  This  property  may  be  made  available  for 
separating  narcotine  from  morphine,  the  acetate  of  which  is  not  decomposed  by 
evaporation.  Basic  acetate  of  lead  likewise  precipitates  narcotine  fi!om  its  solution  in 
acetic  acid. 

Chlorhydrate  or  Hydrochlorate, — ^Veiy  soluble  in  water.  Ctystallises  in 
needles  from  its  alcoholic  solution  on  cooling;  or  from  the  aqueous  solution  evaporated 
to  a  syrup,  and  left  for  some  time  in  a  warm  chamber.  According  to  liebig,  100  pts. 
narcotine  absorb  9*52  pts.  of  dry  hydrochloric  add. 

When  a  stronff  add  solution  of  hvdrochlorate  of  narcotine  is  poured  into  water,  a 
semi-fluid  precipitate  is  produced  which  graduallv  solidifies,  and  is  soluble  either  in  a 
a  larger  quanti^  of  water  or  in  hydrochloric  add.  L  similar  precij^itate  is  formed  on 
gradually  adding  an  alkali  to  a  solution  of  hydrochlorate  of  narcotine.  This  predpi- 
tate  contains  hydrochloric  add,  and  is  perhaps  a  basic  hydrochlorate  of  narcotine. 
(Matthiessen  and  Foster.) 

Chloromercurate,  C«H"NQMICLHgCl  (?)  White  predpitete,  which  when 
dried  over  the  water-bath,  and  then  dissolv^  in  a  mixture  of  alcohol  and  hydrochloric 
acid,  deposits  small  crystals,  containing,  according  to  Hinterberger  (Ann.  Ch. 
Pharm.  Ixxxii.  311),  43*64  p.  c.  C,  3*90  H,  and  1802  Hg.  The  formula  above  given 
requires  45*1  C,  4*7  H,  and  17  Hg,  numbers  which  do  not  agree  very  well  with  the 
analysis ;  Hinterberger  assigns  to  the  salt  the  formula  C^H'^NO'.HCLHgCl,  supposing 
it  to  contain  a  narcotine  different  from  ordinary  narcotine  (see  p.  26). 

CA /o  r  0  J?  /  a  <«  n  fl  <  e,  C«H"NO'.HCl.PtCP.— Obtained  by  predpitating  hydrochlorate 
of  narcotine  with  platinic  chloride^  taking  care  not  to  add  an  excess  of  the  latter. 
It  separates  in  yellow  flocks  or  as  a  yellow  ciystalline  predpitate  containing  15*80  per 
cent,  platinum  (Blyth),  15*95—16*72  (Wertheim),  16-89  (RegnaultX  16*88(HowX 
the  above  formula  requiring  15*99  per  cent. 

lodomereurate. — lodomercurate  of  potassium  throws  down  from  hydrochlorate  of 
narcotine,  a  yellowish-white  powder  containing  2  at  mercuiy  (Hg  »  100)  and  3  at. 
iodine  to  1  at.  narcotine.    (Groves,  Chem.  Soc.  Qu.  J.  xi.  97.) 

PA  0  «p  A  a  ^  e  o/ n  a  r  c  0  ^  i  n  e  is  a  turpentine-like  mass  containing  ay stals  (B  r  a  n  d  e  s). 

Sulphate. — A  solution  of  narcotine  in  dilute  sulphuric  add  yidds  by  evaporation 
a  viscid  substance  which  gradually  hardens ;  it  dissolves  in  water  without  decomposi- 
tion. 

Sulphonarcotide,  C"H**N*SO"  (?)  is  a  product  of  the  decomposition  of  sulphate 
of  narcotine  (p.  26).    When  narcotine  moistened  with  water  is  heated  with  dilute  i 

sulphuric  add,  a  solution  is  obtained  which,  when  more  strongly  heated,  assumes  a 
danc-green  colour  and  ultimately  thickens.    No  gas  is  evolved.  On  diluting  with  water 
and  boiling,  nearly  the  whole  dissolves,  and  the  liquid  on  cooling  deposits  an  amor- 
phous powder  of  a  deep  green  colour.    It  appears  to  contain  the  elements  of  neutral  J 
sulphate  of  narcotine  minus  2  at  water :                                                                                          I 

C«H*<N»SO»«  -  2C«H"N0'.H*S0*  -  2H»0 

It  gave  by  analysis  59*1  per  cent  C,  5*3  H,  and  3*6  S,  the  formula  requiring  59*6  C, 
5*0  H,  and  3*6  S. 

Sulphonarcotide  is  not  attadced  by  ammonia.  It  dissolves  in  potash,  forming  a  brown  > 

liquid  from  which  acids  repredpitate  it  with  green  colour.    Boiled  with  nitric  acid,  it  | 

yields  sulphuric  acid  and  a  yellow  substance  soluble  in  ammonia.     (Laurent  and  > 

Gerhardt,  Ann.  Ch.  Phys.  [3]  xxiv.  112.) 

Syn.  with  Pitchblende. 
Syn.  with  Sodiuh. 


Impure  carbonate  of  calcium,  occurring  at  Sangershausen 
in  pseudomorphs  after  Gay-Lussite.  M  a  r  c  h  a  n  d  ( J.  pr.  OhenL  xlvi.  95)  found  in  these 
crystals  94*37  caldc  carbonate,  1*15  alumina  and  ferric  oxide,  2*02  caldc  sulphate,  1*10 
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day,  and  1'34  water  (s  99*98).    A  variety  containing  barytic  sulphate  has  been 
called  neoiype  by  Breithanpt.    Sp.  gr.  »  2-82— 2*88. 


SotUMnesotype.  Feather  eeolite.  Varieties :  Bergmannite  {Spreu* 
sUin),  Lekuntite,  Bretneite, — Tbas  mineral  forms  trimetric  prisms  with  pyramidal 
summits,  exhibiting  the  combination  ooP  .P.J  P  ;  also  with  Poo .  Batio  of  axes, 
a\hi  c  a  0*7165  :  1  :  1*0176.  Angle  ooP  :  ooP  »  91^.  Cleayage  perfect  parallel 
to  oDp.  The  oystals  are  usually  slender,  often  acicular,  frequently  interlacing,  diver- 
gent^ or  stellate.  It  also  occurs  fibrous,  radiating,  and  massive.  Hardness  =  5  to  5*5. 
Sp.  gr.  »  2*17  to  2*24.  Transparent  to  translucent  Lustre  vitreous.  Colourless,  grey, 
yeLow,  sometimes  red  orpale  green.     Streak  white.    Fracture  conchoidal.     Brittle. 

Analyses:  a.  From  Hohentwiel  in  the  Hogau  (Klaproth,  Beitr'dge^  v.  44).^> 
h.  Auveigne:  aystallised  (Fuchs,  Schw.  J.  viii.  353). — c.  Tyrol:  massive,  fibrous, 
reddish-white  (Fnchs,  ibid.). — d,  Trezza,  near  Aci  Castello  in  Sicily:  white,  spherical 
eonoentrically  fibrous  masses  ^S.  v.  Waltershausen,  Vulkanische  Gesteine,  p.  269). — 
e.  Brevig  in  South  Norway:  the  so-called  Brevicite:  crystallised,  according  to  G.  Rose, 
in  the  fwm  of  natrolite  (Scheerer,  Pogg.  Ann.  Ixv.  276 ;  bcxxix.  26 ;  cviii  4,  6). — 
/.  Berffmannite,  from  Brevig:  reddish-white  (Scheerer). — g.  Radioliief  from  Brevig 
(Scheerer). — h,  LehuntUe  from  Antrim  in  Ireland  (Thomson,  Mineralogy^  i.  338). 
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The  analyser  a— ^  may  be  represenedb^  the  formula  Na*O.Al<0'.3SiO*.2H*0,  which 
is  that  of  a  hydrated  soda-labradorite  (iii.  450) ;  if  the  water  be  regarded  as  basic,  it 

may  be  reduced  to  that  of  an  orthosilicate  (Ka3All^«)Si*0i<.  Lehuntite  (A),  so  far 
as  the  analysiB  can  be  depended  npon,  appewn  to  be  the  same  with  1  at.  water  addi- 
taonaL 

An  iroH'^uUrolite  having  the  alumina  partly  replaced  by  ferric  oxide,  and  the  soda 
hj  ferrous  and  manganous  oxides,  occurs,  together  with  brevicite,  at  Brevig  in 
Norway,  in  dull  green,  opaqne,  prismatic  crystals  and  semi-crystalline  plates  containing 
46*54  per  cent,  smca,  18*94  alumina,  7*48  ferric  oxide,  14*04  soda  with  a  little  potash, 
2*40  ferrons  oxide,  0*55  manganous  oxide,  and  9-37  water. 

Natrolite  occurs  in  cavities  in  amygdalo'idal  trap,  basalt,  and  other  allied  rocks ;  also 
in  seams  in  granite  or  gneiss.    It  is  sometimes  altered  to  prehnite. 


r.  Native  carbonate  of  sodium,  Na'CO'.lOH'O  (see  Cabbonatis,  i.  794). 
Natron  is  also  the  German  name  fbr  soda. 


Syn.  with  Oijooculsb* 
Native  selenide  of  silver  (see  Silver). 

The  sweet  juice  which  collects  in  the  nectaries  or  discs  of  various 
flowers.    It  appears  to  be  chiefly  a  solution  of  cane-sugar  and  uncrystaUisable  sugar. 

M  aMI>XB"OBBi     Native  sulp^de  of  bismuth,  lead,  and  copper  (see  AciOTrun^ 
i.  37). 

A  variety  of  Arragonite. 

ITOn.    See  Scolbcitb. 

Syn.  with  NBPHELDr(p.  30). 
Syn.  with  Brucite  (i.  684). 

•    See  SooBODiTB. 

A  mineral  occurring  in  mines  at  Arendal  and  Eisenach,  in  stellate 
nouns  of  silky  fibres,  also  massive,  with  green  colour  and  silky  or  earthy  lustre. 
Hardness  »  1  to  2.  Specific  gravity  -  2-77  (perfectly  dried).  The  following 
analyses  are  by  Scheerer  (Pogg.  Ann.  Ixxi.  285): 

SiO>.       AHO*.       MgSO.     Fe<0.      Mn^O.      Ca<0.       II>0. 

1.  Arendal       52*28        7'3S      31-24      3*79      089      028      404     «    99-85 

2.  „  47*35       10*27       24-73       792      2-64       .     .      628     -    9919 
3w  Eisenach      51-25        9'32      29  92      080       .     .       1-92      «-60     -    99*71 
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The  mineral  may  be  regarded  as  a  mixture  of  the  isomorphons  compounds 
6R«O.SSiO«.2H*0  and  6RK).4AI1«0».2H*0,  the  alumina  and  eihca  replacing  one 
another  in  the  proportion  of  2AM*G*  to  3SiO*  (see  iii  433). 

Neolite  is  a  recent  formation  produced  by  the  agency  of  infiltrating  waters  passing 
over  rodcs  containing  magnesia. 

WMOVIUkMMm  Native  ferroso-ferric  sulphate  found  at  Fahlun  in  Sweden :  syn. 
with  BoTBToaBN  (i.  651). 


A  black  or  brown-black  amorphous  mineral,  occuring  at  Gas- 
bole  in  Finland,  and  apparently  produced  by  the  weathering  of  other  minerals.  Con- 
tains, according  to  Igelstrom,  36*69  per  cent,  silica,  26*08  ferric  oxide,  24*12  manganic 
oxide,  0*40  alumina,  2*90  magnesia,  0*66  lime,  and  10*37  water  («>  99*11).  When 
heated  before  the  blowpipe,  it  gives  off  water,  but  does  not  fuse.  (Bammelsberg's 
MineraUhemiet  p.  864.) 


A  variety  of  natrocaldte  containing  baryta  (p.  28). 

Sonwiite,  Cavolinite,  Beudanite, — Elaolite^  FetUtdn,  Pierre 
arasse,  A  silicate  occurring  in  prisms  belon^ng  to  the  hexagonal  system,  and  exhibit- 
ing the  combination  oo  P  .  oP  .  P  (fig.  240,  ii.  139),  mostly  however  without  P ;  oco^ 
sionally  also  with  the  faces  ooP2,  odP|,  and  others.  For  P,  the  length  of  the  vertical 
axis  is  0*8376.  AngleP:  Pin  the  terminal  edges  -[139^'  19';  in  the  lateral  edges  »  88°  6'. 
Cleavaffe  imperfect  parallel  to  oP  and  ooP.    Also  massive,  compact^  and  thin  columnar. 

Hardness  ^  6*6  to  6.  Specific  gravity  2*6  to  2*64.  Lustre  vitreous  to  greasy. 
Colourless,  white,  or  yellowish ;  the  massive  varieties  also  dark  green,  greenish  or 
bluish-grey,  brownish  and  brick-red.  Transparent  to  opaque.  Fracture  subconcho'idal. 
Brittle. 

The  name  nephelin  includes  the  colourless  crystallised  varieties ;  daolite,  the  coarse 
massive  varieties,  with  a  greasy  lustre. 

Before  the  blow-pipe,  nephelin  melts  with  difficulty  to  a  vesicular  glass ;  elseoUte 
easily.  Both  dissolve  slowh^  in  borax,  and  give  with  cobalt-solution  a  greyish-blue 
colour  on  the  fused  edge,    both  gelatinise  easily  in  acids. 

Analyses. — 1.  Of  Kephelin.  a.  From  Vesuvius  (Scheerer,  Pogg.  Ann.  xlvL  291 ; 
xlix.  369).—^.  From  the  dolerite  of  the  Katzenbuckel  in  the  Odenwald  (Scheerer, 
loc.  cit), — c.  From  Lobau  in  the  Lausits  (Heidepriem,  J.  pr.  ChenL  1.  600). 

2.  Of  £  leeoli  te.— a.  From  Fredriksvam  in  Norway  (Scheerer,  loe.  cit.). — 6.  Brevig 
in  Norway  (Scheerer). — c.  Miask  in  the  Ural  (Scheerer). — d.  Magnet  Cove,  Arkan- 
sas (Smith  and  Brush,  Sill  Am.  J.  [2]  xvi.  366): 
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Scheerer  found  also  a  trace  of  sulphuric  acid  in  nephelin ;  Bromeis  found  a  trace  of 
chlorine. 
The   preceding  analyses    lead  to  the  formula  4M«0.3SiO«  +  2(2AlH)».3SiO»)    = 

^iAll"M'0'\  or,  as    most  of  the  analyses  give  1  atom  potash  to  8  atoms   soda, 

S?All«(}KiNa)«0".    The  quantity  of  lime  is  variable  and  insipiflcant. 

Nephelin  occurs  in  oTBtals  in  the  older  lavas  of  Vesuvius,  with  mica,  idocrase,  &c. ; 
also  at  Cape  di  Bove  near  Borne,  and  the  other  localities  above  mentioned.  Elseolite 
-is  found  imbedded  in  the  zircon-syenite  of  Brevig,  Stavem,  and  Fredericksvam  in  Nor- 
way ;  also  with  felspar,  mica,  zircon,  pyrochlore,  &c.,in  the  Umen  mountains  in  Siberia; 
also  at  Litchfield,  in  the  State  of  Maine,  with  cancrinite;  and  in  the  Ozark  mountains, 
Arkansas,  with  brookite  and  schorlemite. 

Nephelin  and  elsolite  easilv  undergo  alteration,  producing  zeolites,  such  as 
Bergmannite  or  Thomsonite ;  the  lar^e  amount  of  soda  in  these  minerals  fits  them 
especially  for  this  mode  of  transformation. 
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GieseckiU,  a  mineral  occurring  in  greenish-grey  six-sided  prisms  having  a  greasy 
lustre,  has  been  shown  by  Blum  to  be  a  psendomorph  after  this  species,  dinerinc  from 
it  mereljr  in  containing  4*88  per  cent,  water.  Blum  also  considers  liebenerite  (iu.  689) 
as  a  sinular  psendomorph.    Elssolite  has  been  observed  altered  to  mica. 

nPBXZTB.  Jade  in  part>  Beilstdn, — A  hard,  compact,  light  green,  bluish,  or 
whitish  stone,  translucent,  tough,  breaking  with  a  splintery  fracture  and  glistening  sur< 
face.  Hardness  =  6 — 7.  Specific  gravity  vm  2*9 — 3-1.  It  belongs  to  the  horn- 
blende family,  but  varies  in  composition,  and  is  not  a  distinct  mineral  species. 

Analyses:  «,  b,  c.  From  the  East:  a.  Kastner  (Gehlen's  J.  ii.  459).^.  Schaf - 
hautl,  Ann.  Ch.  Fharm.  xlvi  338). — c.  Kammelsberg  (Pogg.  Ann.  Ixii.  148). — 
<;.  Damonr,  Ann.  Ch.  Phys.  [3]  xvi.  469).— €.  Scheerer  (Pogg.  Ann.bcmv.  379).— 
f.  Fh>m  New  Zealand:  Punama  stone;  green  (Scheerer,  loc.  cit.) : 
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If  the  first  analysis  be  left  out  of  consideration,  nephrite  appears  to  have  nearly 
the  composition  of  tremolite  (see  Hobnblbndb^  iii  169). 

Nephrite  occurs  in  connection  with  talcose  rock  or  slate  and  granular  limestone.  In 
China^  New  Zealand  and  North-west  America^  it  is  worked  into  images  and  ornaments. 
The  name  is  from  Pf^p6s  a  kidney,  the  stone  having  been  formerly  supposed  to  be  a 
cure  for  diseases  of  the  kidney. 

WBBO&Zy  OZSi  or  millllWOB  OV.  Oil  of  Orangs-flowers. — A  volatile  oil 
obtained  by  distilling  orange-flowers  with  water.  It  is  nearly  colourless  when  fresh, 
but  soon  turns  red  on  exposure  to  light  According  to  Soubeiran  and  Capitaine 
(J.  Phann.  xvii.  619),  it  is  composed  of  two  distinct  oils,  one  of  which  has  a  very 
firagrant  odonr,  and  dissolves  abundantly  in  the  orange-flower  water  which  passes  over 
in  the  distillation,  while  the  other  is  nearly  insoluble  in  water,  and  occurs  only  in  the 
oily  portion  of  the  distillate.  The  first-mentioned  oil  is  reddened  by  sulphuric  acid, 
and  communicates  this  property  to  the  entire  essence.  According  to  Dobereiner,  oil 
of  neioli  produces  a  peculiar  add  by  contact  with  platinum-black.  Nitric  acid  colours 
the  oil  brown. 

NeroU-camphor.  According  to  Boullav  (J.  Pharm.  xiv.  496)  and  PI  is  son  (ibid. 
XV.  162,  XX.  63),  oil  of  neroli  mixed  with  alcohol  of  90  per  cent,  deposits  a  solid  sub- 
stance meltiug  at  60^,  insoluble  in  water,  sparingly  soluble  in  boiling  absolute  alcohol, 
veiy  soluble  in  ether.  Boullay  and  Plisson  found  in  it  83*76  per  cent,  carbon,  16*09 
hydrogefi,  and  1*16  oxygen ;  it  is  probably  a  hydrocarbon. — For  further  details  re- 
specting the  oil  and  camphor,  see  Ghnelin*s  Handbook^  xiv.  386-388. 

nRVOVS  TZ881FB.  (Vauquelin,  Ann.  dumus.  d'hist.  nat  1811,  p.  212. — 
Couerbe,  Ann.  Ch.  Fhys.  [2]  Ivi.  164. — Fr6my,  tW^f.  [3]  ii.  463. — Lassaigne, 
J.  Chim.  mM.  [2]  L  344. — V7  Bibra,  TJntersuckungen  uber  das  GeMm  des  Menschen 
und  der  Wirbetthtere. — "W.  Mil  Her,  Die  chem.  Bestandth.  des  Gehims. — ^Breed,  Ann. 
Ch.  Fharm.  Ixxxiii.  p.  124.) 

The  nervous  system  of  the  higher  animals  is  composed,  for  the  most  part,  of  nerve- 
fibres  and  nerve>cells  or  nerve-vesicles,  the  former  being  found  in  the  nerves,  and  in 
the  "  white  matter  "  of  the  brain  and  spinal  cord,  the  latter  in  the  "  grey  matter  "  of 
the  same,  in  the  ganglia,  and  in  some  of  the  peripheral  organs  of  sense.  The  peculiar 
"  electric  organs  of  certain  fishes  must  be  considered  as  part  of  the  nervous  system  (see 
EuKTRiCTTY,  ii.  476).  The  nerve-fibre  consists  of— 1.  A  "  sheath,"  probablv  analogous 
in  nature  to  elastic  tissue. — 2.  A  hollow  cylinder  or  "  medullary  substance, '  a  mixture 
of  some  form  of  albumin  with  various  fiitty  bodies,  having  a  homogeneous  appearance 
during  life,  and  undergoine  a  kind  of  coagulation  after  death. — 3.  A  central  stem  or 
"  axis-cylinder,"  composed  of  some  protein-compound  or  compounds  with  Uttle  or  no 
&t,  thought  by  many  to  be  finid  during  life  and  to  coagulate  spontaneously  at  death. 
There  are  also  other  "  gelatinous  "  fibres  having  a  different  structure.  The  typical 
nerve- vesicle  consists  of : — 1.  An  envelope  probably  continuous  and  identical  in  nature 
with  the  norve-sheath. — 2.   A  nucleus  (with  nucleolus). — 3.  "Contents,"  probably 
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composed  of  some  pioteizi-substance  with  fatty  and  other  grannies.  The  vesicles  or 
cells  vary,  however,  exceedingly  in  form,  sice,  &c. 

The  reaction  of  living  nerve  is  during  inaction,  neutral  (amphichromatic) ;  during 
strong  action,  acid ;  the  reaction  of  dead  nerve  is  acid  (Funke,  Arch.  Anat.  Phys. 
1859,  p.  886).  Dn  Bois-Beymond  found  the  electric  or^ns  of  Malapterurus 
neutral  immediately  after  death,  hut  becoming  add  on  the  third  day  {ibid,  p.  847). 
Nerve-substance,  amike  muscle-substance,  becomes  acid  when  boiled. 

The  specific  gravity  of  the  "white  matter"  is  1-041,  of  the  "^ey"  1'034. 

Fr^my  represents  100  pts.  of  cerebral  substance  as  consisting  of  80  water,  5  fat, 
7  albumin,  and  8  extractives  and  salts,  v.  Bibra  gives  75'6  percent,  water,  and  from 
12  to  16  per  cent.  &t  The  '*  white  matter  "  contains  less  water  than  the  '*  grey,*'  the 
mean  of  Uie  former  being  73  per  cent,  of  the  latter  85  per  cent*  The  "  white  "  is 
richest  in  fat,  possessing  14*8  per  cent,  while  the  *'  grey "  has  only  4*7  per  cent. 
(L  a  s  s  a  i  gn  e).  According  to  v.  B  i  b  r  a,  the  spinal  cord  contains  less  water  and  more  fat 
than  the  brain,  vis.  66  per  cent,  of  water  and  26  per  cent  of  fit,  while  the  nerves  again 
have  less  water  and  more  fat  than  the  spinal  oord,  though  the  quantities  seem  to  vary 
excessively.  Schlossberger  (Miiller*s  Arch.  1 868,  p.  309 )  gives  the  brain  of  foetus 
as  containing  from  87 '9  to  92*6  per  cent  of  water  and  from  1*6  to  3*7  per  cent  of  fat, 
results  very  closely  agreeing  witn  those  of  v.  Bi bra. 

In  100  pts.  of  ffvsh  brain,  Breed  found  0*027  ash,  in  100  pts.  of  which  were:  — 


Phosphate  of  Potassium    .        .    66*24 

22*93 
Iron 


„         „  Sodium 


It  H 

„         „  Calaum 

„  Magnesium  * 


tt 


1*23 
1*62 
3-40 


Chloride  of  Sodium  .  .  .4*74 

Sulphate  of  Potassium  .  ,1*64 

Phosphoric  acid  (free)  .  .9*16 

Silicic  acid  .      *42 


No  department  of  physiological  chemistiy  has  been  so  little  studied,  or  studied  with 
so  little  profit,  as  that  of  the  nervous  tissue.  Exact  knowledge  concerning  the 
protein-compounds  in  it  is  wholly  wanting.  The  substance  forming  the  axis-cylinder 
seems  to  belong  to  the  same  series  as  fibrin  and  syntonin  (myosin^ ;  it  differs  from  the 
former  bv  its  insolubility  in  a  solution  of  nitre,  from  the  latter  by  its  insolubility  in 
dilute  acids.  The  protein  constituent  of  the  medullary  substance  and  of  the  ceU-oon- 
tents  seems  to  be  some  form  of  soluble  albumin.  It  has  been  thought  to  be  casein. 
Our  acquaintance  with  the  peculiar  fatty  bodies  is  also  very  unsatisfactory.  Besides 
cholesterin,  which  occurs  to  the  eftent  of  20  per  cent  of  total  fat  (v.  Bibra),  olein, 
stearin,  and  palmitin,  there  have  been  obtained  various  bodies  whose  nature  is  much 
disputed.  (See  Cbrebsotb,  Ciphalotb,  Mtbldt,  Steaboconotb,  CBREsanr,  Cbbbbbic 
Acid,  Olbofhosphobio  Acid,  Oltcbbophosphobio  Acm,  Lecithin.) 

W.  Mil  Her  found  in  human  brain  a  small  quantity  of  creatine,  0*06  grm.  in 
4  pounds ;  in  ox-brain  he  found  no  creatine,  but  a  body  resembling  leucine,  together 
with  uric  acid  and  xanthine  or  hypoxanthine.  He  also  found  in  the  same  brain  a 
very  considerable  Quantity  of  inosite,  20  grms.  in  60  pounds.  Both  v.  Bibra  and 
W.  Mu Her  found  lactic  add,  the  latter  obtaining  12  grms.  from  60  pounds.  Lorens 
(Henle.-Meissner,  1869,  p.  290)  found  no  creatine,  leucine,  inosite,  or  lactic  acid; 
he  obtained,  however,  both  xanthine  and  hypoxanthine.  Hers  {Uid.  1860,  p.  311) 
corroborates  Miiller.  M.  Schultze  found  urea  and  creatinine  in  the  electrft  organs 
of  the  torpedo.  Formic  and  acetic  add  are  said  to  be  obtained  by  distillation  of  the 
watery  extract  of  brain.^  The  presence  of  the  above  ciystalline  bodies  indicates  a 
metamorphosis,  very  similar  to  that  which  probably  takes  place  in  muscles ;  but  we 
know  nothing  of  the  various  steps.  The  large  amount  of  phosphorus  in  nervous 
tissue  (1*388 — 1*79  per  cent  of  dry  brain-substance  according  to  JBorsarelli)  has 
prompted  many  to  attribute  much  to  that  particular  element  Mental  e£Port  is 
said  to  increase  the  phosphates  of  the  urine ;  but  whether  directly  or  indirectly  is 
uncertain. 

Neukomm  (Arch.  Anat  Phys.  1860,  p.  1)  found  in  human  brain  in  various 
diseases,  leudne,  creatine,  and  inosite,  the  latter  at  times  in  very  notable  quantities. 
Tyrosine  was  invariably  absent  Grohe  (Med.  Centr.  1864,  p.  870)  found  glycogen 
(without  sugar)  in  the  brain  of  a  diabetic.  M.  F. 

VBUXO&ZTB.  A  fibrous  mineral  from  Stamstead  in  Lower  Canada,  containing, 
according  to  Thomson,  73*00  per  cent  silica,  17*36  alumina,  3*26  lime,  1-6  magnesia, 
and  4*3  water. 

Syn.  with  Ibzdosmimb  (iii.  324). 

Manganic    hydrate  (iii.   810)  from  Neukirchen  in  Alsace^ 
where  it  forms  a  coating  on  red  hiematite. 

See  Chlobomicbic  Acid  (i.  921). 
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Symbols  And  Atomic  Weights,  Ni  »  29*37;  Nni'  »  58*74. 

TiuB  metal  is  closely  allied  to  iron  and  cobalt,  and  is  associated  with  them  in 
meteorites  as  well  as  in  most  of  its  terrestrial  ores.  The  principal  ore  of  nickel  is 
the  pioto-anenide,  Nni"As,  a  copper  coloured  mineral,  to  Which  the  German  miners, 
haying  in  Tain  attempted  to  extract  copper  from  it,  gave  the  name  of  kupfer-nickd, 
or  false  copper.  This  mineral  was  foiina  by  Cronstedt,  in  1751,  to  contain  a  peculiar 
metal  which  he  called  nickel. 

Nickel  also  occurs  as  diarsenide  {white  nickel  pyritce  or  cloantMte) ;  arsenate 
{niektl-bloom  or  annabergite) ;  antimonide  (breithauptite) ;  arsenio-sulphide  (pers* 
dorffite  or  nickel-glunee)  \  antimonio-sulphide  (uUmanite) ;  as  oxide,  sulphide  {capil' 
lory  pyritee  or  fnillerite),  sulphide  of  nickel  and  bismuth  (yrunauite)^  sulphide 
of  nickel  and  iron;  carbonate  (emerald-nicker)^  sulphate  (pyromdin)  and  silicate 
(jpimdite). 

Preparation, — ^Principally  from  coppeavnickel  and  from  epeise.  Speiss  is  a  deposit 
fiormed  in  the  pots  in  which  roasted  arsenide  of  cobalt  mixed  with  copper-nickel  is 
fused  with  carbonate  of  potassium  and  pounded  quartz,  for  the  preparation  of  smalt  in 
the  blue-colour  works;  it  collects  below  the  blue  glass  in  the  form  of  a  metallic 
alloy,  the  nickel  not  oxidising  so  easily  in  roasting  as  the  cobalt  It  contains,  besides 
nickel,  principally  iron,  cobdt,  manganese,  bismuth,  antimony,  arsenic,  and  sulphur. 
The  following  are  some  analyses  of  speiss:  a.  of  unknown  origin  (Berthier);  5. 
from  Bohemia  (Anthon,  J.  pr.  Chem.  ix.  12);  e.  from.  Henninger^s  German-silver 
works ;  this  sample  has  been  previously  purified ;  its  structure  was  coarsely  laminar. 
(Francis,  Pogg.  Ann.  1.  519.) 

Ni.  Col  Fe.  Cu.     Bf.       Sb. 

a.    49*0  8-2  .    .  16    .    .    trace 

5.     36-2  1*3  1*1  1-5    21-5     .    . 

e.    52*6  3*3  101 

The  oopper-nickel  or  the  speiss  is  generally  roasted  in  a  state  of  powder  (at  a  gentle 
heat  at  fint^  to  prevent  it  from  baking  together),  whereby  the  greater  part  of  the 
arsenic  is  removed,  the  nickel  oxidated,  and  a  saving  of  nitno  acid  thus  effected  in  the 
subsequent  treatment.  Since,  howerer,  the  roasting  process  leaves  a  portion  of  the 
arsenic  combined  with  the  nickel  in  the  form  of  arsenic  acid,  the  roasted  ore  must  bo 
several  times  intimately  mixed  with  charcoal  dust  and  again  roasted,  as  long  as 
vapours  of  arsenic  continue  to  be  evolved.  Erdmann  moistens  the  roasted  speiss  with 
water  and  places  it  in  a  cellar  for  some  time,  whereby  it  is  rendered  more  easily 
soluble. 

The  further  separation  of  the  arsenic  and  other  metals  may  be  effected  by  one  of 
the  following  processes : 

1.  Laugier  dissolves  the  roasted  copper-nickel  or  the  speiss  in  nitric  acid,  passes 
snlphoretted  hydrogen  through  the  dilute  acid  solution  till  all  the  arsenic,  copper, 
bismuth,  and  antimony  are  precipitated ;  then  filters ;  precipitates  all  the  iron,  cobalt, 
and  nickel  with  carbonate  of  sodium ;  washes  the  precipitate  thoroughly,  and  treats  it 
first  with  oxalic  add  and  then  with  ammonia^  as  desmbed  with  reference  to  the  prepara- 
tion of  cobalt  (i.  1040),  repeating  the  solution  of  the  nickel-oxalate  in  aqueous  ammonia^ 
till  the  liquid  which  stands  above  the  resulting  precipitate  no  longer  exhibits  a  rose* 
colour,  and  is  almost  wholly  free  from  cobalt 

2.  BertMer  dissolves  roasted  speiss  or  roasted  copper-nickel — together  with  the 

Suantity  of  iron  found  by  previous  experiments  to  be  necessary  for  the  separation  of 
iie  arsenic  acid — in  boiling  nitromuriatic  acid  containing  excess  of  nitric  acid; 
evaporates  the  solution  to  dryness ;  treats  the  residue  with  water,  which  leaves  a  large 
quantity  of  feme  arsenate  undissolved :  and  adds  carbonate  of  sodium  to  the  filtrate, 
stirring  all  the  while,  till  the  precipitate  begins  to  exhibit  a  green  tint :  the  whole  of 
the  ferric  arsenate  is  thereby  thrown  down,  together  with  part  of  the  cupric  oxide.  If 
the  precipitate,  which  is  white  at  firsts  does  not  ultimately  turn  brown,  it  is  a  sign  that 
tiie  quantity  of  ferric  oxide  present  is  not  sufficient  to  carry  down  the  arsenic  acid 
with  it;  oons«quently,  more  ferric  chloride  must  be  added,  and  the  ferric  oxide 
again  cautiously  precipitated  by  carbonate  of  sodium.  The  filtrate  is  next  treated  with 
s^phydric  acid  to  precipitate  the  rest  of  the  copper;  the  liquid  filtered  from  the 
sulphide  of  copper  is  completely  precipitated  at  a  boiling  heat  by  carbonate  of 
sodium ;  the  precipitate,  consisting  (k  the  carbonates  of  nickel  and  cobalt,  thoroughly 
washed  and  difiru9ed  in  water ;  chlorine  gas  passed  through  the  liquid  as  long  us  it  is 
absorbed;  the  solution  exposed  to  the  air  to  allow  the  excess  of  chlorine  to  evaporate, 
and  then  filtered.  The  filtrate  contains  chloride  of  nickel  free  from  cobalt;  it  may  be 
precipitated  by  an  alkali. 

3.  BoeMed  speiss  is  digested  in  hydrochloric  acid,  which  leaves  nothing  undissolved 
but  3  or  4  per  cent,  of  sulphur,  and  a  few  granules  which  have  retained  their  metallic 
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state;  the  liquid  id  dilaf-ed  with  water,  and  separated  by  filtration  from  the 
precipitated  oxychloride  of  bismuth ;  the  filtrate  heated  to  the  boiling  point ;  aqueous 
ferric  chloride  added  to  it,  and  then  milk  of  lime  in  small  portions — ^tho  lM>iling 
being  still  continued — till  a  filtered  sample  exhibits  no  longer  a  pale  green,  but 
bluish-green  colour,  and  gives  with  potash  a  precipitate,  which,  when  heated  on 
charcosd  before  the  blowpipe,  yields  an  infusible  mass  of  spongy  nickel.  As  long  as 
the  reduced  nickel  continues  fusible,  arsenic  is  present,  and  further  addition  of  lime  is 
necessary ;  it  is  best  to  add  the  lime  in  slight  excess,  in  order  to  insure  the  complete 
separation  of  the  arsenic.  The  liquid  is  then  filtered,  and  the  nickel  precipitated  by 
milk  of  lime  free  from  iron.     (Erdmann.) 

4.  Unroasted  speiss  is  fused  with  sulphur  and  carbonate  of  potassium,  as  described 
for  the  preparation  of  cobalt  (i.  1040,  4^  ;  and  the  resulting  sulphide  of  nickel  (which 
appears  free  from  arsenic  after  one  sucn  fusion  and  subsequent  washing  with  water) 
is  dissolved  in  nitric  acid  or  a  mixture  of  nitric  and  sulphur^  acids,  and  subjected  to 
f^her  treatment  for  the  separation  of  bismuth,  copper  and  cobalt,  as  described  under 
Cobalt.     (Wohler,  Pogg.  Ann.  vi.  227.) 

6.  Thomson  (Ann.  PluL  xiv.'144)  digests  pounded  q>eiss  in  dilute  sulphuric  acid, 
frequently  adding  pitric  acid  as  long  as  any  action  is  thereby  produced ;  then  decants 
the  green  solution  from  the  arsenious  acid  which  separates ;  and  after  evaporation  and 
coqling,  adds  to  the  solution  either  sulphate  of  potassium,  or  a  quantity  of  carbonate 
equal  to  half  the  weight  of  the  speiss.  The  liquid,  after  concentration  and  repose, 
deposits  crystals  of  niccolo-potassic  sulphate,  which  may  be  fhrther  purified  by  a 
second  crystallisation. 

6.  Cloez  (Jahresb.  1857,  p.  619)  dissolves  finely  pulverised  and  perfectly  roasted 
copper-nickel  in  strong  hydrochloric  acid ;  mixes  the  solution  with  excess  of  acid  sul- 
phite of  sodium ;  and  boils  till  the  arsenic  acid  is  completely  reduced  to  arsenious  acid, 
and  the  excess  of  sulphurous  acid  is  driven  off;  then  passes  sulphydric  acid  gas  through 
the  lukewarm  liquid  to  precipitate  arsenic,  copper,  antimony,  leaa  and  bismuth  ;  filters 
the  saturated  liquid  after  twelve  hours'  standing ;  evaporates  the  filtrate ;  treats  the 
residue  with  water ;  precipitates  iron  and  cobalt  from  the  filtrate  by  carbonate  of 
barium  or  calcium,  after  treating  it  with  chlorine ;  and  removes  the  dissolved  baiyta  or 
lime  with  sulphuric  acid.  The  filtered  liquid  then  yields  with  carbonate  of  sodium  a 
precipitate  of  pure  carbonate  of  nickel,  which  may  be  ignited  and  reduced.  The  solution 
of  speiss  in  nitro-muriatic  acid  may  be  treated  in  the  same  manner,  after  the  nitrio 
acid  has  been  expelled  by  boiling  with  excess  of  hydrochloric  acid. 

7.  The  following  method  is  adopted  in  a  manufactory  at  Birmingham  for  separating 
nickel  and  cobalt  from  the  Hungarian  speiss,  containing  6  per  cent,  of  nickel  and  3  per 
cent  of  cobalt  The  ore  is  first  fused  with  chalk  and  fluorspar,  the  slag  thrown  away, 
and  the  fused  product  is  ground  to  powder,  and  roasted  for  12  hours  in  a  reverberatory 
Aimace,  till  no  more  fumes  of  arsenious  acid  are  given  off.  The  roasted  product  then 
dissolves  almost  completely  in  hydrochloric  acid.  The  solution  is  diluted  with  water, 
mixed  with  chloride  of  lime  to  convert  the  iron  into  sesquioxide,  and  with  milk  of 
lime  to  precipitate  that  oxide  together  with  the  arsenic.  The  precipitate  (which  is  of 
no  further  use)  is  then  washed,  and  sulphuretted  hydrogen  passed  through  the  clear 
liquid  till  a  filtered  sample  gives  a  black  precipitate  on  the  addition  of  ammonia.  The 
precipitated  sulphides  (which  are  likewise  of  no  further  use)  having  been  washed  with 
water,  the  solution  is  next  treated  with  chloride  of  lime  to  precipitate  the  cobalt,  and 
then  with  milk  of  lime  to  throw  down  the  nickel.  The  cobalt  •precipitate'is  converted 
either  into  sesquioxide  by  gentle  ignition,  or  into  protoxide  by  strong  ignition,  and 
sent  into  the  market  in  one  or  other  of  these  forms :  it  is  -said  to  be  very  pure.  The 
precipitated  nickel  is  reduced  by  charcoal,  and  sold  to  the  manufacturers  of  Qerman 
silver.     (Louyet,  J.  Pharm.  [3]  xv.  204.) 

8.  At  Klefva  in  Sweden,  a  magnetic  pyrites  containing  copper  and  nickel  is  worked 
for  the  extraction  of  the  latter  metal.  The  ore  after  being  roasted  in  heaps  is  fused  in 
a  shaft-furnace,  with  addition  of  quartz.  The  greater  part  of  the  iron  then  passes  into 
the  slag,  as  silicate,  in  the  treatment  of  copper-ores  (ii.  24),  and  a  matt  is  obtained 
containing  about  6  per  cent  nickel,  together  with  copper,  iron,  and  sometimes  a  little 
sulphur.  This  matt  is  reduced  to  coarse  powder  and  roasted  in  a  reverberatory  furnace^ 
then  fused  again  in  a  shaft-furnace.  Aft«r  a  certain  number  of  alternate  Aisions  and 
calcinations  thus  conducted,  matta  are  obtained  very  rich  in  nickel,  the  final  product 
being  an  alloy  formed  of  70 — 80  percent  nickel,  18—22  copper,  and  1*5  to  2*6  iron. 
This  alloy  is  broken  up  into  small  pieces  and  sent  into  the  market  as  "  crystallised 
nickel."    (Pelouzeet  Fr6my,  TraiiS,  3me.  ed.  iii.  630.) 

For  other  modes  of  preparation  see  the  work  just  cited ;  also  ChnelirCi  Handbook, 
V.  355-360. 

In  all  processes  for  obtaining  a  pure  salt  of  nickel,  the  most  difiScult  point  is  tho 
(^epamtion  of  the  cobalt.    Tho  methods  of  separating  these  two  metals  have  been 
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already  described  under  Coballt  (i.  1046);  the  best  and  easiest  of  execution  is  perhaps 
that  of  A.  Stromeyer  founded  on  the  precipitation  of  cobalt  by  nitrite  of  potassium. 
Good  results  are  also  obtained  by  Liebigf  s  method  with  cyanide  of  potassium  and  mer- 
coric  oxide  (see  further  p.  39),  and  by  that  of  II.  Hose  with  chlorine  and  carbonate  of 
barium,  as  in  the  sixth  mode  of  preparation  above  described,  which  yields  a  per- 
fectly pure  salt  of  nickel 

Reduction. — A  pure  solution  of  nickel  having  been  obtained  by  one  of  the  processes 
above  described,  it  is  precipitated  by  a  caustic  alkali  or  alkaline  carbonate ;  tne  bulky 
precipitate  of  hydrate  or  carbonate  of  nickel  is  carefully  washed ;  then  spread  out  on 
filters  to  dry,'  and  the  desiccation  is  finished  by  heat.  The  dried  precipitate  is  then 
introduced,  either  alone  or  made  up  into  a  stvflf  paste  with  oil,  into  a  crucible  lined  with 
charcoal,  and  exposed  to  the  heat  of  a  powerful  air-  or  blast-furnace,  whereby  the  metal  is 
obtained  in  the  form  of  a  fused  mass.  On  the  lai^  scale  the  reduction  is  effected  by  a 
cementation  piooess.  A  number  of  cylinders  of  refractoiy  clay  are  set  rertically  in  a 
fomace  so  that  the  flame  may  play  round  them  on  all  sides.  They  are  open  at  top  and 
terminate  below  in  truncated  cones,  the  bases  of  which  are  below  the  fire-bar?, 
and  aie  provided  with  apertures  for  removing  the  charge.  The  dried  oxide  of  nickel, 
in  lamps  or  small  cubes  measuring  about  0*02  mm.  in  the  side,  is  mixed  with  pulverised 
charcoal  and  thrown  in  at  the  top  of  the  cylinder,  and  the  fire  is  strongly  urged.  The 
oxide  of  nickel  is  then  decomposed  by  tne  heated  carbonic  oxide  in  the  furnace,  the 
reduced  metal  retaining  the  K>rm  of  the  lumps  or  cubes  of  oxide  introduced.  The 
reduced  metal  is  discharged  from  time  to  time  through  the  orifices  in  the  bottoms  of 
the  cylinders,  a  fresh  charge  being  at  the  same  time  mtroduced  by  the  top,  so  that  the 
process  is  to  a  certain  extent  continuous.  To  obtain  the  metal  in  ingots,  the  lumps 
formed  as  above  are  fused  at  the  strongest  heat  of  a  forge-fire. 

Metallic  nickel  may  also  be  obtained  by  igniting  the  oxide  in  hydrogen  gas,  or  by 
heating  oxalate  of  nidcel  or  of  nickel-ammonium  under  a  layer  of  pounded  glass  not 
containing  any  heavy  metal.    These  processes  yield  it  in  the  pulverulent  form. 

Nickel  may  be  obtained  in  brilliant  white  laminae  by  the  electrolysis  of  an  ammo- 
niacal  solution  of  sulphate  of  nickel  and  ammonium.  (A.  G.  and  R  Becquerel, 
Compt.  rend.  Iv.  18.) 

The  nickel  of  commerce  is  seldom  pore.  Lassaigne  found  the  composition  of  three 
samples  from  different  sources  to  be  as  follows : 

GeRnan 

**.         '        ' 

Li.  Thompson  (London  Journal  of  Arts,  Feb.  1863,  p.  65)  found  in  various  samples 
of  commercial  nickel  from  76  to  86  per  cent,  of  the  pure  metal.  He  obtained  a  purer 
product  containing  88  percent  nickel  by roastine  nickel-glance  (arsenio-sulphide  of 
nickel)  with  half  its  weight  of  quicklime  in  a  cu^la-fumace  urged  by  a  blast. 

Pr<ypertie4. — Pure  nickel  in  the  compact  state  is  silver-white,  ductile,  malleable,  not 
much  more  fusible  than  iron,  which,  according  to  Deville,  it  even  surpasses  in  tenacity. 
Nickel  containing  small  quantities  of  carbon  is  more  fusible  than  the  pure  metal.  The 
q>eciflc  gravity  of  nickel  is  8*279,  increasing  to  8*666  by  forging.  Nickel  is  magnetic 
at  ordinary  temperatures,  but  loses  this  power  at  250^,  recovering  it  however  on 
cooling.  Nickel  previously  heated  bums  in  oxygen  gas  like  iron,  and  is  converted  into 
oxide.  The  pulverulent  metal  obtained  by  reduction  in  hydrogen  at  a  low  red  heat, 
takes  fire  spontaneously  in  contact  with  the  air.  Nickel  dissolves  in  hydrochloric  acid 
and  in  dilate  sulphuric  add  with  evolution  of  hydrogen,  easily  in  nitric  and  in  nitro- 
muriaUc  acid. 


siiiciout 

Nl. 

Co. 

Cu. 

Fe. 

Af. 

AHO-\    recidue. 

56-75 

•           • 

27*50 

12*55 

•     • 

.      .       3*70      « 

100 

54-60 

•           • 

3010 

11-30 

trace 

.      .       4-00     « 

100 

73*30 

2210 

trace 

1*00 

■        ■ 

2*50       050     » 

100 

or.  Nickel  unites  with  other  metals,  forming  for  the 
most  part  white  malleable  alloys  (see  the  several  metals).  The  most  important  is  the 
alloy  of  nickel,  copper  and  zinc,  known  as  German  silver  (see  Cofpbr,  Allots  of,  ii.  51). 
Meteoric  iron  is  an  alloy  of  iron  and  nickel  (see  Mbtboritbs,  iii.  377).  An  alloy  of  nickel 
and  altaniniuniy  AI'Ni,  is  obtained  in  large  tin- white  laminae,  of  sp.  gr.  3*647,  by  melt- 
ing 8  pts.  aluminium  with  3  pts.  sublimed  chloride  of  nickel  and  20  pts.  chloride  of 
Ktassium  and  sodium,  and  treating  the  resulting  regulus  with  dilute  hvdrochloric  acid 
ichel,  Ann.  Ch.  Pharm.  cxv.  102).  The  alloys  of  nickel  with  arsenic  and  antimony 
occur  as  natural  minerals. 


[OirXBB  OF.  Antimonial  Nickel^  Breithauptite,  Ni^Sb  or 
Nni^Sb. — This  mineral  was  formerly  found  in  the  Andreasbeig  mountains,  but  has 
long  been  exhausted ;  it  occurred  in  thin  hexagonal  plates,  also  massive  and  dissem- 
inated, with  metallic  lustre,  light  copper-red  colour  on  the  fresh  fracture ;  sp.  gr.  7*541 ; 
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mCKBK*  AirmiOirZO-SUXPBZBB  or.     See  NicXBL-OLAlTCB  (p.  48). 

mCKB^b,  ABSBVikTB  OF.  Annahergite^  Nickel-bloofiiy  Nickel-green, 
Ni"AsO*.4H*0  or  Nii"i"As'0".8H*0. — This  compound  occurs  natiyeinsoft,  apple-green, 
Cj:pilUuy,  monoclinic  crystals,  also  massire  and  disseminated.  Hardness  s  2*6  to  3-0. 
Sp.  gr.  =  3-078 — 3*131.  The  following  analyses  are — a.  bv  Berth ier  (Ann.  Ch. 
Phys.  [2]  xiii.  6  [;  6.  by  Stromeyer  (Schw.  J.  zxy.  220) ;  c.  by  Ker8ten(Fogg.  Ann. 
z.  251): 

Ai«0».     N120.      Co20.    H«0. 
a.  AUemont         36*8      36*2      2-5      25*5  «   101 

h.  RiecheUdorf   36*97     37*85      .    .     24*32     Fe*0«  1*13,  SO*  0*23  »  100 
c.  Schneeberg       38*30    36*20     1*53    23*91    FeK)  trace  -»     99*94 

The  formula  requires  38*41  As*0*,  37*52  Ni-0  and  24*0  HK).  The  mineral  ooeurs  on 
white  nickel,  at  Allemont  in  Dauphiny,  and  is  supposed  to  result  &om  a  decomposition 
of  this  ore ;  it  is  found  also  at  Kamsdorf  near  Saalfold,  at  Annaberg,  and  in  other  mines 
of  nickel  ores.  It  has  occasionally  been  observed  associated  with  copper-nickel,  in 
the  cobalt  mine  at  Chatham,  Connecticut  (Dana,  ii  418).  Bespecting  the  artificial 
arsenate  of  nickel,  see  i.  313. 

mCMJBMtf  ABSBirXSBS  OV.  A  very  small  quantity  of  arsenic  is  sufficient  to 
render  nickel  fusible  before  the  blowpipe  under  borax.     (Berzelius.) 

a.  Ni^As  or  Nni'As.  A  brittle  non-ma^etic  alloy  having  this  composition,  is 
obtained  by  heating  100  pts.  of  finely  divided  nickel  in  a  close  vessel  with  excess  (200 
pts.)  of  arsenic,  or  by  heating  arsenate  of  nickel  to  whiteness  in  a  charcoal-lined 
crucible.  L.  Gmelin  {Hanc&ook^  v.  388)  describes,  on  the  authority  of  Plattner,  an 
arsenide  of  nickel  called  Placodin,  having  nearly  the  same  composition,  viz.  57*05  per 
cent  nickel,  39*71  arsenic,  0*92  cobalt,  0*86  copper,  a  trace  of  iron,  and  0*62  sulphur. 

fi.  'Si*Aa  or  Nni'As'.  Speiss  is  sometimes  found  in  crystals  of  the  dimetric  system 
having  this  composition.  A  specimen  from  a  disused  smalt-furnace  was  found  by 
Wo  hie r  (Pogg.  Ann.  xxv.  302)  to  contain  52*70  per  cent  nickel,  44*05  arsenic,  1*65 
sulphur,  and  1*60  manganese,  iron,  and  copper,  the  formula  Ni'As  requiring  54*13  nickel 
ana  45*87  arsenic  This  crystallised  speiss,  which  is  sometimes  found  in  the  speiss  run 
out  from  the  crucibles,  appears  to  be  produced  by  long  continued  fusion  of  copper-nickel 
contained  in  cobalt  ores. 

y.  Ni*As  or  NniAs.  .  This  is  the  composition  of  Copper-nickel,  the  principal  ore  of 
the  metal,  which  occui^  in  hexagonal  prisms,  oP .  odP,  isomorphous  with  antimonial 
nickel,  having  the  length  of  the  principal  axis  «-  0*81944,  more  frequently  massive, 
with  nearly  impalpable  stricture ;  also  reniform  with  columnar  structure ;  also  reticu- 
lated and  arborescent.  Hardness  «  5-5.  Sp.  gr.  =  7 "33 — 7*67 1 .  Opaque,  with  metallic 
lustre  and  copper-red  colour,  with  a  grey  to  blackish  tarnish.  Streak  pale  brownish- 
black.  Fracture  uneven.  Brittle.  Before  the  blowpipe  on  charcoal,  it  emits  arsenical 
fumes,  and  melts  to  a  white  globule,  which  darkens  on  exposure  to  the  air.  In  nitric 
acid  it  becomes  covered  with  a  green  coating  and  dissolves  in  nitro-muriatic  acid. 

Analyses. — a.  From  Riechelsdorf  (Stromeyer,  Gott  geL  Anz.  1817,  p.  204). — 
b.  From  Krageroe  in  Norway :  sp.  gr.  7-662  (Scheer  er,  Pogg.  Ann.  Ixv.  292). — c.  From 
Ayer:  sp.  gr.  7*39  (Ebelmen,  Ann.  Min.  [4]  xi.  66), — d,  Westphalia  (Sch  nab  el, 
Bammehher^s  MineralchcTnie,  p,  20). — e.  Allemont  in  Dauphiny  (Berthier,  Ann,  Ch. 
Phys.  [2]  xiii.  52).—/.  From  Balen  in  the  Pyrenees  (Berthieri  /oc.  cit): 

A«.  Sb.  S.  Ni.          Fe.  Pb.        Co.       Cu.    Gingue. 

a.  54*73  .  .  0-40  44*21  0*34  0*32 «  100 

b.  54*35  .  .  014  44*98  021  .  .         .  .      0*16      .  .  -  99-84 

c.  52*71  .  .  0*48  45*37 1*44       .  .  «  100 

d.  54*05  005  2-18  43*50  0*45  .  .  0*32  .  .  0*20  »  100*75 
f.  48*80  8*00  2*00  3994  .  .  .  .  016  .  ,  .  .  -  98*90 
/.  330  27*8  2*8  33*0  1*4  2*0  =  100 

Copper-nickel  is  found  accompanying  cobalt,  silver  and  copper,  in  the  Saxon  mines  of 
Annaberg,  Schneeberg,  &c. ;  also  in  Thuringia,  Hesse  ai^  Styria,  and  at  the  other 
localities  above-mentioned ;  occasionally  also  in  Cornwall,  and  at  Leadhills  in  Scotland. 
At  Chatham,  Connecticut,  it  is  found  in  gneiss,  associated  with  arsenide  of  cobalt. 

9.  NiAs  or  NniAs'.  This  compound  occurs  in  two  forms: — 1.  As  Cloanthite  or 
White  Nickel,  in  monometric  forms,  viz.  cubes,  octahedrons,  trapezohedrons^  202,  and 
the  combinations  shown  in  figures  174,  175,  176,  202,  205,  &c.  (li.  pp.  123,  124,  130), 
isomorphous  with  smaltin,  CcoAs-  (i.  1040). — 2.  As  Rammelsbergite,  in  trimetric  prisms 
havin^jT  the  angle  c»P  :  ooP  =  123^ — 124°.  Also  massive  and  in  reticulated  and 
imitative  shapes.  Hardness  »  5*25  to  6.  Specific  gravity  «  6*466 — 7*2.  Lustre 
metallic.     Colour  tiu-white,  inclining  when  massive  to  steel-grey.     Streak    greyish 
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bladb     Opaque.    Fracture  granular  and  uneven.    Brittle ;  Eammelsberyite,  howercT) 
is  slightly  ductile.    Behaves  before  the  blowpipe  like  copper-nickel. 

Analyses. — a.  From  Schneeberg(Hof  mann.  I'ogg.  Ann.  xxv.  491,  494). — b.  Riechcls- 
dorf  (Booth,  ibid,  xzxii.  395). — c.  Joachimsthal  in  Bohemia:  Bpeci£c  gravity  6*89 
(Marian,  RammtUber^a  Mineraichemiej  p.  21). — d.  Kamsdorf  near  Saalfeld:  specific 
gravi^  6*736  (Bammelsberg,  ibid. ). — e.  The  Annivierthal  in  the  Valais  (Bcrthier, 
Ann.  ifin.  [3]  xi.  504).—;/'.  Allemont  (Ram  m  els  berg,  loo.  cit). — g.  Chatham,  Con- 
neetient;  CJkathamite;  massive  (Shepard,  SilL  Am.  J.  zlvii.  351). 
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Qoanthite  occurs  with  silver  and  copper  in  the  same  localities  as  smaltin  (ii.  1040); 
the  Conneedcnt  mineral  {Chathamite)  occun  in  mica-slate,  associated  generally  with 
mispiekel  and  sometimes  with  copper  nickel.  Bammelsbeigite  is  found  at  Schneobei^ 
and  at  Biechelsdorf. 

Cloaothite  and  smaltin  may  be  regarded  as  belonging  to  the  same  mineral  species, 
indeed  the  nickel  and  cobalt  are  found  replacing  one  another  in  all  proportions  without 
any  alteration  in  the  oystalline  form  of  the  mineral  (see  Dana,  u.  57).  There  are 
also  minerals,  still  occurring  in  the  same  forms,  in  Which  the  number  of  atoms  of  m-senic 
is  to  that  of  the  positive  metalp  (nickel,  cobalt,  iron)  as  4  :  3  and  as  3  :  2,  the  percen- 
tage of  araenic  in  the  former  being  about  75,  and  in  the  latter  78  or  79.  These  mono- 
metric  arsenides  of  nickel  and  cobalt  may  therefore  be  included  in  the  general  formula 
B"As",  where  B  stands  for  nicksl,  cobalt,  and  iron  (regarded  as  monatomic  metals)  re- 
placing one  another  isomotphously.    (Rammelsberg's  Mineralchemie,  p.  25.) 

A&8BMX08inbVBZDB  OV.     See  Ntckbl-olancb  (p.  43). 

8SOBDn>B  OV«  KiBr  or  Nni'^r' — The  anhydrous  bromide  obtained 
by  passing  bromine-vapour  over  red-hot  nickel-filings,  forms  shining  yellow  scalos 
soluble  in  water,  alcohol  and  ether ;  the  aqueous  solution  yields  by  evaporation  green 
OTStals  of  the  hydrated  bromide  Nni^r».3H*0. 

Bromide  of  nickel  unites  with  ammonia,  either  in  the  dry  or  in  the  wet  way,  forming  the 
compound  NiBr.3NH'  or  Nni"Br^.6NH*.  It  forms  li^ht  blue  crystals,  soluble  in  a  small 
quantity  of  water,  but  decomposed  on  diluting  the  solution. 

OAMBQfMATM  OV.    Occura  native  as  Emerald-nickel  (see  Cabbo- 
789). 

SB&OSIBa  or.  NiCl  or  Nni"Cl*.— Obtained  bv  heating  nickel- 
filings  to  low  redness  in  a  stream  of  chlorine,  or  by  gently  heating  the  hydrated  chloride. 
It  is  volatile  and  sublimes  at  an  incipient  red  heat,  in  golden-yellow  scales  like  mosaic 
gold.  It  is  decomposed  by  hydrogen  at  a  red  hea^  yielding  a  shining  coherent  mann 
of  metallic  nickel. 

Anhydrous  chloride  of  nickel  dissolves  in  water  after  prolonged  boiling,  yielding  a 
solution  of  a  fine  green  colour,  which  may  be  likewise  formed  by  dissolving  the  oxide 
or  carbonate  of  nidcel  in  hydrochloric  acid.  This  solution,  when  evaporated,  deposits 
the  hydrated  chloride,  Nni"Cl*.9H*0,  in  green  ciystals,  which  when  exposed  to  the  air, 
deliquesce  or  effloresce  slightly,  according  to  the  quantity  of  moisture  present.  Chloride 
of  nickel  dissolves  slightly  also  in  aicoM. 

Anhydrous  chloride  of  nickel  absorbs  ammonia  gas,  forming  the  ammonio-chioridet 
NiC1.3KH',  analogous  to  the  ammonio-bromide  above  described  (H.  Rose).  The  same 
compound  is  obtained  in  blue  octahedrons  by  dissolving  chloride  of  nickel  in  warm 
caustic  ammonia  in  a  closed  vessel.     (Erdmann.) 

Chloride  of  Nickel  and  i^mmontum,  NH*Cl.Nni"Cl'.6H*0,  is  deposited  on  mixing 
1  pt  of  hydrochloric  acid  saturated  with  ammonia,  and  2  pts.  of  the  same  acid  saturated 
with  carbonate  of  nickel,  in  deliquescent  crystals  isomorphous  with  the  corresponding 
magnesiam-flalt.    (Hautz.) 

VICOUCL,  BBTSCTXOV  A«3>  S8TZKATXOV  OV.  1.  Blowpipe  He- 
actions. — All  nickel-salts  heated  with  carbonate  of  sodium  on  charcoal  in  the  inner 
flame  are  easily  reduced  to  a  grey  metallic  powder,  which  is  attracted  by  the  magnet. 
With  borax  they  give,  in  the  out«r  flame,  a  dear  bead  which  is  hyacinth-rod  while  hot, 
and  ^le  or  dark  yellow  (according  to  the  'quantity  of  nickel  present)  on  cooling ;  the 
addition  of  nitrate;  or  any  other  saU  of  potassium  gives  a  blue  or  dark  puiple  colour  to 


38  NICKEL :  DETECTION  AND  ESTIMATION. 

the  bead.  In  the  inner  flame  the  bead  becomes  grey  and  opaqne,  oiiing  to  the  reduc- 
tion of  the  metaL  With  microcosmic  salt  they  give  in  both  flames  a  clear  bead  which 
is  dark  yellow  while  hot>  and  almost  oolonrless  on  cooling.  The  presence  of  cobalt, 
even  in  small  quantity,  masks  these  reactions  to  a  great  extent,  by  the  deep  blue  colour 
which  it  produces. 

2.  Reactions  in  Solution. — Nickel  forms  but  one  class  of  salts,  and  these  are 
analogous  in  composition  to  the  chloride  above  described ;  they  are  green  in  solution 
or  when  they  contain  water  of  ciTstallisation ;  yellow  when  anhydrous.  Their  solutions 
redden  litmus. — Sulphydrio  acid  does  not  precipitate  nickel-siuts  from  acid  solutions, 
and  only  reiy  partially  from  a  neutral  solution  of  a  salt  of  a  mineral  acid,  such  as  the 
sulphate  or  chloride ;  but  acetate  of  nickel,  or  any  nickel-salt  mixed  with  acetate  of 
sodium,  is  completely  precipitated  by  sulphydric  acid  on  heating  the  solution,  unless  a 
large  excess  of  acetic  add  is  present  The  precipitated  sulphide  is  black,  diffieultlT 
soluble  in  dilute  hydrochloric  or  acetic  acid,  easily  in  nitric  or  nitro-muriatic  acid. 
Svlphide  of  ammonium  precipitates  sulphide  of  nidcel,  slightly  soluble  in  the  reagent, 
forming  a  dark-brown  solution,  whence  Uie  sulphide  is  precipitated  by  boiling.  (Hence, 
a  brown  colour  in  the  filtrate  from  the  sulphide  of  ammonium  precipitate  is  a  sign  of 
the  probable  presence  of  nickel.) — Hydroei/anic  acid  precipitates  all  the  niekd  as 
greenish-white  cyanide,  from  acetate  of  nickel,  or  from  an^r  nickel-salt  mixed  with  sufll- 
cient  acetate  of  sodium. — Cyanide  of  potassium  precipitates  the  cyanide  from  all 
nickel-salts ;  excess  of  the  reagent  dissolves  the  cyanide  of  nickel,  forming  a  soluble 
double  (r)ranide  of  nickel  and  potassium,  which  is  decomposed  by  dilute  sulphuric  or 
hydrochloric  acid,  hvdrocyanic  acid  being  evolved,  and  cyanide  of  nickel  precipitated, 
which  requires  boilinc  with  excess  of  acid  for  its  conversion  into  a  soluble  nickel- 
salt  Ferroeyanide  of  potassium  ffives  a  greenish-white  precipitate ;  ftrricyaadde  a 
yellowish-green  precipitate,  both  insoluble  in  hydrochloric  acid. — t'hosphaU  or  arse- 
note  of  sodium  eives  a  greenish-white  precipitate  of  phosphate  or  arsenate  of  nickeL 
Oxalic  add  gradually  precipitates  all  the  nickel  as  greenish-white  oxalate,  soluble  in 
ammonia ;  when  the  solution  ^  is  exposed  to  the  air,  the  oxalate  of  nickel  slowly 
separates  out. — Alkaline  carbonates  precipitate  an  apple-green  basic  carbonate^  soluble 
with  greenish-blue  colour  in  excess  of  carbonate  of  ammonium. — Potash  precipitates 
the  apple- green  hydrate,  insoluble  in  excess,  soluble  in  ammoniacal  salts. — Ammonia 
does  not  precipitate  nickel-salts  when  free  acid  or  chloride  of  ammonium  is  present ; 
from  neutral  solutions  it  partially  precipitates  the  hydrate,  which  is  soluble  in  excess, 
forming  a  blue  solution,  whence  toe  hydrate  is  precipitated  on  the  addition  of  suffi- 
cient potash.  If  but  little  nidcel  be  present,  the  ammoniacal  solution  becomes  distinctly 
blue  only  after  long  exposure  to  the  air. — Alkaline  hypochlorites  mixed  with  caustic 
alkali  (a  solution  of  bleaching  powder  or  chloride  of  soda  for  example)  form  a  black 
precipitate  of  hydrated  peroxide  of  nickeL 

3.  Quantitative  Estimation. — Kickel  is  best  precipitated  ftom  its  solutions  by 
caustic  notashf  which  throws  down  an  apple-green  precipitate  of  the  hydrated  protoxide, 
and  if  tne  liquid  be  heated,  leaves  not  a  tzace  of  nickel  in  the  solution.  The  precipi- 
tate must  be  washed  with  hot  water,  dried,  ignited,  and  weighed ;  it  then  consists  of 
pure  protoxide  of  nickel,  containing  78*57  per  cent,  of  the  metaL 

The  oxide  may  also  be  reduced  by  heating  it  to  redness  in  a  stream  of  hydrogen, 
and  the  reduced  metal  weighed  after  cooling  m  the  stream  of  gas. 

In  separating  nickel  from  other  metals,  it  is  often  necessary  to  precipitate  it  by  suU 
phids  of  ammonium ;  this  precipitation  is  attended  with  difficulties,  because  the  sul- 
phide of  nickel  is  somewhat  soluble  in  the  alkaline  sulphide.  To  make  the  precipita- 
tion as  complete  as  possible,  Hose  directs  that  the  solution  be  diluted  with  a  considerable 
quantity  of  water,  and  then  treated  with  sulphide  of  ammonium,  as  nearly  colourless 
as  it  can  be  obtained,  avoiding  a  large  excess  of  the  precipitant  and  likewise  an  excess 
of  ammonia ;  the  glass  is  then  to  be  covered  up  with  Altering  paper,  and  left  in  a  warm 
place.  Under  these  circumstances,  the  excess  of  sulphide  of  ammooium  is  decomposed 
by  the  oxygen  and  carbonic  add  of  the  air,  without  risk  of  the  sulphide  of  nickel  oeing 
oxidised.  As  soon  as  the  supernatant  liquid  has  lost  its  brown  colour,  the  predpitate 
is  collected  on  a  filter  and  washed  as  quickly  as  possible  with  water  containing  a  little 
sulphide  of  ammonium.  It  must  then  be  dissolved  in  nitromuriatic  acid,  and  the 
nickel  predpitated  by  potash  as  above. 

4.  Separation  from  other  Metals. — The  methods  of  separating  nickel  fsom. 
other  metals  are  for  the  most  part  the  same  as  those  already  described  for  separating 
cobalt  from  the  same  metals  (i.  1045),  excepting  of  course  the  precipitation  with  nitrite  of 
potatisium,  and  the  other  methods  which  serve  for  the  separation  of  cobalt  from  nickel  itself. 
From  copper  and  the  other  metals  of  the  first  group,  it  is  separated  by  sulphydric  acid; 
from  the  metals  of  the  alkalis  and  alkaline  earths  and  from  magnesium, 
by  preoipitiition  with  sulphid^e  of  atnmonium,  with  the  precautions  above  indicated,  and 
in  the  case  of  m  a  g  n  e  b  i  a,  with  addition  of  sal-ammoniac  to  retain  that  base  in  solution. 
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Nickel  may  sometimes  be  separated  from  the  al  k  a  1  i-m  e  ta  1  s  by  cTiiporatiiig  tfae  whole 
to  dryness  and  igniting  the  mixture  in  a  current  of  hydrogen,  whereby  the  nicVel  is 
reduced  to  the  metallic  state  and  may  be  separated  from  the  alkaline  salts  by  dissolving 
out  the  latter  with  water.  This  mode  of  separation  is  especially  applicable  when  the 
metals  are  in  the  state  of  chloride. 

From  magnesium,  nickel  maybe  separated  hj  ci/anide  of  potassium^  The  two 
metals  are  first  precipitated  by  an  alkaline  carbonate,  and  cyanide  of  potassium  is  then 
added  in  quantity  sufficient  to  redissolve  the  magnesium,  a  fresh  quantity  of  alkaline 
carbonate  is  then  added,  and  the  whole  is  evaporated  to  dryness.  On  treating  the  re- 
sidue with  water,  the  magnesia  remains  undissolved,  while  the  nickel  dissolves  as  double 
cyanide,  and  may  be  precipitated  by  sulphide  of  ammonium  as  above. 

When  the  magnesium  and  nickel  can  be  converted  into  neutral  acetates,  the  separa- 
tion is  easily  e£fected  by  passing  sulpkydric  acid  gas  through  the  dilute  solution.  The 
nickel  is  then  completely  precipitated  as  sulphide,  while  the  magnesium  remains 
dissolved. 

liBsUy,  the  separation  of  nickel  and  magnesium  maybe  effected  by  treating  the  solu- 
tion with  a  mixture  of  hj/pochlorite  and  hydrate  of  potassium  or  sodium^  whereby  per- 
oxide of  nickel  is  precipitated,  mixed  or  combined  with  hydrate  of  magnesium ;  and 
the  precipitate  after  thorough  washing,  is  digested  with  an  excess  of  solution  of  nicr- 
curie  chloride,  A  double  chloride  of  magnesium  and  mercury  is  thereby  formed,  and 
the  magnesia  remains  dissolved,  an  equivalent  quantity  of  oxycliloride  of  mercury 
being  at  the  same  time  precipitated.  The  solution  is  evaporated  to  dryness,  the  residue 
calcined  and  treated  with  pure  nitric  acid,  the  resulting  solution  evaporat-cd  tu  dryness, 
and  tbe  residue  of  nitrate  of  magnesium  calcined  and  weighed  as  magnesia.  The 
peroxide  of  nickel  is  also  ignited  to  drive  off  the  mercuiy  with  which  it  is  mixed,  and 
finally  reduced  to  the  metallic  state  by  ignition  in  a  current  of  hydrogen.  (H.  Hose, 
Traits  de  Chimie  Analytique,  1861,  ii.  213.) 

From  barium,  strontium,  and  calcium,  nickel  may  be  separated  by  cyanide  of 
potassium  in  Uie  same  manner  as  from  magnesium. 

From  aluminium  nickel  may  be  separated  by  the  same  processes  as  cobalt 
(i.  1045),  also  by  cyanide  of  potassium  in  the  manner  just  described  for  magnesium ;  or 
by  earbimate  of  barium^  which  precipitates  the  aluminium  and  not  the  nickel. 

From  iron  (in  the  ferric  state)  nickel  may  be  separated  by  succinate  of  ammonium 
or  by  acetaU  ofsodiuMf  or  bpr  digesting  the  precipitated  sulphides  in  dilute  hydrochloric 
a<;M2  as  described  for  cobalt  (l  1046) ;  from  manganese  by  the  last  mentioned  method ; 
also  hy  pentasulphide  ofcahiumy  or  by  cyanide  of  potassium^  or  by  igniting  the  mixed 
chlorides  in  an  atmosphere  of  hydrogen^  exactly  as  described  for  cobalt ;  from  zinc  also 
by  this  last  method,  or  by  converting  the  two  metals  into  acetates,  adding  a  large  excess 
of  add,  and  precipitating  the  zinc  with  sulphydric  acid  as  for  cobalt.  From  uraniu  m, 
nickel  is  separated  by  precipitating  the  former  metal  in  the  state  of  uranic  oxide  with 
carbonate  of  barium. 

The  methods  of  separating  nickel  from  cobalt  have  been  already  described  (i.  1046). 
Liebig's  method  may  be  advantageously  modified  as  follows : — Instead  of  treating  the 
solution  of  the  mixed  cyanides  with  mercuric  oxide,  a  solution  of  hypochlorite  of  sodium 
is  added  in  excess  to  the  boiling  alkaline  liquid,  in  quantity  sufficient  to  destroy  the 
free  cyanide  of  potassium.  The  nickel  is  thereby  precipitated  as  peroxide  in  the  form 
of  an  intensely  black  powder,  which  is  easy  to  wash,  and  may  then  be  converted  by 
ignition  into  the  protoxide,  in  which  state  it  may  be  weighed.  Traces  of  nickel  which 
escape  discoreiy  by  other  methods  may  thus  often  be  detected  in  cobalt.  Care  must 
be  taken  to  ascertain  the  absence  of  manganese,  as  it  woidd  go  down  with  the  nickel, 
accompanied  also  by  traces  of  iron  if  the  latter  metal  were  present  {Miller's  Elements 
of  Chemistry,  Srd  ed.  pt  ii.  p.  568.) 

Analysis  of  Nickel-ores. — ^Most  of  these  ores  contain  large  quantities  of  arsenic,  the 
separation  of  which  by  precipitation  with  sulphydric  acid  is  along  and  tedious  process. 
A  better  method  is  to  fose  the  finely  divided  compound  with  six  times  its  weight  of  a 
mixture  of  equal  portions  of  nitro  and  carbonate  of  sodium,  extract  the  alkaline  arse- 
nate thus  ibrmed  with  water,  and  dissolve  the  remaining  oxides  in  hydrochloric  acid. 
Or  the  compound  may  be  Aised  with  three  times  its  weight  of  sulphur  and  carbonate 
of  potassium,  the  alkaline  sulpharsenate  extracted  with  water,  and  the  residual 
sulphides  dissolved  in  hydrochloric  acid  with  gradual  addition  of  nitric  acid.  The  add 
solution,  in  either  case,  is  then  nearly  neutrah'sed  with  carbonate  of  sodium,  acetate  of 
sodium  is  added,  and  the  whole  is  heated  to  boiling,  whereby  all  the  iron  is  precipitated. 
The  filtrate  is  acidulated  with  hydrochloric  add  and  saturated  with  sulphydric  acid  (to 
remove  copper,  bismuth,  &c.)  and  filtered ;  the  filtrate  is  heated  to  expel  sulphydric 
add ;  and  tne  cobalt  and  nickel  are  predpitated  by  carbonate  of  sodium,  and  separated 
by  one  of  the  methods  above  referred  to.  Or  the  ore  is  dissolved  in  strong  hydrochloric 
add,  with  gradual  addition  of  nitric  add ;  the  solution  is  heated  to  boiling  and  nearly 
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neutraliBed  Trith  carbonate  of  sodium,  with  addition  of  acetate  of  sodium,  and  (unless 
the  precipitate  has  a  reddish-brown  colour)  of  ferric  chloride  also ;  the  liquid,  after 
boiling  for  some  time,  is  filtered  from  the  basic  ferric  arsenate  thus  produced ;  and  the 
filtrate,  which  is  now  free  £rom  arsenic  and  iron,  is  treated  as  before.  {ConingtorCs 
Manual  of  Chemical  Analysis,  p.  143.) 

6.  Atomic  Weight  of  Nickel. — Rothoff  (Pogg.  Ann.  viii.  184),  by  converting  a 
weighed  quantity  of  nickel-oxide  into  chloride,  and  determining  the  amount  of  chlonne 
contained  therein  by  precipitation  with  nitrate  of  silver,  found  the  atomic  weight  of 
nickel  to  be  Ni  »  29*5,  or  Nni  =  59.  Erdmann  and  Marchand  (Ann.  Ch.  Pharm. 
btxxii.  76),  by  the  ^alysis  of  the  protoxide,  found  Ni  «  29-27— 29*38.  Schneider 
(Ann.  Gh.  Pharm.  civ.  220),  from  the  analysis  of  oxalate  of  nickel,  found,  as  a  mean  of 
four  experiments,  Ni  =  29.  Dumas  (Ann.  Ch.  Pharm.  cxiiL  24),  by  the  same  method 
as  RothofT,  found  Ni  =  29-6 ;  and  kstly,  W.  J.  Russell  (CheuL  Soc.  J.  xvi.  68),  by 
reducing  pure  protoxide  of  nickel  in  an  atmosphere  of  hydrogen,  finds,  as  a  mean  of 
several  experiments,  Ni  =  29'37  or  Nni  =  68*74. 

srzcXBXi,  intrB»ftT.T».  Native  hydrocarbonate  of  nickel,  NniT0'.2Nm'1Q[«0\ 
(See  Cabbonates,  i.  789.) 

XrZCXBlb,  ribVOaXDa  or.  NiF  or  Nni"F*.— Obtained  b^  dissolving  oxide  of 
nickel  in  bvdrofluoric  acid,  and  separates  from  the  acid  solution  in  irregular  green  ctys- 
taXs.  It  unites  with  the  fiuorides  of  the  alkali-metals,  forming  very  soluble  double  fluorides 
which  are  deposited  in  gnmular  crystals  on  evaporation.  Fluoride  of  nickel  and  alt*' 
minium  separates  by  evaporation  from  a  mixed  solution  of  the  component  fluorides,  in 
green  neemes  which  dissolve  in  water  slowly,  but  completely. 

Silicofluoride  of  nickel  crystallises  in  green  hexagonal  prisms. 

irZCXS&,  XOBIDB8  OP.  Nil  or  Nnil^— When  pulverulent  nickel  is  heated 
in  iodine-vapour,  a  mixture  of  iodide  of  nickel  with  metallic  nickel  and  the  oxide  is 
formed,  from  which  the  pure  iodide  may  be  obtained  by  substitution,  also  by  heating 
the  hydrated  iodide.  It  forms  iron-black  metallic  shining  scales  which  become  moist 
on  contact  with  the  air,  form  a  red-brown  solution  with  a  small  quantity  of  water,  and 
a  green  solution  with  a  larger  quantity.  This  solution  may  also  be  prepared  by 
dissolving  hydrate  of  nickel  inhydriodic  add,  or  by  treating  finely  divided  nickel  with 
water  and  excess  of  iodine.  When  evaporated,  it  deposits  the  hydrated  iodide, 
Nni"P.6H''0,  in  deliquescent  crystals^  which  when  heated  in  contact  with  the  lur,  give 
off  a  little  iodine,  yield  a  sublimate  of  the  anhydrous  iodide,  and  leave  a  residue  of 
nickel-oxide.  The  aqueous  solution  dissolves  a  considerable  quantity  of  iodine,  which 
colours  it  brown-red. 

An  osyiodide  of  nickel  is  formed  by  digesting  the  solution  of  the  iodide  with 
hydrate  of  nickel,  or  by  evaporating  the  same  solution  quickly  to  dryness  in  contact 
with  the  air,  and  dissolving  out  the  undecomposed  iodide  fix>m  the  residue  with 
water. 


yellowish- 

m  hot  aq 

Nni1^6NH',  sparingly  soluble  in  water  and  in  aqueous  ammonia.    The  ammoniacal 

solution  mixed  with  alcohol  yields  a  green  precipitate  containing  ammonia. 

xrZCXS&«  VXTKZDa  or.  Formed,  according  to  Schrotter,  by  heating  pro- 
toxide of  nickel  to  206°  in  ammonia-gas. 

VZCXB&v  OXZBB8  4ir.  Nickel  forms  two  oxides,  a  protoxide  and  a 
sesquioxide ;  the  former  only  is  a  salifiable  base. 

Protoxide,  Ni'O  or  Nni^O. — This  oxide  is  obtained  in  the  anhydrous  state  by 
calcining  the  nitrate,  hydrate  or  carbonate  of  nickel,  or  by  heating  metsdlic  nickel  with 
nitre.  It  may  be  freed  frova  traces  of  peroxide  which  it  sometimes  contains,  hj 
heating  it  to  about  100°  in  hydrogen-gas  (Erdmann).  Russell  (Chem. Soc  J.  zvl 
68)  prepares  it  by  calcining  oxalate  of  nickel,  dissolving  the  residue  in  nitric  acid, 
evaporatinff,  and  exposing  the  residue  to  strong  and  continued  ignition  over  a  gas 
fumacCi  It  is  a  dense  green  or  greyish-green,  non-magnetic  powder,  which  does  not 
absorb  oxygen  from  the  air,  either  at  common  or  at  higher  temperatures.  It  is 
reduced  to  the  metallic  state  by  hydrogen  at  a  red  heat,  and  by  charcoal  at  a  white 
heat. 

Anhydrous  oxide  of  nickel  has  been  found  crystallised  on  the  surface  of  black  copper 
(ii.  30)  reduced  from  nickeliferous  copper  ores,  in  microscopic  regular  octahedrons, 
opaque  with  metallic  lustre,  non-magnetic,  and  having  a  specific  gravity  of  6*606, 
insoluble  in  nitric,  hydrochloric,  and  even  nitro-hydrochloric  acid,  and  dissolving  with 
difficuhy  in  boiling  sulphuric  acid  (Gen th).  Similar.cryptals  of  anhydrous  nickel- 
oxide  have  been  found  by  Bergemann(J.  pr.  Chem.  Ixzv.  263),  together  with  native 
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btsmiitli,  in  cavities  of  a  mineral  chiefly  conaisting  of  arsenate  of  nickel,  said  to  be  from 
Johann-Geofgeofitadt  Debraj  (Compt  rend.  Hi.  985)  has  obtained  protoxide  of 
nidLel  in  the  crystalline  form  by  strongly  igniting  a  mixture  of  sulphate  of  nickel  and 
milphate  of  potaaeium. 

The  kydraUd  protoxide  or  hydrate  of  niekely  NiHO  or  Nni"H'0^  is  obtained  as  an 
apple-green  precipitate,  by  treating  the  solution  of  a  nickel-salt  with  excess  of  caustic 
potash  or  soda,  and  is  deposited  as  a  green  crystalline  powder  from  a  solution 
of  the  carbonate  in  excess  of  ammonia  on  standing  or  evaporation  (Pelouze  and 
Frimy).  When  heated  it  gives  off  its  water,  and  leaves  the  anhydrous  protoxide. 
It  dissolves  easily  in  acids,  forming  the  nickel  salts ;  also  in  ammoyia,  forming  a  violet 
solution,  from  which  it  is  precipitated  by  the  fixed  alkalis  or  alkaline  earths,  the  precipi- 
tate oonsLsting  of  a  compound  of  oxide  of  nickel  with  the  precipitating  oxide. 

A  oystalline  hydrate  of  nickel  containing  Nni''H*O^H'0  has  been  found  as  an 
incmstetion  on  chzomo-iron  at  Texas  in  Pennsylvania.  It  is  transparent,  has  an 
emerald-green  colour,  and  a  density  of  3*05.    (Silliman,  Sill.  Am.  J.  [2]  iii.  40.) 

Protoxide  of  nickel  unites  with  other  metallie  oxides,  playing  the  part  of  an  acid 
with  strong  bases,  such  as  potash  (md,  svpj)  and  that  of  a  base  with  alumina,  ferric 
oxide,  &C.  When  ammonia  is  added  to  a  solution  containing  nickel  together  with 
metals  whose  oxides  are  insoluble  in  ammonia,  the  precipitated  oxide  almost  always 
carries  down  with  it  a  certain  quantity  of  nickel-oxide :  hence  this  method  of  separat- 
ing nickel  from  other  metals  does  not  give  exact  results  in  quantitative  analysis.  The 
same  indeed  is  true  more  or  less  with  regard  to  the  separation  of  all  metals  by  the 
relatire  solubilities  of  their  oxides  in  caustic  alkalis,  e.g,  of  aluminium  and  iron  by 
potash. 

Seequioiide  or  Peroxide  of  Nickel,  Ni*0'  or  NniW. — This  oxide  is  pro- 
duced W  calcining  the  nitrate  at  a  moderate  heat.  It  is  a  black  powder  of  specific  gravity 
4*84  (Herapath^  which  is  resolved  by  ignition  into  oxygen  and  the  protoxide,  and 
behaves  with  acios  like  a  peroxide,  dissolving  in  them  with,  evolution  of  oxygen,  and 
forming  solutions  of  nickel-salts. 

A  hydrated  eesqtUoxide,  l&'C.SHK)  or  ImiH'O',  is  obtained  by  treating  the  hy- 
drated  protoxide  or  the  carbonate  with  chlorine-water  or  the  solution  of  an  alkaline 
hypochlorite,  or  by  precipiteting  a  nickel-salt  with  a  mixture  of  caustic  alkali  and 
alluiline  hypochlorite.  It  is  dark  brown  while  suspended  in  water,  but  forms  a  black 
shining  mass  when  drr.  When  heated  it  readily  gives  off  water  and  oxygen.  With 
aa'de  it  behaves  like  me  anhydrous  sesquioxide,  but  dissolves  with  greater  facility. 
With  aqueous  oxalic  acid,  it  forms  oxalate  of  nickel,  with  evolution  of  carbonic 
anhydride.  It  dissolves  in  ammoniaf  with  evolution  of  nitrogen,  the  solution  contain- 
ing protoxide  of  nickeL 

Another  hvdrated  peroxide  of  nickel  of  dingy  light-green  colour,  but  unknown 
composition,  is  obtained  hj  treating  the  hydrated  protoxide  with  peroxide  of  hydrogen. 
(Th^nard.) 

MICMJBSif  OXTCBXiOXIBS  OF.  Formed  by  digesting  the  hydrated  pro- 
toxide in  aqueous  chloride  of  nickel.  It  is  sparingly  soluble  in  water,  and  turns 
reddened  litmus-paper  blue. 

MlCMMtn  OZTOSV-SAXiTB  OF.  Nickel  forms  but  one  class  of  salts,  cor- 
responding in  composition  to  the  protoxide,  chloride,  &c.,  e.a,  the  nitrate  NiNO'  or 
Nni'TJ*0«,  the  sulphate  Ni«SO*  or  Nni'SO*.  the  acetate  C*H»NiO«  or  C*H«Nni''0*,  &c. 
Most  of  them  are  soluble  in  water  and  are  produced  by  dissolving  either  of  the  oxides 
or  the  corresponding  hydrates  in  acids,  the  sesquioxide  being  first  reduced  to  protoxide ; 
in  many  cases  also,  with  evolution  of  hydrogen,  by  acting  on  the  metal  with  dilute 
acids,  the  pulverulent  metal  dissolving  easily,  the  compact  metal  often  very  slowly. 
Those  nickel-salts  which  are  insoluble  in  water,  and  are  obtained  by  precipitation,  e.g. 
the  carbonate,  borate,  and  phosphate,  dissolve  readily  in  nitric,  hydrochloric,  and  sul- 
phuric add,  &c. 

Nickel-salts  are  for  the  most  part  emerald  or  apple-green  in  the  hydrated  stete, 
yellow  when  anhydrous,  so  that  characters  traced  on  paper  with  a  nickel  solution  turn 
yellow  when  heated.  Soluble  nickel-salts  redden  litmus  slightly,  have  an  astringent 
metallic  taste,  and  exert  an  emetic  action.  Those  which  contain  volatile  acids  aro  de- 
composed by  ignition,  the  inorganic  salts  generally  leaving  a  residue  of  protoxide,  the 
organic  salts,  metallic-nickeL     (For  their  behaviour  with  reagents,  see  p.  38.) 

SZCnCSL,  OXTZODSDS  OF.     See  p.  40. 

MTCWltt,  FX08FXZB28  OF.  The  triiophoephide,  Ni^P  or  Nni*P*,  is  obtained 
by  heating  chloride  or  sulphide  of  nickel  in  a  current  of  phosphoretted  hydrogen  gas. 
It  is  black,  insoluble  in  hydrochloric  add,  but  easily  decomposed  and  dissolved  by 
nitric  acid.    (H.  Bose,  Pogg.  Ann.  xxiv.  322.) 
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A  phosphide  contumng  only  a  small  ananti^  of  phoephorua  is  obtained : — 1.  By 
passing  phosphonis-Tapoiirover  red-hot  nickel  (Davy),  or  by  throwing  pieces  of  phos^ 
phoros  on  it  (Pelletier). — 2.  By  fosing  nickel  with  glacial  phosphoric  acid  and 
charcoal  powder  (Pelletier),  or  6  to  8  pts.  nickel-filings  or  nickel-oxide,  with  10  pts. 
bone-ash,  5  pts.  pounded  quartz,  and  1  pt.  charcoal  in  a  charcoal-lined  crucible  (Ber- 
thier).    It  is  silver-white,  brittle,  much  more  fusible  than  nickel,  not  magnetic. 

WZCXX&9  BWSJBXXDM  OV.  Ki*Se  or  Nni'Se. — Obtained  by  igniting  metallic 
nickel  in  selenium-yapour,  as  a  silver-white,  non-magnetic,  brittle  ciystalline  mass 
(apparently  monometnc),  having  a  dull  metallic  lustre,  and  specific  gravi^  »  8*462. 
It  is  not  attacked  by  hydrochloric  acid,  slowly  dissolved  by  nitric  acid,  completely  by 
nitromuriatic  acid.  When  fused  with  borax,  it  yields  a  golden  yellow  metallic  mass 
with  striated  siurfaoe.    (G.  Little,  Ann.  Gh.  Fharm.  cxii.  211.) 

VZCMMOb,  BZ&ZOATB  07.    See  Fxhblitb  and  Siucatbs. 

HZCKUby  BVXiFBATa  OV«  This  salt  occurs  as  a  hydrate  in  capillary  inter- 
lacing crystals  at  Wallace  mine.  Lake  Huron,  on  a  sulphide  of  nickel  and  iron,  mostly 
as  an  efflorescence.  Kobell's  j^/romelin,  occurring  as  an  earthy  pale  yellow  crust,  with 
native  bismuth  and  arsenical  nickel,  at  the  Frederich's  mine  near  Bayrent,  appears  to 
be  the  same  species.    (See  Sulphates.) 

IKICMMIh  smLVBZBB  OF.  Nickel  forms  with  sulphur  the  three  following 
compounds :  ^ 

a.  Hemisulphide,  Ki^  or  Nni*S.  Produced  by  igniting  stdphate  of  nickel  in  a 
current  of  hydrogen.  Pale  yellow,  metallic-shining,  brittle,  magnetic  mass,  which  may 
be  melted  in  glass  vessels.  * 

fi,  Protosulphidef  Ni'  or  Nni^S.  This  compound  occurs  native  as  Capillary 
Pyritea  (Haarkiee),  in  rhombohedral  crystals  havins  the  length  of  the  principal  axis 
Bs  0*3295,  the  angle  B :  B  «>  144°  8',  and  perfecuy  deavable  parallel  to  the  rhom- 
bohedral faces;  more  frequently  in  delicate  capillary  crystallisations.  Hardness 
s  3 — 3*5,  specific  gravity  5*25— ->5*65  (the  mineral  from  Joachimsthal,  4*001  according 
to  Eennffott).  It  is  brittle,  has  a  brass-yellow  oolour  and  metallic  lustre,  and  is 
bright  in  the  streak.  It  usually  occurs  in  capillaiy  crystals  in  the  cavities  and  among 
the  crystals  of  other  minerals,  as  at  Joachimsthal  m  Bohemia;  at  Johanngeorgenstadt, 
Przibram,  Biechelsdorf,  Andreasberg;  in  Comwalli  &c;  also  in  Lancaster  County, 
Pennsylvania. 

Protosulphide  of  nickel  is  formed,  with  emission  of  lights  when  sulphur  is  fused  in 
contact  with  finely  divided  nickel ;  it  is  also  produced  by  the  action  of  sulphur,  or  a 
mixture  of  sulphur  and  potash  on  the  oxides  of  nickel  at  a  red  heat ;  and  by  igniting 
the  protoxide  in  sulphydric  acid  gas;  lastly,  according  to  Berthier,  by  reducing  sul- 
phate of  nickel  with  oharooal-powder ;  in  this  case,  however,  a  small  quantity  of  the 
hemisulphide  is  formed  at  the  same  time.  When  prepared  by  either  of  these  methods 
it  resembles  the  native  sulphide  in  colour  and  lustre.  It  is  less  fusible  than  the  hemi- 
sulphide ;  is  decomposed  by  ignition  in  the  air,  but  not  in  close  vessels.  It  is  but 
slowly  decomposed  when  heated  in  chlorine  gas,  and  not  at  all  by  hydrogen  at  a  red 
heat.    It  dissolves  slowly  in  hot  nitric  or  nitromuriatic  acid. 

A  hydrated  protostdphide  of  nickd  is  obtained  by  the  action  of  sulphydric  acid  on 
neutral  solutions  of  nickel-salts  containing  weak  acids,  the  acetate  for  example,  or  by 
precipitating  any  neutral  nickel-solution  with  sulphide  of  ammonium  or  potassium.  It 
has  a  dark  brown  colour,  nearly  black.  It  oxidises  on  exposure  to  the  air,  and  is 
converted  into  soluble  sulphate.  When  heated  out  of  contact  with  air,  it  gives 
off  water  and  melts  to  a  mass  of  the  anhydrous  sulphide.  When  recently  precipitated 
and  still  moist,  it  dissolves  sparingly  in  sulphurous  acid,  also  in  ammonia  and  sul- 
phide of  ammonium,  potassium,  &&,  forming  a  brown  solution  which,  on  exposure  to  the 
air,  becoms  colourless  and  deposits  sulphide  of  nickel.  The  precipitated  sulphide  is 
nearly  insoluble  in  acetic  or  dilute  hj'drochloric  acid,  although  a  veiy  small  quantity 
of  free  hydrochloric,  sulphuric,  or  even  acetic  acid,  suffices  to  prevent  its  formation  in 
solutions  of  nickel-salts  by  the  action  of  sulphydric  add.  Nitric  and  nitromuriatic 
acids  dissolve  it  more  readily. 

DisulphidCf  Ni'S'  or  NniS*.  Obtained  by  heating  a  mixture  of  carbonate  of 
nickel,  carbonate  of  potassium,  and  sulphur  to  dull  redness.  The  mass  when  washed 
leaves  the  disulphide  in  the  form  of  a  steel-grey  powder,  which  is  decomposed  by 
chlorine,  with  formation  of  chloride  of  nickel  and  chloride  of  sulphur. 

S^narmont,  by  decomposing  chloride  of  nickel  with  chloride  of  potassium  at  160°, 
obtained  a  yellowish  sulphide  of  nickel  having  the  composition  Nni^*  or  NniS.Nni*8'. 

»ZOKB&  Ain>  ntOWp  SVIPBXBB  or.  (^Nni.SFfe)'^.— Occurs  near 
Lillehamracr  in  southern  Norway,  in  'monometric  czystals  witn  octahedral  deavage, 
or  in  granular  mai^scs.    Hardness  =  3*5 — 4.   Specific  gravity  ■■  4*6.   It  lb  not  mag- 
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netic^  has  a  bronze-yeUow  oolonr,  and  light  bronze-brown  streak.  Contains  22-28 
per  centv  nickel,  40*86  iron  and  36*86  snlphiir.  It  occnrs  -with  copper  p3rrite8  in 
nomblende  rocks,  and  is  worked  for  the  extraction  of  nickeL  An  impure  variety, 
alightJy  mixed  with  magnetic  iron  ore^  is  found  at  Inyeraiy  in  Aigyleshire. 

See  NicxBL,  Absbkatb  of  (p.  35). 

Boumonite  or  sulphantimonite  of  lead  and  copper 
(i.  651)  from  Wolfeberg,  in  which  lead  is  partly  replaced  by  nickel  and  cobalt,  con- 
tains 19*87  per  cent,  sulphur,  24*28  antimony,  3*22  arsenic,  3o'o2  le^,  9*05  copper, 
5*47  nickd  and  cobalt,  and  0*84  iron  (»  98*25).  (Bammelsberg,  Fogg.  Ann. 
lxxvii.253.) 

VXCXaXr-O&AJTCB.  A  mineral  species  analogous  to  cobalt-glance  (i.  1057)  in 
fonn  and  composition,  and  expressible  chemically  by  the  formula  Ni=S(As ;  Sb)  or 
NniS(As ;  Sb)  -or^  NniS'.Nni(As  ;  8b)',  the  arsenic  and  antimony  being  sometimes 
present  together,  sometimes  singly,  thus  forming  the  three  varieties,  antimonial, 
arsenical  and  antimonio-arsenieal  nickel^lance. 

The  oystals  of  this  species  belong  to  the  monometric  system,  being  for  arsenical 
nickel-glance,  cubes,  octahedrons^  and  the  intermediate  forms  shown  in  figures  174, 175, 
176  (CSaTBTAixooRAPEr),  and  combinations  of  the  pentagonal  dodecahedron  with  the 
cube  (fig.  211)  and  octahedron.  For  the  varieties  containing  antimony  the  prevailing 
form  is  the  octahedron  modified  by  faces  of  the  cube.  Cleavage  cubic  in  all  varieties. 
The  mineral  likewise  occurs  massive,  with  granular  structure ;  the  purely  arsenical 
variety  also  lamellar.  Hardness  ■-  5—5-5.  Sp.  gr.  «  5-6 — 6-9  (of  the  antimonial 
varieties,  6*2 — 6*5).  Lustfe  metallic.  Colour  silver-white  to  steel-grey.  Streak 
grejrish-black.    Fracture  uneven.    Brittle. 

Analyses :  1.  Antimonial, — a.  From  the  Landskrone  mine  in  Siegen,  Westphalia ; 
mean  of  two  analyses  (H.  Bose,  Fogg.  Ann.  xv.  588). — 2.  Antimonio^arsenical. — 
5.  Albertine  mine  near  Harzgerode  in  the  Hartz  (H  am  m  els  berg,  ibid.  Ixviii.  511). — 
e,  Sayn-Altenkirchen  (UUmann,  Bammdsber^s  Mineralckemif,  p.  63).— d.  Frens- 
burg  (Elaproth,  SeitrSae,  vi  329).— 8.  Arsenical,  e.  Haueisen  near  Lobenstein  in 
Thuringia:  sp.  gr.  5*954  (Bammelsberg,  loc.  cit).^-f.  Jungfer  mine  near  Miiaen: 
crvstalUsed  (Schnabel,  Samm.  Mineralch, 'p.  62).—^.  Ffingstwiese  near  Ems:  ciys- 
tallised,  with  faces  of  the  pentagonal  dodecahedron  (Bergemann,  J.  pr.  Chem. 
Izxv.  244). — h,  Albertine  mine  near  Harzgerode  (Bammelsberg,  loc,  eit.).~-i,  Her- 
cuiy  mine  near  Ems:  massive  (Schnabel,  loc,  cit.). 
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There  are  also  varieties  of  nickel-glance  differing  somewhat  in  composition'  from 
the  above,  so  far  at  least  as  the  analyses  can  be  trusted,  viz.  1.  Amoihite^  occurring 
in  small  steel-grey  octahedrons  (hardness  «  4)  at  Lichtenberg  in  the  Fichtelgebirge 
(v.  K  o  b  e  11,  J.  pr.  Chem.  xxxiii.  403) ; — 2.  Gersaorffite  from  Schladming  in  Styria,  where 
it  occurs  both  crystallised  (Fless.  Ajin.  Ch.  Fharm.  li.  250)  and  massive  (Low o,  Fogg. 
Ann.  Iv.  503) ; — 3.  Nickel-jglance  from  Frakendorf  in  Hungary  (Lowe). 
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Bammelsberg  iiiggatts  that  sulphide  of  nickel,*  Nni"S,  may  be  monometric,  like  many 
ilphides  of  the  form  W^  and  in  that  case,  since  the  arsenide,  NniAs*,  is  likewise 
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monometric,  these  nickel-glances  may  be  regarded  as  isomoiphons  mixtures  having  the 
composition  f?tNni"S.«NiA8*  or  Nni(S ;  As*). 

Siegenite.    Linnsite  (oobaltoso-cobaltic  sulphide,   i. 


1050)  in  which  a  considerable  proportion  of  the  cobalt  is  replaced  by  nickel  a.  From 
Siegen  in  Prussia,  where  it  occurs  m  octahedrons  (Sehnab el,  Sammdiberff*s  Mineral' 
chemie,  p.  110).— -d.  From  the  same  locality  (Ebbinghaus,  /oc.  cit.), — c,  Finksborg 
Carroll  County,  Maryland:  pale  steel-grey,  with  a  yellowish  tinge;  distinct  cubic 
deayage;  intergrown  with  copper  pyrites  (Genth,  Sill.  Am.  J.  [2]  xxxiii.  415) — 
d.  La  Matte,  ISiGssouri :  seldom  crystalline,  sometimes  however  exhibiting  the  forms  O 
and  O  .  ooOoo ;  deayage  yery  indistinct ;  colour,  between  steel-g^y  and  tin-white 
(Genth,  loc,  eit): 

Cu.  Pb.       Gangue. 

-  100 

-  100-63 

2-23          .     .         0-4«^  -  99-59 

.     .         0-89         1-07  »  98-24 

CttpiUary  Pyrites,    Kative  sulphide  of  nickel  (p.  42). 

Sulphate  of  nickel  (see  p.  42,  also  Sclfhates). 

ncOTZjBJi Ul  Jk  TobaccO'Camphor,  C^H'^NK)'. — A  white  czystalline  substance 
obtained  by  distilline  tobacco-leayes  with  water.  It  is  soluble  in  water,  alcohol,  and 
ether;  melts  when  heated  and  then  gradually  evaporates.  (Hermbstadt^  Schw. 
J.  zxxi.  442;  Barral,  Compt.  rend.  zxi.  1376.) 

SrZCOTZO  iiOXB*  C*H*0*.  A  crystallisable  dibasic  add  found  in  tobacco-juice 
by  Barral  (Compt.  rend,  zxi  1374).  According  to  other  chemists,  however,  the  only 
adds  contained  in  tobacco-juice  are  malic  and  citric  acids. 


s. 

Ni. 

Co. 

Fe. 

a. 

41-98 

33-64 

2209 

2-29 

h. 

42-30 

42*64 

11-0 

4-69 

e. 

89-70 

29-56 

25-69 

1-96 

d. 

41-54 

80-53 

21-34 

3-37 

mcOTnrB.  C^*H"N<.  (Gm.  xiy.  219;  Gerh.  iy.  184.>— Vauquelin  in  1809 
ascertained  that  the  acrid  principle  of  tobacco  was  volatile,  and  capable  of  separation 
from  its  compounds  by  means  of  a  fixed  alkali.  Posselt  and  Keimann  in  1828 
succeeded  in  obt-aining  it  in  a  state  of  comparative  purity  from  the  leaves  of  Nicotiana 
TabaeuMf  MacrophyWi  ruatica  and  M.  gluHnoaa,  For  a  long  time  nicotine  was 
supposed  to  have  the  formula  0*^N  &=  C*H*N,  which  was  subsequently  altered  to 
0*lPN  a  C*H'N,  in  accordance  with  the  more  accurate  analyses  ofMelsens  and 
SchloBsing;  but  Barral,  by  a  determination  of  its  vapour^nsity,  showed  it  to 
possess  in  the  free  state  a  condensation  twice  as  great  as  this,  its  formula  becoming 
therefore  C^JP*Ii*^  4  volumes  ofvapour,  or  in  accordance  with  modem  ideas  C'*H**N*« 
2  volumes.  It  is  considered  however  by  some  chemists  that  in  forming  certain  com- 
pounds, nicotine  breaks  up,  as  it  were,  into  two  groups,  having  the  composition 
C^H'N,  each  equal  to  H".  The  experiments  of  Kekule  and  v.  PI  ant  a,  who  treated 
nicotine  with  the  iodides  of  the  alcohol-radicles,  indicate  unmistakably  the  fact  that  in 
nicotine  the  group  C*H'  is  equivalent  to  H*.  The  molecule  of  nicotine  is  therefore 
derived  from  two  molecule  of  ammonia  in  which  the  hydrogen  is  replaced  by  C^H', 
thus: — 


C»ffW-j^(gHOderiTed&omjN^ 


This  explains  why,  in  treating  nicotine  with  oxalic  acid  and  with  chloride  of  benzoyl,  no 
substances  are  obtained  anidogous  to  oxanilide  or  benzanilide  (Gerh.  iv.  185).     On 
the  other,  hand,  most  chemists  of  the  present  day  will  prefer  to  regard  nicotine 
as  a  diamine.    There  is  indeed  no  suffident  evidence  to  show   that  any  splitting 
up  of  nicotine  takes  place  under  the  influence  of  the  iodides  of  the  alcohol-radicles. 
We  shall  therefore  assume  in  this  artide  that  the  compounds  assumed  by  Gerhardt  to 
contain  one  atom  of  methyl,  ethyl,  &c.,  contain  twice  that  number,  and  that  the  vapour- 
density  correctly  represents  the  molecule  of  nicotine  which  enters  into  all  its  known  ( 
combinations.  . 
Preparation, — 1.  Tobacco-juice  is  treated  with  excess  of  solution  of  hydrate  of  potas-  ' 
slum ;  the  mixture  is  then  shaken  up  with  benzene  or  ether  in  stoppered  bottles ;  the  ! 
ether  is  decanted  and  distilled  at   a   gentle  heat  suffident  to  volatilise  the  ether ; 
and  the  heat  is  afterwards  raised  to  a  sunicient  temperature  to  driVe  over  the  nicotine. 
— 2.  A  mixture  of  lime  and  powdered  tobacco  is  placed  in  a'  cylinder  a*nd  a  current  of 
steam  from  a  boDer  is  sent  in,  the  other  end  of  the  cylinder  being  connected  with 
a.  condensing  worm.    The  liquid  which  comes  over  contains  nicotine,  ammonia^  and  , 
some  other  bases  not  yet  examined.     The  liquid  is  neutralised  with  sulphuric  acid 
and  the  solution  concentrated  by  evaporation.    When  suflidently  concentrated  it  is  i 
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treated  with  ammonia  to  liberate  the  nicotine,  and  ether  is  then  added:  the  ethereal  so- 
lution on  evaporation  yields  the  nicotine  almost  pure.  It  may  be  further  purified 
bv  rectification  (Bebize,  Compt.  rend.L  874). — 3.  Tobacco  in  very  small  pieces  is 
digested  with  dilute  sulphuric  acid  for  three  days  and  then  pressed.  The  residue  is 
repeatedly  treated  in  this  manner  until  it  has  lost  its  acrid  taste ;  and  the  liquid  so 
obtained  is  evaporated  to  half  and  then  distilled  with  lime.  The  distillate,  which 
contains  the  nicotine,  must  be  shaken  up  with  ether,  and  the  latter,  after  decantation» 
distilled.  The  ether  readily  distils  away,  leaving  the  nicotine  in  an  impure  state. 
It  is  to  be  kept  warm  for  a  considerable  time  and  then  heated  to  140°,  at  which 
temperature  it  will  give  off  ammonia  and  other  less  volatile  impurities.  Lime  is  to  be 
added  to  the  residue,  and  the  mixture  distilled  in  an  oil-bath  at  190°,  in  a  current 
of  hydrogen.  The  product  of  this  operation  redistilled  in  a  current  of  hydrogen 
yields  the  nicotine  pure  and  colourless  (Barral). — 4.  Tobacco  is  treated  with  water, 
and  the  solution  concentrated ;  the  extract  is  dissolved  in  alcohol,  which  after  decan- 
tation  is  likewise  concentrated;  and  this  last  extract  is  treated  with  hydrate  of 
potassium,  then  agitated  with  ether,  to  dissolve  the  nicotine  and  also  some  foreign 
sabstanoes,  which  are  0ot  rid  of  by  precipitating  the  alkaloid  in  the  state  of  oxalate. 
This  precipitate  is  wawed  by  agitating  it  with  ether,  then  treated  with  potash,  again 
dissolved  in  ether,  and  submitted  to  distillation.  The  residue  of  the  distillation 
is  coloured  but  limpid,  and  contains,  besides  nicotine,  water,  ether,  and  ammonia; 
a  temperature  of  140'^,  maintained  for  12  hours,  and  assisted  by  a  current  of  dry 
hydrogen,  suffices  to  expel  these  three  bodies,  so  that  the  nicotine  passes  over  pure  and 
colourless,  when  the  temperature  is  subsequently  raised  to  180°. — ^Two  lbs.  of  good 
tobacco,  grown  in  the  department  of  Lot,  are  capable  of  yielding  by  this  process  from 
60  to  60  grammes  of  nicotine.     (Schloosing.) 

The  amount  of  nicotine  in  leaf  or  manufactured  tobacco  may  be  accurately  ascertained 
by  a  simple  and  easy  process.  Ten  grammes  of  tobacco  are  exhausted  with  ammoniacal 
eth^r  in  a  continuous  distillatory  apparatus,  the  ammoniacal  gas  is  expelled  from  the 
nicotine  solution  by  boiling ;  the  liqmd  is  then  decanted,  and,  after  evaporation  of  the 
ether,  neutralised  by  a  solution  of  sulphuric  acid  of  known  strength.  (Schloesing, 
Compt  rend.  Dec.  1846,  Chem.  Gaz.  1847,  43.} 

Extruetion  of  nicotine  from  the  contents  oj  the  etomaeh,  or  from  the  substance  of 
animal  tissues  in  cases  of  ^isoning, — 1.  For  this  purpose  it  is  only  necessary  to  add 
excess  of  hydrate  of  potassium  and  repeatedly  extract  with  ether  or  pure  benzene.  On 
evaporation  in  a  retort  at  a  gentle  heat,  the  nicotine  will  remain  in  an  impure  state. 
It  may  then  be  converted  into  a  sulphate,  the  solution  filtered,  and  the  nicotine  re- 
obtained  by  a  repetition  of  the  first  process  by  means  of  hydrate  of  potassium  and  ether. 
— 2.  Or  the  contents  of  the  stomach  may  be  repeatedly  exhausted  b^  a  dilute  acid,  and 
the  filtered  and  evaporated  solution  may  be  made  to  give  up  its  nicotine  in  the 
manner  previously  indicated.  (See  also  Axjlaxoius,  Dbtectiov  of,  im  Chsmico-legal 
IHVBSTIGATIOirS,  voL  i  p.  125.) 

The  following  table  contains  the  percentage  of  nicotine  in  various  kinds  of  tobacco 
according  to  the  experiments  of  Scmoesing : — 

Kamcs  of  the 
tobaeoo. 
Lot 

Lot-et-Qaionne 
Nord 

nie-et-Vilaine 
Pas-de-Calais 

Proferties. — Colourless  transparent  oil,  which  does  not  freeze  at  —10°,  it  gives  ofl 
excessively  irritating  vapours  when  heated,  and  boils  at  250°  (Barral).  Its  specific 
gravity  at  various  temperatures  is  as  follows : 

Temp.     .         .        4®  16°  80°  60^  101*5° 

Sp.gr.    .        .     1033  1-027  1018  10006  09424 

Nicotine  has  a  burning  taste  even  when  very  much  diluted,  and  causes  choking.  When 
it  is  placed  on  the  tongue  of  a  dog  in  a  fattd  dose,  the  epithelium  separates  after  death 
with  facility  (Orfila).  It  dilates  the  pupil  when  taken  internally  (Orfila).  6  milli- 
fframmes  sufficed  to  kill  amiddle-sized  dog  in  3  minutes.  When^thof  agrainwasdzopped 
into  the  eye  of  a  cat,  contraction  of  the  pupil  took  place  followed  by  narcotic  symptoms 
which  passed  off  in  an  hour.  Nicotine  has  a  strong  alkaline  reaction ;  it  strongly  dc-fiects 
the  plane  of  polarisation  to  the  left.  At  100°  it  dissolves  10*58  per  cent  of  sulphur. 
It  is  veiy  soluble  in  waier^  alcohol^  ether,  and  fat  oils.  Dissolves  in  anv  quantity  in 
ttrpentine  and  hydrocarbons  havine  similar  solvent  powers.  Vapour-aensity  (after 
Hlluwing  for  a  residue  of  3  p-r  cent,  m  the  balloon)  6*607  ;  calc.  56 16. 


Nicotine  In  100  parte 

MameiofUie 

Nicotine  In  100  pts. 

of  ilio  dried  tobacco. 

tobacco. 

of  ihe  dried  tobacco. 

.     7*96 

Alsace 

.     3*21 

.     7*34 

Virginia  . 

.     6-87 

6*58 

Kentucky 
Maryland 

.     609 

.     6*29 

.     2*29 

.     4*94 

Havannah 

.     200 
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Beoomfositions, — 1.  Nicotine  rectified  erer  so  careftilly  in  a  cturent  of  hydrogen 
becomes  rabidly  yellow  and  finally  brown  when  exposed  to  liffht  or  air. — 2.  It  always 
leaves  a  resinous  residue  when  distilled. — 3.  Bums  with  a  bright  smoky  flame  in  a  lamp 
with  a  wick. — 1.  Evolves  inflammable  vapours  when  heated  to  its  boiling  point. 
— fi.  Boilinff  sidphuric  acid  decomposes  it  entirely. — 6.  Heated  with  tincture  cf  iodine 
it  yields  tn-iodonicotine  (Wertheim). — 7.  When  it  is  dropped  into  chlorine,  violent 
action  takes  place  sometimes  accompanied  with  emission  of  light ;  and  a  red  colour  is 
developed,  which  however  disappears  on  exposure  to  light  for  some  days.  This  decolor- 
ised fluid  treated  with  water,  yields  a  white  substance  which  czystallises  from  alcohoL 
— 8.  Hydrochlorate  of  nicotine  treated  with  chlorine  yields  a  crystallised  substance 
soluble  in  water  but  insoluble  in  aloohoL — 9.  Nitric  acid  decomposes  it,  yielding  a 
liquid  from  which  alkalis  disengage  a  volatile  base,  probably  ethylamine  (Anderson! 
— 10.  When  the  alcoholic  solution  is  treated  with  gaseous  cyanogen,  a  brown  non-basic 
substance  is  formed  (Hofmanu,  Stahlschmidt). — 11.  Cyanale  o/ethyliormB  with 
nicotine  a  compound  cxystallising  in  beautiful  lamins.    (Wurtz.) 

Reactions  of  Nicotine. — 1.  Nicotine  in  aqueous  solution  gives  with  tincture  of  iodine 
a  yellowish  turbidity  becoming  crimson,  this  reaction  occurring  even  when  the  nicotine 
solution  contains  only  y^^,^  of  base  (P  o  s  s  e  1 1  and  B  e  i  m  a  n  n ).  According  to  t.  Planta, 
the  precipitate  is  of  a  kermes-brown  colour.  (Probably  the  tint  changes  as  the  quantity 
of  iodine  tincture  becomes  larger.)— 2.  Aqueous  solution  of  nicotine  gives  white  precipi- 
tates with  solution  of  acetate  of  lead,  mercuric  chloride,  etannotts  arS,  stannic  chlorides, 
salts  of  einc,  and  gaUotannie  acid  ;  with  platinic  chloride,  a  yellow  precipitate ;  with 
ferric  salts,  an  ochro-yellow  precipitate  not  soluble  in  excess  of  base;  witn  trichloride 
of  gold,  a  reddish-yellow  precipitate.  With  chloride  of  cobalt,  a  blue  precipitate 
is  formed  becoming  green  and  slightly  soluble  in  excess  of  basa  When  percfuoride 
of  antimony  is  added  drop'  by  drop  to  a  solution  of  phosphoric  acid,  a  liquid  is 
obtained  which  gives  a  slight  turbidity  in  an  aqueous  solution  of  nicotine  containing 
^th  (Schulze).  Vfith  phosphate  of  magnesium,  an  aqueous  solution  of  nicotine 
gives  a  gelatinous  precipitate.  Hydrochloric  solution  of  nicotine  gives  with  solution 
of  platinic  chloride  a  yellow  crystalline  precipitate  if  the  solutions  are  strong; 
but  if  weak,  four-sided  prisms  are  deposited  after  a  time.  A  similar  solution 
of  nicotine  gives  with  picric  acid,  sulphur  yellow  flocks,  with  auric  chloride,  light 
yellow  flocks,  sparingly  soluble  in  hvdrochloric  acid. — 3.  Nitric  acid  partially  decom- 
poses nicotine,  with  evolution  of  red  fumes,  the  solution  when  boiled  becoming  of  a 
reddish-brown  colour  similar  to  the  tint  of  a  strong  solution  of  platinic  chloride.  Phos- 
pho-molybdic  add  gives  with  nicotine  and  its  salts  a  bright  bulky  yellow  precipitate. 
(Sonnenschein). 

Salts  of  irteottne.  Sulphate  of  Nicotine  is  uncrystallisable,  very  soluble  in  water 
and  in  alcohol.  100  pts.  of  sulphuric  acid  neutralise  329'7  of  nicotine,  corresponding 
to  the  formula  2C"H"N«H*.S0*.— The  nitrate  crystallises  with  difficulty.— The  hydro- 
chlorate,  C"'H'*N^.2HG,  is  a  deliquescent  salt  which  may  be  obtained  in  long  fibrous 
crystals  by  treating  nicotine  with  caseous  hydrochloric  acid,  and  keeping  the  product 
for  a  time  in  vacuo.    The  alcoholic  solution  deflects  the  plane  of  polarisation  to  the  j 

right. — The  phosphate  is  obtained  by  neutralising  an  aqueous  solution  of  phosphoric  < 

acid  with  nicotine,  as  a  syrupy  liquid  which  yields  large  laminar  crystals  resembling 
cholesterin. 

Oxalate  of  Nicotine  forms  crystals  very  soluble  in  water  and  boiling  alcohol,  insoluble 
in  ether. — The  acetate  is  a  syrupy  liquid  soluble  in  ether. — The  tartrate  forms  granular 
crystals  very  soluble  in  water. 

Double  salts  of  Nicotine,  Platinum-salt,  C»«H>^«.2HCL2PtCl».— When  a 
solution  of  platinic  chloride  is  added  to  a  strong  hydrochloric  solution  of  nicotine,  a 
yellow  crystalline  precipitate  is  obtained.  If  the  solutions  are  dilute,  four-sided  prisms 
will  gradually  form,  or  sometimes  large  ruby-red  crrstals.  The  salt  is  very  soluble  in 
slight  excess  of  nicotine ;  dissolves  with  difficulty  m  cold,  but  more  easily  in  boiling 
water,  is  insoluble  in  alcohol  and  in  ether. 

'  Compounds  of  Nicotine  vnih  Protochloride  of  Platinum,  a.  C"H"N*.4HC1.2Pta. 
When  nicotine  is  gradually  added  to  a  hydrochloric  solution  of  platinous  chloride,  the 
mixture  being  agitated,  an  orange-yellow  precipitate  is  obtained  having  the  above  com- 
position (Baewsky).  It  is  insoluble  in  cold  water,  but  soluble  in  boiling  water,  and 
is  deposited  from  the  latter  solution  on  standing  in  the  crystalline  form. 

fi.  When  the  mother-liquor  of  the  above  salt  is  evaporated,  red  prisms  are  obtained 
containing  only  2  atoms  of  hydrochloric  acid,  G»N*H'«.2PtGL2HCl.    (Raewsky.) 

Odd-salt,  Uvdrochlorate  of  nicotine  added  to  a  solution  of  auric  chloride  throws 
down  a  pale  yellow  flocculent  precipitate,  almost  insoluble  in  hydrochloric  add. 
(v.  Plant  a.) 
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Mereury'9alt,  of  Nicotine,  1.  With  Mercuric  Chlcride,  a.  C"^'«N*.Hhg"Cl».— 
Obtained  by  precipitating  a  solution  of  mercuric  chloride  by  a  solution  of  nicotine. 
—White  crystalline  precipitate,  insoluble  in  water  and  in  ether,  almost  insoluble  in 
ahsohoL    Melts  below  100''.     (Ortigosa.) 

0.  C'*H."N'.3Hhg''Cl*. — Obtained  by  adding  a  saturated  solution  of  mercuric  chloride 
to  a  dilute  solution  of  nicotine  in  hydrochloric  acid,  until  a  permanent  precipitate 
begins  to  be  formed.  The  turbid  liquid  when  left  at  rest  for  some  days,  yields  the  salt  in 
cobnrless  or  yellowish  crystals  often  an  inch  long,  sparingly  soluble  in  alcohol  or  cold 
water,  dissolving  readily  and  without  decomposition  in  water  acidulated  with  hydro- 
chloric acid,  decomposed  by  boiling  with  water.    (B  o  d  e  k  er.) 

y.  C'»H"N*.HCL4Hhg"Cl».  Crystalline  precipitate  obtained  by  adding  a  cold 
nentral  solution  of  hydrochlorate  of  nicotine  to  a  large  excess  of  aqueous  solution  of 
mereoric  chloride.  Dusolvee  in  boiling  water,  yielding  on  cooling  radiating  groups  of 
needles. 

Cyajvhchhrojneronraie  of  Nicotine,  Obtained  on  adding  to  a  dilute  solution  of 
neutral  hydrochlorate  of  nicotine,  about  an  equal  volume  of  a  saturated  solution  of  mer- 
curic cyanide.  It  is  deposited  in  tufts  of  silky  needles.  Dissolves  easily  in  cold  or 
boiling  water,  and  in  alcohol.  The  solution  is  not  precipitated  by  hydrate  of  potas- 
sium even  on  heating.  Treated  with  hydrochloric  acid,  it  evolves  hydrocyanic  acid. 
Its  formula  has  not  been  determined  with  certainty. 

2,  With  Mercuric  Iodide,  o.  C"H»<NMIhg"P.— Colourless  crystals  obtained  by  tri- 
turating nicotine  with  mercuric  iodide,  and  subsequently  treating  the  mass  with  boiling 
water.  The  reaction  is  so  energetic  that  sufficient  heat  is  evolved  to  vaporise  part  of 
the  nicotine. 

0.  C»*H»»N'.Hhg1*.2HL  To  prepare  this  salt,  nicotine  is  dissolved  in  dilute 
hydriodic  acid,  and  a  solution  of  mercuric  iodide  in  hydriodic  acid  is  added  until  the 
precipitate  ceases  to  be  redissolved,  and  the  solution  becomes  turbid.  The  salt  soon 
bcttins  to  crystallise.  The  mother-liquor  cannot  be  concentrated  without  decomposition. 
Ydlow  prisms  sparingly  soluble  in  cold  water  and  in  alcohol.  Decomposed  by  boiling 
water,  with  separation  of  a  reddish-yellow  resinous  matter.  Insoluble  in  solution  of 
hydn^  of  potassium. 

Nicotine  with  Nitrate  of  Silver,  a.  C"H>W.NO*Ag.— .Colourless  prisms  obtained  on 
mixing  a  cold  dilute  alcoholic  solution  of  nicotine  with  an  excess  of  an  alcoholic 
solution  of  silver  nitrate. 

fi.  2C**H"N*.N0'A^.  Prepared  like  the  preceding,  but  employing  an  excess  of 
nicotine.  It  ia  deposited  in  a  dilute  solution  and  by  spontaneous  evaporation  in  fine 
prisms. 

Compound  of  Nicotine  with  Iodine,  (C'*H*'K')'P. — ^Ethereal  solutions  of  iodine  and 
nicotine  combine  when  mixed,  evolving  sufficient  heat  to  make  the  ether  boil. 
In  a  short  time  the  mixture  becomes  filled  with  crystals.  In  more  dilute  solutions 
the  substance  is  deposited  in  the  form  of  ruby-red  needles  (Wertheim).  The  com- 
pound melts  at  100^  without  decomposition.  It  is  decomposed  in  the  cold  by  solution 
of  hydrate  of  potassium,  nicotine  being  liberated  and  iodide  and  iodate  of  potassium 
being  formed. — ^A  hydrochlorate,  (C'*Bl'*N*)*I".2HC1,  is  obtained  in  fine,  clear,  ruby-red 
ciystals,  by  cautiously  saturating  with  hydrochloric  acid  a  very  weak  alcoholic  solution 
of  the  iodine-compound,  and  placing  the  Hquid  in  vacuo. 

Methyl-,  Ethyl-,  and  Amyl-derivaiivee  of  Nicotine, 

HsTHTL-NiooTQTE.  C"H»*(CH«)«N«.— Prepared  by  mixing  nicotine  with  iodide  of 
methyl.  The  reaction  proceeds  slowly  in  the  cold,  but  is  greatly  assisted  by  heat  The 
crystalline  product  of  the  reaction  is  to  be  recrystallised  from  water.  The  aqueous  solu- 
tion mixed  with  recently  precipitated  oxide  of  silver  yields  iodide  of  silver  and  solution 
of  methyl-nicotine.  The  solution  evaporated  over  sulphuric  add  at  100^  yields  a 
risrid  mass  containing  methyl-nicotine. 

Methyl-nicotine  is  soluble  in  water,  yielding  a  bitter  alkaline  solution  which  feels 
sUppeiy  between  the  fingers.  The  solution  saturates  acids,  forming  salts  of  which 
the  sulphate,  hYdrochlovate,  nitrate  and  hydrocyanate  crystallise,  but  with  difficulty 
(Stahlschmiit).  The  bvdrofluate,  acetate,  oxalate  and  tartrate  do  not  crystallise. 
The  alkaline  solution  described  above  precii)itates  salts  of  iron  and  copper ;  it  also  dis- 
solves recently  precipitated  hydrate  of  aluminium.    (Stahlschmidt.) 

Hydriodate  of  Idethyl-nicotine,  C'*H"N*.2HI.  The  atom  of  nicotine  unquestion- 
ably containing  10  atoms  of  carbon  (C  «  12),  we  may  assume  that  it  reacts  upoii 
2  atoms  of  iodide  of  methyl,  so  that  the  resulting  compound  has  the  above  formula. 
It  is  prepared  l^  the  action  of  iodide  of  methyl  on  nicotine  as  above.  (Stahl- 
schmidt.) 

The  platinum-salt   of  methyl-nicotine,    C'«n'"N«.2UC1.2Pta«    is    a    crystalline 
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powder,  sparingly  solable  in  cold  water,  insoluble  in  aloohoL — ^The  gcld-aaltt 
0"H"N'.2HC1.2AuCl*,  is  a  pale  yellow  precipitate^  almost  insoluble  in  cold  water  and 
alcohol. 

Ethtl-nicotime.  The  hydrate  of  this  base  is  prepared  by  a  similar  process  to  the 
hydrate  of  methyl-nicotine,  substituting  iodide  of  ethyl  for  iodide  of  methyL  Its  pro- 
perties are  similar  to  those  of  methyl-nicotine. 

Hydriodate  of  Ethyl-nicotine,  C"H«N».2HI,  obtained  by  the  action  of  iodide  of  ethyl 
on  nicotine  in  sealed  tubes  at  100°,  forms  fine  colourless  prisms,  very  soluble  in  water, 
sparingly  in  alcohol  and  ether  (Von  PI  ant  a  and  Kekul^). — The  platinumrsalt, 
C"H^*.2HC1.2PtCl^  is  a  yellow  flocculent  precipitate  which  gradually  becomes 
orange  coloured  and  cTTstalline. — ^The  gold  salt^  G**H]''N'.2HCL2AuCl',  is  a  sulphur^ 
yellow  precipitate  produced  by  adding  solution  of  trichloride  of  gold  to  a  solution 
of  hydrochlorate  of  ethyl-nicotine ;  it  is  soluble  in  boiling  water  and  is  deposited  ih 
beautiful  needles  on  cooling. 

Amyl-nicotinb.  Known  only  in  solution  and  in  the  state  of  platinum-salt.  It  is 
prepared  in  the  same  manner  as  the  corresponding  compounds  of  methyl  and  ethyl, 
only  as  iodide  of  amyl  acts  sluggishly,  the  tubes  must  be  heated  for  some  days. 

The  platinum-salt,  C»H»*N«.2HCL-2Pta»,  is  a  yellow  precipitate  not  yet'  obtained 
in  the  crystalline  state.  C.  G-.  W. 

VZOBK&nr.  A  Tiscous  substance  obtained  from  Nigella  aativa.  (Reinsch, 
Pharm.  Centr.,  1842,  p.  314.) 

xriGSZO  ACZB.      This  name  was  applied  by  Lowig  and  Weidmanntoa  I 

black  humus-like  substance  found  among  the  producta  of  the  action  of  potassium  or  j 

sodium  on  oxalic  ether.    They  assigned  to  it  the  formula  C^H'O*.    (Handw.  d.Ohem.  ■ 
V.  673.) 


A  mixture  of  rutile  with  titaniferous  iron,  occurring  in  brown-black 
granules  in  the  gold-sand  of  Ohlafian  m  Transylvania;  also  in  crystals  having  the 
form  of  rutile  at  Bemau  in  Bavaria.    {Bammelsberff's  Mineralchemie,  p.  1008.) 


An  impure  oxide  of  zinc  which  collects  on  the  sides  of  the 
furnaces  in  the  smelting  of  zinc-ores  and  the  preparation  of  brass. 


Lanrent^s  names  for 
moni-,  di-,  and  tri-nitronaphthalene. 

WZWAPBTEnnbABmnB.  Ninaphthylidine,  0»H^<0  (C.  S.  Wood,  Ghem. 
Gaz.  1859,  p.  218). — ^An  organic  base  produced  bypassing  sulphydric  acid  gas  through 
a  boiling  alcoholic  and  feebly  ammoniacal  solution  of  dinitronaphthalene : 

C"H«(NO«)«  +  4H«S     «     C"H"NK)  +   3H«0  +  S«. 

The  passage  of  the  gas  is  continued  for  about  three  hours,  by  which  time  the  greater 
part  of  the  alcohol  has  distilled  off.  The  residue  is  then  supersaturated  with  dilute 
sulphuric  acid,  heated  to  boiling,  and  filtered.  The  filtrate  on  cooling  deposits  sulphate 
of  ninaphthylamine,  from  the  solution  of  which  the  base  may  be  precipitated  by  am- 
monia. 

Ninaphthylamine  crystallises  in  beautiful  carmine-red  needles,  slightly  decomposed 
at  100°.  The hydrocMoratey  C'«H»N«0.HC1,  forms  acicular  crystals;  the  ckloroplati- 
nate,  C'"H*N*O.HCi.PtCl',  is  precipitated  in  yellowish-brown,  rather  soluble  crystals,  on 
adding  platinic  chloride  to  a  solution  of  the  base  in  ether-alcohol.  The  stdpkate 
(C*''H'N''^0)^H'SO*,  crystallises  in  white  scales,  but  is  decomposed  by  recrystallisation 
from  its  aqueous  solution. 

xnOBZTBp  or  Cotumbite,    Native  niobite  of  iron  and  manganese  (p.  54). 

VZOBTDIMC.    Syn.  Columhium,    Symbol,  Nb. — Atomic  weighty  98. 

A  metal  discovered  in  1801  bvHatchett,ina  black  mineral  called  columhite  from 
North  America,  and  thence  called  Columbium.  WoUaston  in  1809  examined  it 
further  and  pronounced  it  to  be  identical  with  the  tantalum  discovered  by  Ekeberg, 
in  Swedish  tantalite.  This  idea  of  the  identity  of  the  two  metals  remained  current 
till  1846,  when  H.  Rose  (Pogg.  Ann.  Ixiii.  317 ;  bdx.  115),  by  a  more  careful  investi- 
gation, was  led  to  conclude  tnat  the  American  columbite  and  the  tantalite  from 
Bodenmais  in  Bavaria  contained  two  adds  bearing  a  very  close  resemblance  to  tantalic 
acid,  but  nevertheless  .distinct  firom  it  and  from  each  other.  To  the  metals  supposed 
to  exist  in  these  acids,  Rose  assigned  the  names  Niobium  and  Pdopium,  But  by 
later  investigations  (Pogg.  Ann.  xc.  456)  he  finds  that  these  two  acids  really  contain 
the  same  metal  associated  with  different  quantities  of  oxygen;  he  therefore  discards 
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the  name  pelopinm,  and  deflignates  the  metal  contained  in  American  columbite  and 
Bayarian  tantuite  as  niobium.  This  metal  is  clearly  the  same  as  the  one  discovered 
bj  Hatchett  more  than  ojLtj  years  ago,  and  ought  periiape,  in  justice  to  its  discoverer, 
to  retain  the  name  columbium  which  he  gave  to  it;  but  as  the  rediscovery  of  the 
metal  is  cotainly  due  to  Bose,  who  has  mcMreover  completed  its  chemical  history  by  the 
preparation  and  analysis  of  a  considerable  number  of  its  compounds,  chemists  are,  for 
most  part,  agreed  to  designate  it  by  the  name  which  he  assigned  to  it,  namely 
Niobium,  (See  the  Memoirs  already  cited ;  also  Pogg.  Ann.  civ.  310^  432  and  581 ; 
ev.  424;  cvi.  143;  cvii  566;  cviii.  273  and  465;  czi.  193  and  426 ;  cziL  468  and 
549.— Jahresber.  1858,  p.  151  ;  1859,  p.  156  ;  1860,  p.  145.— TVai^^  ctm^t  de  CMmU 
analyti^ue,  par  H.  Bose;  Paris,  1858,  1861 ;  i.  306 ;  il  469.) 

Niobium  occurs,  as  already  mentioned,  in  columbite,  which  is  a  compound  of  niobous 
oxide  with  the  protoxides  of  iron  and  manganese ;  also,  associated  with  yttrium, 
uranium,  inm,  and  small  quantities  of  other  metals,  in  Siberian  samarskite,  urano- 
tantalitei  or  yttro-ilmenite,  also  in  pyrochlore,  euxenite,  and  a  variety  of  pitchblende 
firom  Satersdalen  in  Norway. 

Metallic  niobium  is  obtained  by  heating  fluoride  of  niobium,  or  fluoride  of  niobium 
and  potassium  or  sodium,  with  sodium  in  a  covered  iron  crucible,  and  washing  out  the 
soluble  salts  with  water;  also,  though  impure,  by  heating  niobite  of  sodium  in 
hydrogen  gas  containing  phosphorus  vapour.  It  is  a  black  powder,  of  specific 
gravity  6*27 — 6-67,  which  oxidises  with  incandescence  when  heated  in  the  air, 
forming  niobous  oxide,  NVO'.  When  somewhat  strongly  heated  in  chlorine  gtUf  it  is 
converted,  also  with  incandescence,  into  a  mixture  of  niobous  and  niobic  chlorides. 
The  metal  prepared  by  the  first  method  dissolves  while  still  moist  in  boiling  dilute 
kydrocAlorio  acidj  with  evolution  of  hydrogen,  forming  a  colourless  liquid.  Nitric  acid 
does  not  dissolve  it,  even  when  heated;  nitro-muriatic  acid  less  easily  than  hydrochloric 
add.  It  dissolves  in  hot  hydrojltwrio  acid^  with  evolution  of  hydrogen,  and  in  a  mix- 
ture of  hydrofluoric  and  nitric  acids,  even  at  ordinary  temperatures.  Strong  sulphuric 
odd  dissolves  it  on  prolonged  heating,  forming  a  brownish  liquid,  which  becomes 
colourless  when  lar^Iy  diluted  with  water,  and  yields  with  ammonia  a  bulky,  some- 
what brownish  precipitate.  The  metal  is  oxidised  by  fusion  with  acid  sulphate  of 
potassium,  and  the  fused  mass  digested  in  water  leaves  niobous  oxide.  It  is  gradually 
converted  into  niobite  of  potassium  by  boiling  with  aqueous  potash,  more  quickly  by 
fusion  with  carbonate  o/ potassium, 

Niobium  forms  two  series  of  compounds,  the  niobous  or  hyponiobic  compounds 
in  which  it  is  triatomic,  e.ff,  niobous  chloride  NbCl",  niobous  oxide  Nb'O',  and  the 
niobic  compounds  in  which  it  is  tetratomic,  e.g,  niobio  chloride  NbCl\  niobic  oxide 
NbO^  Both  the  oxides  are  of  electro-nesative  or  chlorous  character,  uniting  with 
ba^lous  oxides  fo  form  salts,  viz.  the  niobites  or  hyponiobates,.  and  niobates. 

It  is  remarkable,  however,  that  niobic  oxide  cannot  be  formed  from  niobous  oxide 
by  direct  oxidation,  and  for  these  reasons,  as  well  as  on  account  of  certain  difierences 
in  the  blowpipe  reactions,  to  be  afterwards  noticed,  Kose  regards  the  niobous  and 
niobic  compounds,  not  as  related  to  one  another  like  dififerent  oxides,  chlorides,  &c.,  of 
one  and  the  same  metal  (the  ferrous  and  ferric  compounds  for  example),  but  rather  as 
distinct  series  of  compounds  containiug  the  same  metal  in  different  allotiopic  modifica- 
tions. Hence  he  designates  the  higher  oxide,  &c.,  aa  compounds  of  niobium;  the 
lower  as  compounds  of  hyponiobium.  But  when  it  is  remembered  that  the  two  chlorides 
are  convertible  one  into  the  other  (p.  50),  and  that  by  their  intervention  the  higher 
oxide  may  be  formed  from  the  lower,  and  moreover  that  the  lower  oxide  can  be 
formed  (though  not  readUy)  from  the  higher,  by  the  action  of  hydrogen  and  other 
reducing  agents  (p.  53),  there  appears  to  be  scarcely  sufficient  reason  for  regarding 
the  two  oxides,  &&,  of  niobium  as  standing  to  one  another  in  any  peculiar  relation 
different  from  tiiat  of  the  ferrous  and  ferric  compounds,  for  example ;  we  shaU  there- 
fore adhere  to  the  ordinaiy  mode  of  designation  by  the  terminations  ous  and  ic.  The 
differences  in  the  blowpipe  reactions  of  the  two  oxides  (which  are  but  slight)  are 
doubtless  connected  with  the  difficulty  of  passing  from  one  state  of  oxidation  to  the 
other,  a  difficulty  which  we  are  not  at  present  able  to  explain. 

VZOBXUMf  BHOBKXBES  OV«  Niobium  forms  two  bromides  analogous  to  the 
dilorides,  and  obtained  by  similar  processes.  Niobous  bromide  is  yellowish,  niobic 
bromide  purple-red ;  both  are  apt  to  retain  small  quantities  of  free  bromine. 

VZOBXUIK^  CB&OSXBBS  OV.  These  compounds  are  prepared  bv  the  action 
of  chlorine  at  a  red  heat  on  the  corresponding  oxides  mixed  with  charcoaL  Niobous 
oxide  or  the  mixture  of  that  compound  with  niobic  oxide  separated  from  columbite  by 
processes  to  be  hereafter  described,  is  mixed  with  starch  or  sugar,  and  the  mixture  com- 
pletely charred  by  i^ition  in  a  covered  crucible.  It  is  then  introduced  in  small  pieces 
into  a  glass  tube  wluch  is  strongly  heated  by  a  charcoal  fire  or  a  gas  frimace,  while  a 
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stream  of  dry  carbonic  anhydride  is  passed  through  it.  As  soon  as  all  the  moistare  is 
expelled,  the  tube  is  lefh  to  cool,  the  stream  of  carlx>nic  anhydride  being  still  kept  dp ;  the 
carbonic  anhydride  apparatus  is  then  replaced  by  a  chlorine  apparatus ;  and  die  tube  is 
again  heated,  after  the  carbonic  anhydride  and  atmospheric  air  have  been  completely 
expelled  by  the  chlorine.  Two  chlorides  are  thus  obtained,  viz.  niobous  chloride, 
white,  volatile,  but  not  fusible ;  and  niobic  chloride,  yellow,  Tolatile,  easily  fusible,  and 
containing  a  larger  proportion  of  chlorine.  It  was  the  formation  of  these  two  chlorides 
which  originally  led  Rose  to  coudude  that  certain  varieties  of  tantalite  (or  rather 
columbite)  contained  two  distinct  metak,  niobium  and  pelopium  ;  but  later  experi- 
ments convinced  him  that  the  substance  which  he  then  r^rarded  as  perfectly  pure 
niobic  acid,  obtained  by  the  action  of  water  on  the  white  chloride,  may,  by  mixing  it 
with  a  large  excess  of  charcoal,  and  gently  igniting  it  in  a  stream  of  chlorine  gas,  with 
strict  attention  to  the  details  above  fi;iTen,  be  completely  converted  into  the  j^ellow 
chloride,  originally  called  chloride  of  pelopium ;  whereas  if  a  smaller  <^uantity  of 
charcoal  be  used,  or  if  the  mixture  be  too  strongly  ignited  during  the  action  of  the 
chlorine,  especially  at  the  commencement,  the  white  and  less  volatile  chloride  (originally 
called  chloride  of  niobium)  is  obtained  as  well  as  the  yellow  compound. 

Niobous  Chloride,  NbCl*.  Chloride  of  Hyponiobiam, — The  white  chloride  pre- 
pared as  above,  always  retains  a  certain  quantity  of  oxygen:  for  when  heatad  in  sul- 
phydric  acid  gas,  whereby  it  is  converted  into  a  sulphide,  it  gives  off  a  small  quantity 
of  water,  together  with  the  hydrochloric  acid.  But  on  heating  it  in  vapour  of  disul- 
phide  of  carbon,  the  oxide  with  which  it  is  mixed  is  converted  into  sulphide,  while  the 
chloride  itself  is  volatilised  in  the  stream  of  vapour,  and  is  thus  obtained  quite  free  from 
oxide.  This  pure  niobous  chloride  was  found  to  contain  47*86  per  cent,  niobium  and 
52*14  chlorine,  the  formula  requiring  48*05  niobium,  and  51*95  chlorine.  The  chloride 
treated  with  water  is  converted  into  niobous  add. 

Niobic  Chloride,  NbCl*. — This  is  the  yellow  chloride  above  mentioned.  It  gave, 
as  the  mean  of  several  analyses,  40*77  per  cent,  niobium  and  59*23  chlorine,  the  for- 
mula requiring  40*91  niobium  and  59*09  chlorine.  (Respecting  the  vapour-density,  . 
see  p.  52.)  Water  converts  it  into  niobic  oxide.  When  pure  and  free  from  oxygen 
it  does  not  yield  any  niobic  sulphide  hv  sublimation  in  vapour  of  disulphide  of  carbon. 
With  strong  sulphuric  acid,  it  gives  off  hydrochloric  acid,  and  forms  a  solution  which 
becomes  turbid  on  boiling  and  solidifies  in  a  jelly  on  cooling.  It  dissolves  in  hydro- 
chloric acid,  and  with  aid  of  heat  in  aqueous  potash.  With  alcohol  it  forms  a  clear 
solution,  which  when  freed  by  distillation  from  alcohol,  hydrochloric  acid,  and  chloride 
of  ethyl,  leaves  a  thick  syrupy  liquid  consisting  ofniobateofethyl.  Zinc  immersed 
in  the  hydrochloric  solution  of  niobic  chloride,  diluted  with  water,  produces  a  fine  blue 
coloration ;  a  still  finer  colour  is  obtained  by  pouring  sulphuric  acid  on  niobous  chloride, 
then  adding  water  and  metallic  zinc 

mOBZmiKf  BSTBCTZOV  AVB  SSTZICATZOV  OV.  1.  Reactions.-^ 
The  compounds  of  niobium  cannot  easily  be  mistaken  for  those  of  any  other  metal  except 
tantalum.  Indeed  these  two  metals  may  be  said  to  form  a  group  apart,  distinguished 
by  marked  characters  from  all  others,  especiallv  by  the  perfect  insolubility  of  their 
oxides  in  acids  after  ignition,  and  by  their  blowpipe  reactions  ;  further  by  the  fact  that 
when  fused  with  excess  of  acid  sulphate  of  potassium,  they  dissolve,  forming  a  fused 
mass  from  which  the  oxide  of  niobium  or  of  tantalum  may  be  completely  separated  in 
the  insoluble  state  by  dissolving  out  the  soluble  salts  with  water ;  from  silica,  which 
resembles  these  oxides  in  its  insolubility  in  acids  after  ignition,  they  are  easily  distin- 
guished by  their  blowpipe  reactions. 

Niobous  oxide  heated  before  the  blowpipe,  especially  in  the  inner  flame,  assumes  a 
greenish-yellow  colour  while  hot,  but  becomes  colourless  on  cooling.    With  borax  it  i 

forms  in  the  outer  flame  a  colourless  bead,  which,  if  the  oxide  is  in  sufficient  quantity,  | 

becomes  opaque  by  interrupted  blowing  or  flaming.  In  the  inner  flame  the  bead 
assumes  a  greyish-blue  colour,  provided  it  contains  a  sufficient  quantity  of  the  oxide  to 
produce  opacity  on  cooling.  In  microcosmie  salt,  niobous  oxide  dissolves  in  large 
quantity,  forming  a  colourless  bead  in  the  outer  flame,  and  in  the  inner,  a  violet  coloured, 
or  if  the  bead  is  saturated  with  the  oxide,  a  beautiful  blue  bead,  the  colour  disappearing 
in  the  outer  flame.     The  addition  of  ferrous  sulphate  changes  the  colour  to  blood-red. 

The  blowpipe  characters  of  niobic  oxide  are  similar  to  those  of  niobous  oxide,  but 
not  quite  identicaL  When  heated  alone,  it  assumes  a  greyish  tint,  becoming  white 
again  on  coolinff.  The  colourless  bead  formed  with  borax  in  the  outer  flame  does  not 
be<»me  coloured  in  the  inner.     The  bead  formed  with  microcosTnic  salt  has  a  light  , 

brown  colour  tinged  with  violet  in  the  inner  flame,  and  becomes  colourless  in  the  outer. 
The  addition  of  ferrous  sulphate  changes  the  brown  colour  to  crimson.  ; 

Most  of  the  compounds  of  niobium  hitherto  discovered  in  natural  minerals  are  salts 
of  niobous  add.    The  niobites  bear  a  close  resemblance  to  the  tantalates,  but  are  dis-  ' 
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tmgaiflhed :  1.  By  the  veiy  different  denBities  of  the  oxides  or  anhydridefl  obtained  from 
them,  tantalic  oxide  having  a  density  of  7 — 8*26,  whereas  that  of  niobous  oxide  is  only 
6-5 — 6*7. — 2.  By  the  behaviour  of  these  oxides  before  the  blowpipe,  tantalic  oxide  ex- 
hibiting nearly  the  same  characters  as  niobic  oxide.— 8.  By  the  behaviour  of  the  solu- 
tions of  the  alkaline  niobites  and  tantalates  with  hydrochloric  acid  at  ordinary  tenipe<' 
ratnres,  the  precipitated  niobous  oxide  being  insoluble  in  excess  of  that  acid,  whereas 
the  tantalic  oxide  precipitated  from  the  tantalates  dissolves  in  excess  of  hydrochloric 
acid,  forming  a  slightly  opaline  liquid. — i.  The  residue  left  on  evaporating  the  solutions 
of  the  alkaline  niobites  mav  be  heated  (but  not  calcined)  without  giving  rise  to  the 
separation  of  add  salts  insoluble  in  the  alkaline  liquid,  whereas  with  the  tantalates  a 
very  considerable  portion  of  the  salt  is  separated  in  this  insoluble  condition. — 6.  The 
solutions  of  the  alkaline  niobites  are  further  distinguished  from  the  tantalates  by  their 
behaviour  with  chloride  of  ammonium,  ferroc^anide  of  potassium,  infusion  of  galls,  and 
metallic  zinc. — 6.  Niobous  oxide  is  also  distinguished  from  tantalic  oxide  by  the 
£Kility  with  which  it  is  decomposed  by  ammonia-gas,  and  sulphydric  acid  gas. 

Niobic  oxide  is  intermediate  in  its  properties  between  niobous  oxide  and  tantalic 
oxide,  but  resembles  the  latter  more  than  the  former.  It  is  distinguished  from  tantalic 
oxide  by  its  lower  specific  gravity,  by  its  behaviour  before  the  blowpipe,  especially 
with  microoosmic  salt»  with  which  tantalic  oxide  produces  a  colourless  bead  in  the  inner 
as  well  as  in  the  outer  flame ;  and  by  its  behaviour  at  high  temperatures  with  hydro- 
gen, sulphydric  acid,  and  ammonia-gas,  by  all  of  which  it  is  more  or  less  blackened, 
whereas  the  same  reagents  do  not  affect  tantalic  oxide.  The  characters  of  the  alkaline 
niobates  in  solution  are  likewise  intermediate  between  those  of  the  niobites  and  tanta- 
lates, approaching  however  more  nearly  to  the  latter.  The  most  characteristic  distinc- 
tions between  the  three  classes  of  salts  in  solution  are  afforded  by  their  reactions  with 
hydrochloric  acid,  sal-ammoniac,  ferrocyanide  of  potassium,  and  infusion  of  galls,  the 
last  three  reagents  being  added  to  acid  solutions  (see  also  pp.  63,  66). 


Hydrochloric  add. 

!  Chloride  of  ammo- 
mium. 

'  Ferrocyanide    of 

potassium. 
Ferricyanide     of 

potassium. 
Infusion  of  galls. 

1 

Niobites, 

,     Niobates, 

Tantalates, 

White     predpitate 
insoluble  in  excess. 

Precipitation    slow 
and  incomplete. 

Bed  predpitate. 

Bright  yellow  pred- 
pitate. 

Orange-red  predpi- 
tate. 

White  predpitate 
soluble  in  excess 
on  boiling. 

Precipitation  slow 
and  incomplete. 

Brown-red  predpi- 
tate. 
White  predpitate. 

Orange-yellow  pred- 
pitate. 

White     precipitate 
soluble  m  excess. 

Complete  precipita- 
tion as  acid  tanta- 
late  of  ammonium. 

Yellow  precipitate. 

White  precipitate. 

Light  yellow  pred- 
pitate. 

2.  Estimation  and  Separation, — Most  of  the  compounds  of  niobium  occurring 
in  nature  are  niobites.  They  are  partially  decomposed  by  heating  with  strong  sulphu- 
ric add,  and  completely  by  fusion  with  caustic  alkalis  or  by  long-continued  fusion 
at  a  very  hi^h  temperature  with  alkaline  carbonates.  A  better  method,  however,  is  to 
fuse  the  levigated  mineral  in  a  platinum  crucible  with  six  or  eight  times  its  weight  of 
add  sulphate  of  potassium,  pulverise  the  mass  when  cold,  and  boil  it  repeatedly  with 
frvsh  quantities  of  water  till  no  more  sulphate  of  potassium,  iron,  or  manpanese  is 
dissolved  out  of  it  The  residue,  which  consists  of  hydrated  niobous  acid  mixed  with 
ferric  oxide,  stannic  add,  and  tungstic  add,  is  then  digested  in  sulphide  of  ammonium 
containing  excess  of  sulphur,  which  removes  the  stannic  and  tungstic  adds,  and  converts 
the  iron  into  sulphide ;  the  liquid  is  filtered,  and  the  niobous  add  washed  with  water 
containing  sulphide  of  ammonium,  then  boiled  with  strong  hydrochloric  add  to  remove 
iron,  manganese,  uranium,  cerium,  copper,  &c,  and  finally  washed  with  boiling  water. 
The  hydrated  niobous  acid  thus  prepared  is  converted  into  the  anhydride  by  ignition. 
The  anhydride,  NbH)*,  contains  80*33  per  cent,  niobium. 

Some  columbites  contain  titanioacid.  To  separate  this,  the  mineral  is  frised  with 
about  twelve  times  its  weight  of  acid  sulphate  of  potassium,  and  the  fbsed  mass  in 
treated  with  cold  water.  Add  sulphate  of  titanium  then  dissolves,  while  the  sul- 
phate of  niobium  remain  undissolved.  The  reddue  is  then  washed  with  water,  but 
to  obtain  complete  separation,  it  is  necessaiy  to  repeat  this  treatment  both  with  this 
residue  and  with  the  titanic  add  predpitated  from  the  filtrate  by  ammonia. 

The  separation  of  niobium  from  tantalum  is  attended  with  great  difiiculty ;  but  they 
have  not  nitherto  been  found  in  the  same  minends.   Bose  has  however  given  a  method 
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of  separaitiiig  them  founded  on  the  fajct  that  niobite  of  Bodiam  dissolves  with  less 
difficulty  than  the  tantalate  in  dilnte  solutions  of  hydrate  and  carbonate  of  sodium. 

From  the  alkalis,  nioboos  acid  may  be  separated,  if  in  solution,  by  precipitation 
with  sulphuric  acid  ;  if  in  the  form  of  an  insoluble  compound  (as  in  tyrite),  by  fusion 
with  sulphate  of  ammonium. 

For  fiurther  details  on  the  separation  of  niobium  from  other  elements,  see  H.  Rose 
(  TraiU  de  Chimie  analytigue^  ii.  469). 

Atomic  Weight  of  Niohium. — ^Niobic  chloride  contains,  according  to  the  mean 
of  Boss's  analyses  (Ann.  Ch.  Pharm.  cviii.  232.),  40*77  per  cent  niobium  and  69*23 
chlorine,  which,  supposing  the  compound  to  be  a  tetrachloride,  NbCl\  gives  for  the 
atomic  weight  of  the  metal,  Nb  «  *^"^*J^^  ^  98-24.  This  gives  for  the  vapour- 
density  of  niobic  chloride,  the  number  8-4  («  ^'^•^^-^•^  ^  0*0693) ;  but  according  to 

Deville's  determination  (iii.  997),  the  observed  vapour-density  of  this  compound  is 
much  higher,  viz.  10*9,  which  does  not  differ  much  from  the  theoretical  density  calcu- 
lated on  the  supposition  that  niobic  chloride  is  a  pentachloride,  NbCP,  and  consequently 
the  atomic  weight  of  niobium  equal  to  114*6 :  for  "*-«^-|-  ^-^  x  0*0693  =  10*1.  The 
atomic  wei^t  of  niobium  and  the  formulse  of  its  compounds  must  then  for  the  present 
be  considered  as  somewhat  doubtful ;  still,  from  the  close  resemblance  in  properties 
between  the  niobic  and  tantalic  compounds,  it  is  most  probable  that  they  likewise  cor- 
respond in  composition,  and  therefore  that  the  true  formula  of  niobic  chloride  is  NbCl^. 

WZOBZimCp  VXilTO&ZSlSS  OF.  a.  Niohous  fluoride  or  Fluoride  of 
Hyp oniobium.  NbF*. — Hydrated  niobous  oxide  dissolves  in  strong  hydrofluoric  acid 
even  at  ordinary  temperatures,  forming  a  solution  which  does  not  yield  any  crystals, 
but  leaves  on  evaporation  a  mass  which,  when  more  strongly  heated,  gives  off  white 
fumes  of  the  fluoride  and  leaves  niobous  oxide.  When  ignited  niobous  oxide  is  mize4 
with  hydrofluoric  acid  in  a  platinum-retort  and  then  strong  sulphuric  acid  added, 
vapours  of  niobous  fluoride  are  given  off  without  external  heating ;  on  applying  heat, 
the  niobous  fluoride  is  'decomposed  by  the  sulphuric  add,  and  nothing  but  hydrofluoric 
acid  passes  over. 

Niobous  fluoride  unites  with  the  fluorides  of  the  alkali-metals,  forming  the  salts 
2EF.NbF'  (usually  mixed  with  fluoride  of  potassium)  and  NaF.NbF*  (always  mixed 
or  combined  with  acid  fluoride  of  sodium).  These  double  fluorides  are  soluble  in 
water,  forming  acid  solutions  which  when  mixed  with  sulphuric  add  and  concentrated 
till  that  acid  begins  to  evaporate,  yield  a  deposit  of  niobous  acid. 

iS.  Niobic  Fluoride^    NbF^ — Hydrated  niobio  oxide  dissolves  easily  in  aqueous  ' 

hydrofluoric  acid,  and  the  solution  forms  crystallisable  double  salts  with  metallic  • 
fluorides  and  with  hydrofluoric  add.     On  adding  carbonate  of  potassium  to  a  solution 
of  niobic  add  in  excess  of  hydrofluoric  acid,  a  bulky  precipitate  is  formed  at  flrst^  but 

redissolves  when  the  liquid  is  completely  neutralised,  tiie  solution  as  it  cools  depositing  , 

the  salt  2KF.NbF« ;  and  the  mother-liquor  when  evaporated  yields  the  salt  8KF.  3NbF«  | 

(perhaps  a  mixture  of  the  preceding  with  fluoride  of  potassium),  afterwards  on  further  i 

evaporation,  hydrated  fluoride  of  potassium.    A  solution  of  niobic  acid  in  hydrofluoric  j 
add  only  partially  neutralised  witn  potash,  and  evaporated  to  the  ciystallising  point, 

yields  the  salt  K«NbF«  2KHF«.    With  soda  in  like  manner  the  salt  Na<NbP.2NaHF*  \ 

IS  obtained  as  a  crystalline  predpitate ;  the  liouid  filtered  therefrom  yields  on  standing,  j 

the  salt  Na*NbF*. 2NaJl-b'* ;  and  the  mother-liquor  separated  from  this,  deposits  the  i 

salt  Na'NbF*  or  2NaF.NbFl  ^  !■ 

The  solutions  of  the  double  niobic  fluorides  are  not  clouded  by  sulphuric  add,  and 

in  order  to  convert  the  niobic  fluoride  into  niobic  add,  they  must  be  evaporated  with  , 
excess  of  sulphuric  add. 


18  OF.  tx.  A  nitride  of  niobium  is  obtained  by  heating 
niobic  chloride  in  ammonia-gas.  When  freed  by  water  irom  admixed  chloride  of  am- 
monium,* it  forms  a  dull  black  powder  which  conducts  electridty,  is  not  attacked  by 
nitric  acid,  scarcely  by  nitromuriatic  add,  but  easily  by  a  mixture  of  nitric  and  hydro- 
fluoric acids.  The  same  compound  is  fornred,  though  in  a  less  pure  state,  by  passing 
ammonia-gas  over  strongly  ignited  niobic  oxrde.  Niobic  oxide  heated  in  cyanogen  gas 
yields  a  similar  black  compound  containing  catbon  as  well  as  nitrogen,  hot  in  much 
too  small  a  proportion  to  form  a  cyanide. 

fi.  Another  nitride  of  niobium  (Rose's  nitride  of  hyponiobium)  is  obtained  in  like 
manner  from  niobous  chloride  or  oxide.  Its  properties  are  similar  to  those  of  the 
preceding.  Both  compounds  give  off  large  quantities  of  ammonia  when  fdsed  with 
hydrate  of  potassium. 

OXZBIB  OF.  Niobium  forms  two  oxides  analogous  in  composition 
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to  the  chlorides,  and  fonned  from  them  by  the  action  of  vater.  Both  of  them  form 
salts  with  basic  metallic  oxides. 

a.  Wloboiis  Oslda  or  AnXiydrlde.  NbK)'.  (Bose's  Oxide  of  ByponiobiumJ) 
In  the  hydrated  state,  Nioboxts  acid.    This  oxide  may  be  prepared  in  seyeral  ways : — 

1.  By  decomposing  nioboos  chloride,  NbCl',  with  water : 

2Nba»  +   3H«0     -     Nb*0«  +   6HCa. 

2.  By  fbsing  colnmbite  or  other  minerals  containing  it  with  acid  sulphate  of  potassium 
and  treating  the  fiised  mass  with  water  &c.  as  described  in  speaking  of  the  estimation 
of  niobium  in  these  minerals  (p.  51).  The  purest  niobous  oxide  is  obtained  from  the 
columbite  of  Bayaria  and  of  North  America ;  that  obtained  from  samarskite^  euxenite, 
fergusonite,  tvrite,  &c.,  is  more  difficult  to  purify,  on  account  of  the  presence  of  other 
acid  oxides,  those  of  titanium  and  zirconium,  for  example. — 3.  By  the  reduction  of 
niobic  oxide.  This  reduction  cannot  however  be  effected  completely;  the  most  effectual 
reducing  agent  is  acid  sulphate  of  ammonium,  which  when  fused  with  niobic  oxide,  re- 
duces about  a  third  of  it  to  niobous  oxide  ;  other  ammoniacal  salts  act  less  powerfully 
or  not  stall;  sulphide  of  ammonium  exerts  no  reducing  action;  that  of  cyanide  of 
potassium  is  uncertain. 

Niobous  oxide  is  white,  but  becomes  yellow  when  heated^  the  colour  disappearing 
again  on  cooling.  Its  specific  gravity  varies  according  to  the  degree  of  heat  to  which 
it  has  been  exposed  in  preparation.  The  oxide  prepared  directly  from  columbite  by 
fusion  with  acid  sulphate  of  potassium  has  the  highest  specific  grayity,  yiz.  5 '208  to 
6*13  and  even  6*54  ;  that  prepared  by  the  action  of  water  on  the  chloride  is  a  hydrate 
(niobous  acid) ;  it  is  amorphous  and  has  a  density  of  5*25 ;  but  by  exposing  the  niobous 
chloride  to  moist  air,  so  that  it  may  be  slowly  decomposed,  a  crystalline  hydrate  is 
formed  haying  a  density  of  4*6 — 4*7.  By  exposing  the  amorphous  hydrate  to  a  red 
heat  for  a  long  time,  or  to  a  white  heat  for  a  shorter  time,  it  is  converted  into  anhy- 
drous niobous  oxide  hayiog  nearly  the  same  density  as  the  crystalline  hydrate.  At  the 
hiighest  temperature  of  a  porcelain  furnace,  the  oxide  is  converted  into  a  sandy  powder 
consisting  of  microscopic  crystals,  of  specific  gravity  4*00 ;  in  one  experiment  it  was 
fused  at  this  high  temperature,  and  formed  on  cooling  a  radio-crystalline  mass. 

The  hydrate  prepared  by  the  action  of  water  on  the  chloride,  and  likewise  that 
precipitated  by  hydrochloric  add  from  solutions  of  alkaline  niobites,  exhibits  bright 
incandescence  when  calcined ;  the  oxide  containing  sulphuric  add  obtained  by  fusing 
columbite  with  add  sulphate  of  potassium  does  not  exhibit  this  phenomenon. 

Niobons  oxide  heated  in  hydrogen  gas  turns  grey  and  is  partially  reduced;  but  the 
loss  of  weight  does  not  exceed  1  per  cent,  (tantalic  oxide  suffers  no  reduction).  Niobous 
oxide  is  decomposed  by  ignition  in  a  stream  of  sulphgdric  acid  gas^  or  yapour  of  stelpkide 
of  carbon,  being  converted  into  niobous  sulphide.  Ignited  in  ammonia  gas  it  turns 
black,  gives  off  a  large  quantity  of  water,  and  is  partly  converted  into  a  nitride  (p.  52). 

Niolxnis  oxide  after  ignition  is  insoluble  in  all  adds.  The  hydrate  dissolves  with 
difficulty  in  hydrochloric  acid^  so  that  when  an  alkaline  niobite  is  precipitated  by  an 
excess  of  hydrochloric  add,  the  filtrate  retains  only  a  small  quantity  of  niobous  acid 
in  solution ;  but  on  boiling  for  some  time  with  strong  hydrochloric  add,  and  then 
adding  water,  a  considerable  quantity  will  be  dissolved,  and  by  repeating  this  treatment 
with  acid  and  water  two  or  three  times  on  the  residue,  the  whole  may  be  ultimately 
dissolved.  The  hydrate  dissolves  easily  in  hydrofluoric  acid,  but  is  nearly  insoluble  in 
nitric  aeid. 

NioBXTBS. — ^Niobous  oxide  unitesTwith  basic  metallic  oxides  forming  definite  salts, 
several  of  which  occur  as  natural  minerals.  The  niobites  of  the  alkali- metals  are  either 
mono-  or  trimetallic,  MNbO'  or  M*NbO':  those  of  the  earth-metals  and  heavy  metala 
are  monometallic,  M'NbO'  or  M"Nb*0\  The  niobites  of  the  alkali-metals  are  produced 
by  fusing  niobous  oxide  with  the  hydrates  of  those  metals  or  by  boUing  niobous  add 
with  solutions  of  caustic  alkalis. .   . 

The  alkaline  niobites  are  likewise  soluble  in  solutions  of  potash  and  carbonate  of 
potassium,  but  dissolve  with  great  difficulty  in  excess  of  soda  and  carbonate  of  sodium* 
Niobous  addispredpitatedfrom  its  alkaline  solutions  by  acids,  especially  by  sulphuric 
acid,  even  at  oidinaiy  temperatures  (the  predpitation  of  tantalic  acid  requires  the  aid 
of  heat).  Oxalic  add  does  not  affect  alkahne  niobites ;  but  carbonic  acid  gas  predpitates 
an  add  salt  soluble  in  a  large  quantity  of  water ;  acetic  acid  and  sal-ammoniac  also 
fonn  predpitates,  but  the  predpitation  by  the  latter  is  slow  and  imperfect^  especially  if 
the  solution  contains  carbonate  of  potassium  or  sodium.  A  solution  of  an  alkaline 
niobite,  addulated  with  sulphuric  or  hydrochloric  add,  forms  a  red  predpitate  with 
ferrocyanide  of  potassium,  bright  yellow  with  the  ferricyanids,  and  orange-red  with 
infusion  of  gatts,    A  piece  of  nno^  immeraed  in  the  acidulated  aolutionj  fozms-a 
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beantaftil  blue  precipitate,  which  after  a  while  changes  to  brown.  Tantalates  yield  only 
a  faint  blue  colour  with  zinc,  on  addition  of  a  yery  large  quantity  of  hydrochloric  acid. 

Niohites  of  Potassium,  The  monopotasMO  salt  is  difficult  to  obtain  in  definite 
forms,  being  soluble  in  excess  of  hydrate  and  carbonate  of  potassium.  When  nioboua 
oxide  is  fused  with  carbonate  of  potassium,  a  quantity  of  carbonic  anhydride  is  ex- 
pelled corresponding  to  the  formation  of  the  tripotassic  salt^  K'NbO". 

9Niobiie8  of  Sodium.  The  monosodic  salt,  NaNbO«  or  NaH).Nb*0«,  crystallises 
with  2  proportions  of  water,  viz.  2NaNbO».6H«0  and  2NaNbO*.7HH).  It  gives  off  the 
{p^eater  part  of  its  water  of  crystallisation  at  100^,  but  still  remains  completely  soluble 
in  water ;  by  ignition  it  is  resolved  into  an  acid  salt  and  caustic  soda.  It  is  insoluble 
in  strong  solutions  of  hydrate  and  carbonate  of  sodium ;  but  dilute  soda-solutions  take 
it  up  more  readily  than  niobate  or  tantalate  of  sodium,  so  that  niobic  acid  and  tantalic 
hcias  are  most  easily  separated  fiom  niobic  acid  by  digestion  in  solutions  of  hydrato 
or  carbonate  of  sodium  of  a  certain  degree  of  dilution. 

By  fusing  niobous  oxide  with  carbonate  of  sodium,  a  basic  salt  is  obtained  together 
with  acid  salts  partially  soluble  in  water ;  by  continuing  the  fasion  till  no  further  loss 
of  weight  is  sustained,  the  trisodio  salt,  Ka'NbO",  is  produced ;  it  is  resolved  by  water 
into  the  monosodic  salt  and  free  soda.  Carbonic  anhydride  passed  into  the  solution  of 
niobite  of  sodium  gradually  throws  down  an  acid  salt. 

A  very  acid  niobite  of  ammonium  separates  after  some  time  tram  a  solution  of 
niobite  of  sodium  mixed  with  chloride  of  ammonium. 

A  solution  of  monosodic  niobite  added  to  excess  of  the  solutions  of  neutral  salts  of 
the  carth-metals  and  heavy  metals,  forms  precipitates  having  the  general  formula 
M'NbO«  or  M'NVO*  -  M*O.Nb^O». 

Niobite  of  Iron  and  Manganese.  (FfeO ;  MmnO).  Nb«0»  -  .^^^  .^mn)*!^*' 

Columbite,  Niobite. — ^This  is  the  mineral  in  which  niobium  or  columbium  was  first  dis- 
covered..  It  occurs  in  trimetric  prisms,  exhibiting  the  combination  ooPoo  .  ooPoo  .  oP . 
e»P.  ooP2 .  <x>Pz .  jPoo  .  f 3  .  P,  with  other  faces.  Axes  a:b:c  =  0-8292  :  1  : 
0-8773.  Angles  ooP :  ooP  «  100°  40';  oP  :  Poo  «  133o  22-6'  (Dana,  ii.  363). 
A  crystal  of  columbite  from  the  granite  of  Monte  Video  examined  by  Mask ely no 
(Phil.  Mag.  [4]  xxv.  41),  exhibited  the  combination  ooPoo  .  oo^oo  .  oP  .  2P2  .  ooP  . 

00^3  .  odP6,  with  the  angles  oof  oo  :  oof  6  «  163°  40' ;  oop3  :  oots  -  lee**  42'. 
Columbite  also  forms  twins,  with  face  of  composition  parallel  to  2? oo .  Cleavage  par- 
allel to  oof  00  and  oopoo ,  the  latter  the  most  distinct.  It  occurs  also  massive,  but 
rarely.  Hardness  *  6.  Sp.  gr.  »  6'4 — 6*4;  5*469  for  the  Connecticut  mineral; 
6*7 — 6*39  for  the  Bavarian.  Lustre  submetallic  Colour,  various  shades  of  black,  often 
iridescent.  Streak  dark  red  to  black.  Fracture  subconcho'idal,  uneven.  Brittle.  It 
is  not  altered  by  heat  alone.  By  Aoroor  before  the  blowpipe  it  is  slowly  dissolved,  giving 
the  reactions  of  iron  and  manganese ;  the  bead,  if  saturated  to  a  certain  extent,  may  be 
rendered  greyish-white  by  fiaming,  especially  if  it  has  been  previously  heated  in  the 
inner  flame;  if  fully  saturated,  it  becomes  opaque  spontaneously  on  cooling.  With 
carbonate  of  sodium  it  gives  the  manganese  reaction.  Many  columbites  heated  on 
charcoal  with  trda  and  borax  in  a  strong  reducing  flame,  yield  metallic  tin. 

Analyses  of  Columbite, 

BtTarla.             Connecticut.       Chants  Finland.  Ilroen  moun- 

loub.  tains. 

a.              h.            e.           d.              e.  /.             g.            k. 

Spedflc  graTltf       ,       .       ,    6-390  6*078      R-aO     e-oa-COB     B'e-S*?       ^ ft- 43.5-73       ft-4.S 

Nioboui  oxide  (Nb'O*)  .        .  bl'07  80*64  fn^  79*80  78  74  82*5  Su-47  7(i-66 

SUnnIc  oxide     (SnO>)   .        .    0-45  010  ,0-40  0*56  .    .  !   1*0  .    .  0*41 

Tungttic  oxide  (WO>)  .       .    .    .     '       .    .  0-S6  trace 

Ferrous  oxide .       .                .  14-30  1«'88  14-06  15-00  14*60  13*3  8*60  14-29 

Manganous  oxide    •       .       .    8-86  4*66  6-68  4*60  7*17  6*5  6*09  7'66 
Cupric  oxide   ....    0*18 

Vranoas  oxide ..  ..  ..  ..  ••  0*50  0*64 

Uin« 0*21  .    •  .    .  .    .  •    *  0-64 

Magnesia .    .  0-49  .    .  .    .  •    •  2*44 

Yttria      •       .       .       .       .    .    .  .    .  .    .  .    .  .    .  »   ■  2-00      

99-80         100-98      99-06        99-86         100*41        102*8       lOODO        lOO-OO 

a.  From  Bodenmali  In  Bavaria  (H.  Rose).— 6.  From  the  same  (Awdejew).— «.  From  Middletown» 
WConnecticut  (Herman n)_4lL  From  the  same  (O  e  s  t e n)..-^.  From  Chanteloub,  Limoges  ( Da m  o ur). 

/.  From  Hermankar  near  BjorkskSr,  In  Finland  (N  ord'ens  k  1 51d) g.  From  the  llmen  mountains  near 

Mlask  In  the  Ural  (Herman  n)..-A.  From  the  same  (O  est  en),  Bammel$berg*»  Mmeraickemie^p.  398. 

The  columbite  of  Bodenmais,  on  the  Babenstein,  near  Zwiesel,  occozs  in  granite.  In 
the  United  States  it  occurs  both  in  felspathic  and  in  albitic  granite. 
Niobitesof  Yttrium.    To  this  head  belong  the  minezals  FergusoniU^  Tjfrite, 
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and  Bragiie,  which  are  in  all  probability  identical.  Fergosonite  has  been  already  dea- 
cribed  (ii.  623).  Tyrite  occurs  near  Arendal  in  Norway,  in  crystals  too  small  for 
measurement,  but  probably  quadratic,  exhibiting  distinct  cleavage  and  having  a  den- 
sity of  5*13  to  5*56.  Accormng  to  Bondi  and  Kenngott,  their  form  is  identical  with 
that  of  Fergosonite,  The  mineral  decrepitates  and  gives  off  water  when  heatel,  and 
exhibits  with  fluxes  the  reactions  of  iron  and  uranium. 

Bragite^  also  horn  Arendal,  has  a  grey-brown  colour,  metallic  lustre,  uneren  small 
splintery-fracture;  hardness  »  45 ;  sp.  gr.  «  5'40. 

The  following  are  analyses  of  these  minerals ;  that  of  fergusonite  has  been  already 
giYen,  but  is  repeated  here  for  the  sake  of  ready  comparison. 


Tyrite. 

Bragite. 
d. 

Fergusonite. 
..  .* 

a. 

b. 

c. 

e. 

Niobous  oxide  . 

.      44-90 

44-48 

43-49 

48-10 

47-75 

48-84 

Stannic     „ 

•        •     • 

•     . 

0-09 

*     . 

1-00 

0-35 

Zirconie    „ 

•       ■     • 

2-78 

0-80 

1-45 

802 

6-93 

Alumina   . 

5-66 

3-55 

l-35WO« 

Yttria 

.      29-72 

27-83 

31-90 

32-71 

41-91 

88*61 

Cerons  oxide     . 

5-35 

5-63 

3-68  > 

7-43 

4-68 

8*05 

Oxide  of  lanthanum  . 

>        •        •     ■ 

1-47 

XJranous  oxide  . 

8-03 

5-99 

412 

4-95 

0-95 

0*35 

Ferrous  oxide   . 

6-20 

2-11 

1-12 

1-37 

0-31 

1-38 

Manganous  oxide 
Protoxide  of  lead 

Oil 

t                •               •         • 

•     • 

0-41 

0-09 

Lime 

081 

1-68 

1-95 

1-82 

Potash      . 

•    • 

•    • 

7-23 

0-39Mg*O 

Water      . 

4-52 
100-19 

4-66 
100-18 

371 
99-85 

1-03 
99-45 

99*62 

99-46 

«,ft.c.  Forbes  (Phil.  Mag.'  [4]  xlll.  91  ).-</.  Miehaelton  (J.  pr.  Chem.  xc.  106).~«.  Hartwall  (Fogg. 
Aon.xvi.  479}.—/  Weber,  Intngural  dissertation^  Berlin,  1859,  p.  59. 

Tlie  composition  of  these  minerals  may  be  represented  by  the  general  formula^ 


3M"0.Nb«0».HK)  or 


Nb« 


0«.H«0. 


Uranoniobite  of  yttrium  and  Iron.  Samarskite,  Uranotantalite,  WOi^h; 
TJ/O*.  Trimetric  An^le  of  prism  2f  <x>  -  135<^  to  136^  therefore  ooP :  odP  i. 
100^  40'  to  101^  40',  which  is  near  that  of  oolumbite.  Occurs  generally  in  flattened 
grains.  Hardness  ■-  6'6 — 6.  Specific  gravity  *  5*614 — 5*68.  Lustre  of  fracture- 
surface  shining  and  submetallic.  Colour  velTet-black.  Streak  dark  reddish-brown. 
Opaque.  Fracture  subooncho'idaL  When  heated,  it  decrepitates  slightly,  glows  and 
becomes  blackish-brown.  Before  the  blow-pipe  it  melts  on  the  edges  to  a  black  glass. 
With  baraXf  in  the  outer  flame,  it  forms  a  yellowish-green  to  reddish  glass ;  in  the  inner 
ayeUow  to  greenish-black  glass,  which  becomes  opaque  and  yellowish-brown  by  flaming. 
With  fiUcrocoMtie  salt,  an  emerald-green  bead  in  both  flames.  With  carbonate  of 
sodium,  the  reaction  of  manganese,  nhen  pulverised  it  is  slowly  but  completely  decom- 
posed by  hydrochloric  acid,  forming  a  greenish  liquid ;  more  easily  by  sidphuric  add. 


Niobons    oxide 

Tungstic 

Zirconie 

Stannic 

Uranic 

Ferrous 

Manganous,, 

Cupnc 

Cerous 

Tttria      . 

Thorina   . 

Lime 

Magnesia. 

Water      . 


n 
f» 
t$ 
n 


ft 
t» 


Analyses  of  Samarskite, 

b*  Cm  d. 

55-10  i 
0-48 1 


e. 


56-38       56-00        55*91 


56-36 


14-16 
15-43 


16-70 
15-90 


16-77 
15-94 


0-26 

19-22 

15-05 

0-56 

0-07 


/. 

}  47-47 

i   1-36 

.     .  4-35 

.     .  0-05 

16-63U«0 11-60 


915       1104 


8-36 


4*91 


8-87 
1-20 

2-85 
13-29 


0-92 
0*80 


102 
0*75 


1*88 
0-75 


0-44 
0-26 


96-84      101-41        99-61 


96-35 


0-50 
_0-33 

100-03 


1108 
0-96 
0-25 
8-31  i 

12-61 1 
6-05' 
0-78 
0-14 

_0M15 

100-41 


(50*17 

4-25 

0-63 

1108 

10-55 

1-61 


«.  b,  e,  \ff  Feres ;  tf.  bv  Chandler,  under  H.  Rofe't  direction  (Fogg.  Ann.  IxxL  IftTt  Ixxti.  469 ;  Ixxlil. 
4^).— «.  W  Hermann  (J.  pr.  Chem.  1. 178)^V'  1>7  Finkener ;    g.  by  Stephens,  under  Beae't  direction 
...  —  .^E  -„    _  ..  -      ::1iitt.  T.  49U  Jahre*.  HT        "" 


(Fogg.  Ann.  cxTlU.nS,  406, 497.  BulL  Soc.  Chin.  t.  491{  Ji 


1863,9.839). 
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The  fonniila  of  Bamaiskite  is  that  of  colmnbite  with  part  of  the  niobimn  replaced  bj 
uranium. 

Samarskite  is  from  the  Ilmen  mountains  near  Miask,  where  it  occurs  with 
sschynite  in  reddish-brown  felspar. 

Hermann's  yttroMmenite^  a  mineral  from  the  same  localitj,  agreeing  with  sa- 
marskite in  crystalline  form  and  density,  but  supposed  by  him  to  contain  a  peculiar 
acid,  ilmenic  acid  (iii.  245)  is,  according  to  H.  Aose,  nothing  but  samarskite  con- 
taining a  small  quantity  of  tungstic  add. 

Wloblo  Oxide  mt  AnHydrtAe,  NbO*  In  the  hydrated  state,  ^fb^aeuf.— This 
oxide  occurs  in  combination  with  lime  and  other  bases  in  pyrochlore  and  in  euxenite 
(ii.  611),  and  is  produced  artificially  in  the  form  of  a  hydrate  by  the  action  of  water  on 
niobic  chloride ;  in  the  anhydrous  state  by  roasting  niobic  sulphide  nitride  of  nio- 
bium.   It  has  not  hitherto  been  obtained  by  direct  oxidation  of  niobous  oxide. 

Niobic  oxide  is  white  at  ordinazy  temperatures,  yellow  while  hot.  Like  niobous 
oxide,  it  varies  in  density  according  to  the  mode  of  preparation  and  the  heat  to  which 
it  has  been  exposed.  The  hydrate  prepared  from  tne  chloride  is  amorphous  or  crys- 
talline according  as  that  compound  nas  been  decomposed  quickly  by  water,  or  slowly 
by  exposure  to  moist  air ;  in  the  latter  case  its  density  is  usually  6*2 ;  the  oxide  prepared 
by  fusion  with  acid  sulphate  of  potassium  has  about  the  same  density.  By  exposing 
either  of  the  products  for  a  considerable  time  to  a  white  heat,  their  density  is  diminished 
to  about  5  7'  The  hydrate  glows  when  heated,  and  is  converted  into  the  anhydrous 
oxide,  glassy  or  crystalline  according  as  it  has  been  obtained  from  the  amorphous  or 
the  crystalline  hydrat'C.  Niobic  acid  prepared  by  treating  the  chloride  with  water  is 
not  quite  insoluble  in  hydrochloric  acid. 

NiOBATES.  Niobic  oxide  unites  with  bases  in  several  proportions.  B o s e  regards  as 
neutral  the  salts  containing  MH).2NbO'e.  M^b'0^  or  m  t}ie  case  of  diatomic  metals, 
H^NbH!)*.  The  niobates  of  the  alkali  metals  are  soluble  in  wat«r,  and  their  solutions 
yield  with  hydrochloric  acid  a  precipitate  of  niobic  acid,  the  precipitation  being  com- 
plete if  it  takes  place  in  the  cold  and  the  hydrochloric  acid  is  not  added  in  too  great 
excess ;  if,  however,  the  alkaline  uiobate  is  boiled  with  a  laz*ge  excess  of  hydrochloric 
add,  a  turbid  liquid  is  formed  which  becomes  clear  on  dilution  with  water,  and  from 
the  solution  thus  formed,  the  niobic  add  is  precipitated  by  sulphuric  acid  only  when 
the  quantity  of  hydrochloric  add  present  is  below  a  certain  limit.  Nitric  acid  reacts 
with  solutions  of  alkaline  niobates  in  the  same  manner  as  hydrochloric  add.  PhoS' 
jfhoriCf  arseniCf  oxalic^  tartaric^  racemic^  and  citric  acids  form  no  precipitate  in  these 
solutions ;  acetic  acid,  on  the  contrary,  precipitates  them ;  hydrocyanic  acid  merely  renders 
them  opalescent ;  Gallic  and  tannic  acids  (or  infusion  of  galls)  produce  no  predpitate 
unless  the  solution  is  addulated  with  hydrochloric  or  sulphuric  acid,  in  which  case  an 
orange-yellow  precipitate  is  formed.  If  the  greater  part  of  the  niobic  acid  be  thrown 
down  from  the  solution  of  an  alkaline  niobate  by  hydrochloric  acid,  and  metallic  rine 
then  introduced,  the  niobic  acid  becomes  first  blue,  then  brown,  and  after  some  time 
white  again ;  if  dilute  sniphuric  acid  be  used  instead  of  hydrochloric,  the  blue  colora- 
tion is  produced  more  slowly,  but  is  generally  purer ;  it  is  best  produced  by  using 
hydrochloric  acid  with  addition  of  dilute  sulphuric  acid.  The  blue  niobic  acid  turns 
brown  on  addition  of  ammonia,  and  on  exposure  to  the  air  quickly  becomes  white  again. 

Niobates  of  Potassium, — Monopotassic  niobate  cannot  be  obtained  pure  by 
fusing  niobic  anhydride  with  hydrate  of  potassium,  since  it  is  soluble  in  hydrate  of  po- 
tassium in  all  proportions,  and  cannot  be  isolated  by  crystallisation.  Niobic  anhydride 
fused  with  carbonate  of  potassium  expels  carbonic  anhydride,  and  forms  the  compounds 
6K«0.6NbO»  and  7K*0.6Nb«0*;  the  quantity  of  carbonic  anhydride  eliminated  in- 
creasing with  the  duration  of  the  fusion. 

Niobates  of  Sodium. — When  niobic  anhydride  is  added  to  melting  hydrate  of 
sodium,  a  strong  action  takes  place,  attended  with  incandescence ;  and  on  subsequently 
treating  the  fused  mass  with  water,  the  excess  of  sodium-hydrate  is  first  removed  and 
fresh  water  then  dissolves  the  so-called  neutral  salt,  Na*0.2NbO*  or  Na«NbK)»,  which 
ciystallises  from  the  solution  generally  with  7  at,  but  sometimes  with  5  at.  water. 

Salts  containing  a  larger  proportion  of  acid  are  obtained,  together  with  that  just  men- 
tioned, by  fusing  niobic  anhydride  with  carbonate  of  sodium,  also;  though  slowly,  by 
decomposing  a  solution  of  the  neutral  salt  with  carbonic  acid.  'Bv  fusing  together 
weished  quantities  of  niobic  anhydride  and  carbonate  of  sodium,  and  keeping  the  heat 
moderate,  a  quantity  of  carbonic  anhydride  is  expelled  corresponding  to  tne  formation 
of  the  salt  Na'O.NbO'  or  Na'NbO* ;  at  higher  temperatures,  however,  a  larger  quantity 
of  carbonic  anhydride  is  expelled. 

Chloride  of  ammonium  added  to  a  solution  of  niobate  of  sodium  forms  an  immediate 
predpitate,  which  however  contains  but  a  small  quantity  of  ammonia. 

On  addinff  the  solution  of  the  sodium-salts  to  a  neutral  salt  of  an  earth-metal  or 
aheavymetaJ,  precij^ifcates  are  formed  ooDfiisting  of  neutral  niobates  having  the  compo- 
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ntlon  ])l[*O.KbO*  or  M'lTbO'.    Bose  has  obtained  the  magnesium,  one,  silver,  mercu- 
xons  and  cnpric  salts. 

Niohate  of  Calcium^  Cerium^  ^c. — ^This  is  the  composition  of  pjrochlore,  a 
mineral  occurring  imbedded  in  syenite  at  FredriksTam  and  Lauwig  in  Norway,  asso- 
ciated witb  zircon,  polymignite,  and  phosphate  of  yttrium ;  also  at  Brevig  with  thorite ; 
in  the  Bmen  mountains  near  Miask,  and  associated  with  tourmalin  in  the  albite  vein  at 
Chesterfield,  Massachusetts.  Monometric,  occurring  in  octahedrons  modified  by  faces  of 
the  cube,  also  in  dodecahedrons  and  trapezohedrons  202,  303.  Cleavage  octahedral, 
sometimes  distinct,  especially  in  the  smaller  crystals.  Hardness  »  5 — 5*5.  Specific 
eravity  —  3-802  from  Brevig  (Berzelius);  4*32  from  Miask  (Rose) ;  4*203  from 
liiask  (Hermann) ;  4*203—4*221  from  Fredriksvam  (Hayes).  Lustre  vitreous  or 
resinous.  Colour  pale  honey-yeUow,  brown,  dark  redaish  or  blackish-brown.  Sub- 
translucent  to  opaque.  Fracture  concho'idaL  Before  the  blowpipe  it  becomes  pale 
brownish-yellow  or  lemon-yellow,  but  retains  its  lustre  and  fuses  with  great  difficulty. 
With  borax  it  yields,  in  the  outer  flame,  a  reddish-yellow  transparent  glass  which  becomes 
opaque  by  flaming,  and  with  a  larger  proportion  of  borax  forms  a  white  enamel.  In 
mierooosmie  salt  it  dissolves  completely,  forming  in  the  outer  flame  a  yellow  glass 
which  becomes  gmss-green  on  cooling. 

FredrOuTara.  Brevig.  MUsk. 

Wohler.  Hayes.  WShler.  Cbjdenius.  Wd'hler.  Hermaniu 

Niobicoxide         )                      go.7/5  56310  6702)  ^.^-  ^..„    J60*83 

Titanic  oxide       J         '        •   ®^  ^^  1 20*20  trace  (  ^^^^  ^^  ^^   \  4*90 

Stannic  oxide        .        •        .     0*61  .     .  .    .  0*67 

Atoina^^ ;     ;     ;     ;  f*^J^      ;  ;  \    6-i6       .  .      18I6   15*23* 

Ferric  oxide.        .        .        .     2*16  2*36 

Uranie  oxide .     .          4*60 )  a  ro 

Uranous  oxide      .        •        .     618          1*20         .    .  (  ^'^^ 

FeRoos  oxide .    •  1*33 

Manganous  oxide .        .        .     2*76          .    .          1*69  .    .          1*28        2*23 

Cerous  oxide .    .          .    .  6*00         0*14 

Yttiia 4-62 

Thorina .    .          .    .  1602         0*81        0*94 

Lime             ....    12*86        19-45         9*88  .    .         10*98 

Magnesia .    .                        9*80 

Soda             4*60         6*29         1*46 

Potash .    .          .     .          3*62 

Fluorine       •        .        •        .    trace          .    .          .    .  not  det.      3*23         0*66 

Water           ....    4*20           0*80         7*06  1*17         116         2*21 

97*30        9710       96*74  96*87      103*41     101*87 

WShler  (Pogff.  Ann.  t11.  417 ;  zxtII.  80;  xWiil.88;  Ann.  Ch.  Pbann.  Ixi.  264).  Hayet  (SHI. 
Am.J.  xlH.  lAB,  164).  CbTdaniut  (Jahresb.  1863, p. 831.  Hermann  (J.  pr.  Cbeni.  xxxt.94  ;  1. 189; 
IxTiii.  96).  According  to  Hermann'c  mokt  recent  statemenl,  pyrochlore  contains  niobuus  as  well  as 
niobicMid. 

I^rrochlore  (or  Microlite)  firom  Chesterfield,  Massachusetts,  contains,  a4M)rding  to 
Shepard  (SiU.  Am.  J.  xxxiL  338),  76*70  per  cent  niobic  oxide,  7*42  tungstic  oxide, 
luanous  oxide  and  yttria,  14*84  lime,  and  2*04  water. 

Euxenite  (iL  611)  from  Norway  is  essentially  a  titano-niobate  of  yttrium  and 
uranium. 

Mschynite  (i.  69)  from  Miask,  is,  according  to  Hermann,  a  compound  of  titanic 
and  niobic  (perhaps  also  niobous)  oxides  with  eerie,  ferric,  lanthanic  oxide,  &c. 

Poly  erase,  a  mineral  from  Hitteroe  in  Norway  agreeing  in  ciystalline  form  with 
colnmbite  and  samarskite,  contains,  according  to  Scheerer  (Pogg.  Ann.  bii.  430; 
Ixxii  568)  and  Hermann  (J.  pr.  Chem.  L 181),  titanic,  niobic  and  ziroonic  oxides,  com- 
bined with  ferric  q^de,  uranie  oxide,  cerous  oxide,  and  yttria»  small  quantities  of 
alumina,  and  traces  of  lime  and  magnesia. 

VSOBIOlKt  SVUPBZBBS  OV.  The  compound  Nb'S"  is  produced  by  the  action 
of  sulphydric  acid  gas  on  niobic  chloride,  at  ordinary  or  more  quickly  at  higher  tem- 
peratures, or  by  passing  the  vapour  of  saJphide  of  carbon  mixea  with  carbonic  anhy- 
dride (to  carry  it  forwsmi)  over  strongly  ignited  niobic  oxide.  It  is  a  black  powder 
which  conducts  electricity  and  acquires  metallic  lustre  by  trituration.  It  is  decom- 
posed by  chlorine  at  a  gentle  heat,  yielding  niobic  chloride  and  chloride  of  sulphur. 

The  same  compound  is  formed  by  heating  niobous  chloride  in  sulphydric  acid  gas. 
KiobooB  oxide  u  oonverted  by  sulphide  of  carbon  vapour  at  a  red  heat  into  the 

•  With  oxide  of  laothaniim. 
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compound  Nb*S*.3NbS,  and  at  a  white  heat  into  Kb*S*.7NbS.  These  piodnete,  called 
by  Rose  sulphide  of  hyponiobium,  resemble  the  Bulphidoi  Nb^*,  in  physical  properties, 
excepting  that  they  acquire  a  6teel>grey  colour  by  trituration,  vhereaa  Nb^  remains 
black.  Sy  ienition  in  hydrogen  gas  they  are  oonyerted  in  Nb^S'.  When  burnt  in  the 
air  they  yield  niobous  oxide. 

VBFBO&m.      A  Tariety  of   chiolite  (fluoride  of  aluminium  and  sodium, 
2NaF.AllF'),  found  at  Miask  in  the  UraL    (See  Sodiuh,  Fluobidb  of.) 


A  yellow  amon>hou8  substance,   produced   by  tho  action  of 
sulphide  of  ammonium  on  paranitraniline.    (Arppe,  Ann.  Ch.  Pharm.  xcvi.  113.) 

Ji  ITJULCXO&a  A  heavy  colourless  pungent  liquid,  formed,  together  with  others, 
by  the  action  of  strong  nitric  acid  on  oenanthol  (Tilley,  FhiL  Mag.  [3]  ^^-g"*  81)  ; 
also  on  choloi'dic  acid  (Bed tenbacher,  Ann.  Ch.  Pharm.  Ivii.  145). 

See  Amabikb  (i.  162). 

An  explosive  substance  produced  by  the  action  of  strong 
nitric  acid  upon  starch,  also  called  Xylo'idin  (^.  v.). 

HZTXAir.  Graham's  name  for  the  radicle  NO",  which  must  be  supposed  to 
exist  in  the  nitrates,  when  they  are  regarded  as  formed  on  the  type  of  the  chlorides, 
€.ff,  nitric  acid,  NO*.H. 

Syn.  with  Nztbatbs.    ■ 

See  Anilxnb,  Nitbio  Dsbiyatites  of,  under  TmamAMTKEB. 

vmJLNIBlO  ACIB8.    See  Axisic  Acid  (i.  302)i 

See  AinsB,  On.  of  (i.  298). 

L    See  AmsmnfB  (i.  304). 

See  Akibol  (L  305). 

See  Nitric  acid,  under  Kitboosh,  Oxidbs  and  OxrosN-ActDS  of. 

Native  nitrate  of  sodium.     See  NiTHiLTBS.  ' 


VXTKAKOFBiannbAMZVB.     See  Anilinb,  Nitbio  Debitatiybs  of,  under 

PHBNTLAJCnniB. 


»mtAXO»BBWT3b-cmtAcoirA»ao  acxb.)    ;,    ^,    ,  ^    , 

)    Bee  the  last  reference. 


A  name  applied  -sometimes  to  nitrate  of  potassium,  sometimes  to  nitrate 
of  sodium,  but  more  frequently  in  commercial  language  to  the  latter,  the  potassium- 
salt  being  more  especially  distinguished  as  saltpetre. 

See  NrrROOEM,  Oxidbs  and  Oxtgezt-Acids  of. 

Syn.  with  Nitkogbk. 

This  term  might  be  applied  to  the  compounds  of  nitrogen  with  any 
other  elemei^t  or  radicle,  but  it  is  chiefly  used  to  designate  the  compounds  of  nitrogen 
with  phosphorus,  boron,  silicon,  and  the  metals.  The  metallic  nitrides  hare  for  the 
most  part  the  composition  denoted  by  the  formule  EN,  B'N,  or  R'N  (R  denoting  a 
monatomic  metal),  the  last  being  analogous  to  ammonia.  They  are  mostly  obtained  by 
the  action  of  ammonia  on  metallic  oxides  or  chlorides ;  frequently  also  by  the  direct 
action  of  atmospheric  nitrogen  on  metals  at  the  moment  of  separation  frt)m  their  oxides 
by  diarcoal.  Most  of  them  have  a  metallic  aspect,  are  easily  decomposed  by  heat, 
sometimes  with  explosion ;  some  of  them  however  withstand  a  very  high  temperature 
without  decomposition.  Many  of  them  are  reduced  to  the  metallic  state  by  ienition  in 
hydrogen  or  ammonia-gas ;  heated  with  water  or  hydrate  of  potassium ;  they  often 
yield  metallic  oxides  and  ammonia ;  they  bum  when  heated  in  the  air.  They  unite 
with  other  metallic  compounds,  especially  with  metalamides.^rFQr  the  special  descrip- 
tions of  these  compounds,  see  the  several  metals ;  for  the  memods  of  analysing  them, 
see  page  65.] 


This  term  is  applied  to  the  cyanides   of  the  alcohol-radides  j 

regarded  as  compounds  of   nitrogen  with  acid  radicles;    thus  cyanide  of  ethyl  > 

C»H».CN  «  propionitrile  C«H*.N.     (See  CxAinDES,  ii.  202,  211,  258,  272,  274;  also 
Bbnzonitbilb,  i.  603,  and  CriinDB  of  Cbtti.,  i.  840.) 

Mendius  (Ann.  Ch.  Pharm.  cxxi.  129)  has  shown  that  the  nitriles  are  converted 
by  direct  assumption  of  hydrogen  into  amines,  according  to  the  general  equation: 
OH*^*  +  H*  —  OH*"+"N ;  e.ff,  formonitrile  (cyanide  of  hydrogen)  into  methyl- 
amine,  acetonitrile  into  ethylamine,  ^ke,    Tho  oonyexsion  is  e£ieetea  by  bringing  &• 
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Bitrile  mixed  with  hydrochlorie  acid  and  alcohol  into  contact  with  metallic  sine.    (See 
iiL  995.) 

r.    See  Ihdin  (iiL  266). 

See  NxTBoxTS  Acid,  nnder  Nitboosn,  Oxidss  and  Oztgbn- acids  of. 

See  AzoBmfzsNB  (i.  478). 

.    See  Bbnzaiodb  (L  641). 

See  Fbentl-beiyzamide,  nnder  PHBirrLAMiNBS. 

or  Benzomitbamisidb  (see  Anisidinb,  i.  304). 

See  Bbnzbnb  (i.  543). — ^The  following  are  additional  modes 
of  formation  and  transformation  of  these  compounds. 

1.  Nitrobenaene  is  produced,  together  with  other  products,  b^  the  action  of  strong 
nitric  acid  on  oil  of  turpentine  (H.  Schiff,  Ann.  Ch.  Pharm.  cxiv.  201).  See  Tvbpbk- 


2.  In  preparing  nitrobenzene  for  use  in  perfumery,  H.  Vohl  recommends  that  the 
benzene  be  first  distilled  at  a  temperature  beiow  83^,  to  free  it  from  aTolatile  sulphur- 
etted body  which  it  usually  contains.  The  nitrobenzene  is  subsequently  to  be  distilled 
in  a  current  of  aqueous  yapour,  and  the  portion  of  the  product  which  remains  dissolved 
in  the  water  separated  by  addition  of  common  salt.    (Dingl.  pol.  J.  clxvii.  148.) 

8.  Nitrobenzene  distilled  for  a  long  time  with  chromate  of  potassium  and  sulphuric 
acid,  is  conyerted  into  nitrophenoic  acid,  C*HXNO')0'  (Church,  Chem.  Soc  Qu. 
J.  ziy.  52).    See  Phbkoic  Acid. 

4.  When  yapour  of  nitrobenzene  mixed  with  hydrogen  is  passed  oyer  heated 
platinum  sponge,  there  is  obtained  amongst  other  products  a  yellowish  oil,  forming 
with  hypocnlorite  of  calcium  a  blue  substance  which  is  reddened  by  acids  and  turned 
blue  again  by  alkalis.  It  is  insoluble  in  water,  soluble  in  alcohol  and  ether,  and  is 
neutral  to  litmus.     (G.  Jumel,  BulL  Soc.  Chim.  1861,  p.  47.) 

5.  Nitrobenzene  heated  with  sulphide  of  carbon  to  160^  is  conyerted  into  aniline. 
(Schlagdenhanffen,  J.  Pharm.  [3]  xxxiv.  175.) 

For   other   modes   of  effecting   this  transformation,  see  Annum  under  Phent- 

LASmiBS. 

6.  Nitrobenzene  treated  with  2  pts.  iron  filings  and  ^  pt  strong  hydrochloric  acid 
is  conyerted  into  a  red  colouring  matter  called  erjthrobenzin.  After  24  hours'  contact 
the  solid  mass  is  to  be  triturated  and  exhausted  with  water,  the  clear  solution  pre- 
cipitated with  common  salt,  and  the  product  purified  by  resolution  and  precipitation. 
(F.  Laurent  and  J.  Gastlehaz,  Bep.  Patent  Inventions,  Oct  1862,  p.  339.) 

7.  Dinitrobenzene  treated  with  iron-JUinga  and  acetic  acid,  is  converted  into  pheny- 
lene-diamine,  C«H*(NO«)«  +  H»»  -  ^WO  +  N'.HXC^*)".  (A.  W.  Hofmann, 
Proc  Roy.  Soc  xL  518.) 

VXTKOBSVZOSmB.  Syn.  with  Hydride  of  Nitrobenzoyl  (see  Bbmzti^  Htdbidb 
OF,  i  574). 

rxozc  ACZD8.    See  Bbnzoic  Acid  (i.  455). 

See  Bbbzonttbilb   (i  564).     For  the  action  of 
anlphide  of  ammonium  on  this  compound,  see  SuLPHAKiDOBBifZAHiNB. 

Ji  IT JtOBXVZO'SXy  PBSOXZBB  OV.     See  Peboxidbs. 

SITKOBBVXOVB  or  VZT&OBBWZOPBBWOIVB.     See  Bbkzonb  (L  562). 

WtTBOBBBZOTZi-BBirXOZV.    See  Bbnzoim  (i.  560). 

BnTBOBBOMO«^HJBll  lO  or  -OABBOZiZO  ACZB.    See  Phbkol,  Dbbtva- 

liyBS  OF. 

D.    Syn.  with  Buttbo-nitbio  Acid  (l  698). 
Native  nitrate  of  calcium  (see  Nitbatbs). 

VO  ACZB.  C>«H»(NO*)0.— Produced,  together  with  nitrocapiylio 
add,  by  the  action  of  boiling  nitric  acid  on  the  non-yolatile  fatty  adds  of  cocoa-nut  oil. 
(Wirz,  Ann.  Ch.  Phaim.  dv.  289.) 

See  Gafbtlic  Acn>  (L  745). 

lOZiZC  ACZB.    Syn.  with  Nitbofhbmic  Acid. 

See  Cbllttlosb  (i.  819)  and  Pisoztlik. 

^OS&OBOBBmumm  See  Cklosidb  ov  Dikitbofbbntl,  under  PuonrL, 

CmOBIDH  OF. 
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I 


mVBOOBXiOBOBBHZOIO  ACIDS.  These  adds  are  prodnoed  by  the  action 
of  fuming  nitric  acid  on  the  corresponding  chlorobenzoic  acids.  Nitronumockhroben'^ 
zoic  acid,  C'H^C1(N0')0*,  is  slightly  soluble  in  cold,  easily  in  hot  water,  and  crys- 
tallises in  needles  which  melt  at  205(?)  Its  silyer-salt  is  a  whiteprecipitate  which 
separates  iVom  water  in  flat  crystals,  NitrodkUorobenzoie  add,  CrH'01\N0')0*  is  a 
yellowish  oil  which  does  not  solidify  even  after  long  standing.  (Otto,  Ann.  Ch.  Pharm. 
cxxii  129.) 

r     See  Ghlorohiceic  Acn>  (i.  920). 


CH*N<0»?  (Redtenbacher,  Ann.  Ch.  Pharm.  Ivii. 
145.) — ^An  acid  produced  by  the  action  of  nitric  acid  on  choloidic  acid  (L  929).  The 
heavy  oil  which  condenses  in  the  receiver  has  an  acid  reaction,  but  is  not  a  nniform 
substance.  When  washed  with  water  and  left  in  contact  with  aqueous  potash,  it 
acquires  a  yellow  colour,  and  if  the  alkaline  solution  is  concentrated,  deposits  lemon- 
yellow  crystals  of  nitrocholate  of  potassium.  To  obtain  the  whole  of  this  salt,  the 
alkaline  solution  is  decanted  from  the  unaltered  oil  and  evaporated  in  a  yacuum.  It 
may  be  purified  by  redissolving  the  crystals  in  tepid  water,  and  again  evaporatixig  in  a 
vacuum. 

Nitrocholate  of  potasaivm,  CHKN^O*?,  has  a  lemon-bellow  colour,  and  apparently 
the  same  form  as  ^rrocyanide  of  potassium ;  it  has  a  slightly  intoxicating  oaour,  and 
is  not  permanent  in  the  air.  The  crystals,  as  they  dry  even  in  vacuo,  and  especially  if 
heated,  split  into  a  great  number  of  small  fhigments,  acquiring  at  the  same  time  a 
powerful  odour  and  apparently  suffering  decomposition.  The  solution  of  the  salt 
decomposes  under  the  same  circumstances.  When  boiled  for  a  long  time,  it  yields 
crystals  of  saltpetre.  When  decomposed  by  an  acid,  dilute  sulphuric  acid  for  example, 
it  yields  nitrous  acid,  nitric  acid,  a  fat  oil  and  hydrocyanic  acid,  products  which  may 
likewise  be  obtained  from  the  mother-liquor  of  the  crude  nitrocholate.  Nitrocholata 
of  potassium  does  not  precipitate  metallic  salts. 


See  Chbtssmb  (L  968). 

\OOTSm  A  M  BWrni    See  Cimnajcbmb  (L  983). 

See  CiNKAMio  Acm  (i.  988). 

See  CraKAiODB  (i.  989). 

NUranisyl-cinnamde  or  CHnnitranindet  0'*H'*N*0* 
(S'ie  i.  304,  989). 

irZTKOGOCOVSXC  AOZB.  A  product  of  the  action  of  nitric  acid  on  carmine 
(i.  804). 

VXrmOOOBaZVa.    See  CoDEoni  (L  1068). 
mTROCOVaiAXXir.    See  CouiCABiN  (ii.  94). 
VITROC U  MJUi  ■  or  VZTKO<nrBIO&.    See  Cuubnb  (ii.  174). 

See  Chbstlio  Aixohol  (ii.  207). 

or  irXT&OO  U  BULDnrB.    See  CuHENTLAKiifS 
(ii  178). 

ACID.    See  Cuminic  Acid  (i.  178). 

or  VXrmOCTMOXN    See  Ctkenb  (ii.  296). 

Syn.  with  Nttiunisic  Acid. 

Nitrodiohlorophenol,  Nttrodichloroear' 
bdic  acid,    (See  Phenol,  DBRrvATivss  of.) 

irXTROB&ACmbABKZllB.  C'H<N*0*.  Isomeric  with  nitrobenzamide  (i.  541). 
Obtained  by  the  action  of  ammonia  on  nitrodracylic  ether.  (Wilbrand  and 
Beilstein.) 

mTBOB&ACnXZO  AOIB.  Paranitrobeneoic  acid.  C^H*(NO*)0'.  (Wil- 
brand and  Beilstein,  Ann.  Ch.  Pharm.  cxxvi.  255  ;  cxxviii.  257. — O.  Fischer, 
ibid,  cxxvii.  137;  cxxx.  128.) — An  acid  isomeric  with  nitrobenzoic  acid,  produced  by 
the  action  of  fuming  nitric  acid  on  toluene  (hydride  of  benzyl).  It  was  first  observed 
by  Glenard  and  B  oudault  (Ann.  Ch.  Pharm.  xlviii.  344),  who  however  assigned  to  ' 

it  the  formula  C^*II\NO*)0*,  Fischer  obtained  it  as  a  secondary  product  in  preparing  | 

nitrobenzene  from  benzene  containing  toluene.    By  agitating  the  crude  nitrobenzene  | 

thus  obtained  with  dilute  soda-ley,  and  neutralising  the  alkaline  solution  with  hydro- 
chloric acid,  the  add  separated  in  flocks,  which  were  purified  by  reaystalli^ation  with 
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addition  of  animal  dbarcoal.  Wilbrand  and  Beilstein  saturate  fuming  nitric  add  with 
tolnene,  keeping  the  liquid  cool ;  boil  the  mixture  for  four  or  five  days  with  excess  of 
nitric  acid;  dilute  the  liquid  with  water ;  distil  off  the  greater  part  of  the  nitric  acid 
and  the  unattached  toluene ;  agitate  the  residue  with  dilute  ammonia ;  supersaturate 
with  nitric  acid ;  and  purify  the  separated  nitrodracylic  acid  by  repeated  solution  in 
ammonia^  precipitation  with  add,  and  recrystallisation  from  alcohoL  The  mother- 
liquor  retams  a  more  soluble  add,  not  yet  examined. 

Nitzodracnrlic  add  aystallises  from  solution  in  yellowish  laminae,  and  sublimes  in 
Blender  neecUes.  It  is  easily  soluble  in  alcohol,  ether,  and  boiling  water ;  melts  at  240^ 
(nitzobenaoic  add  at  127°). 

IfUrodraeylaU  of  Anmaniwn,  CrQK^ra«)(N0*)0>.2H*0,  crystsUises  in  faint  rose- 
colonred  very  efflorescent  laminse  (Wilbrand  and  Beilstein).  On  saturating  an 
ammoniacal  solution  with  sulpfaydric  acid,  and  adding  acetic  add  to  the  filtjate,  a  crys- 
talline predpitate  is  formed  consisting   of  oxydracylamic  acid,   G'H'NO'  or 

H*       ( O'  ^°^^^  ^^^  oxybenzamic  add  (Eischer).    The  same  acid  is  produced 

by  treating  nitrodracylic  add  with  tin  and  hydrochloric  add  (W.  and  B.).  See  Oxt« 
DBACTULjnc  Acn>. 

NitrodracflaU  of  Barium,  2C'H*Ba(NO«)0«6H«0  or  C"fl«Bba''(N0«)«0^5H*0, 
crystallises  in  transparent  yellow  prisms  (W.  and  B.);  the  calcium-salt  in  colourless 
needles  containing  C'H*Ca(N0»)0».4H»0  or  C"H«Cca"(N0«)«0*.8H«0  (W.  and  B.) ;  in 
splendid  krge  tables,  C"H»Cca"(N0«)«0«.9H«0,  which  give  off  8  at.  water  over  oU  of 
▼itriol,  and  the  remainder  at  150°  (Fischer).  [Nitrobenzoate  of  caldum  crystal- 
lises, according  to  Fischer,  in  indistinct  nodules  with  2  at.  water,  which  it  gives  off 
between  130^  and  190°.] 

The  had'talt,  C"H»Ppb''(KO«)*0«,  crystallises  in  needles  (W.  and  B. ;  Fischer); 
the  moffnenum-taU  in  thick  rhombohedral  crystals  (W.  and  B.);  the  silver^salt  in 
needles  (Fischer;  W.  and  B.) ;  the  sodium'SaU  in  laige  yellow  prisms.  (W.  and  B.) 


The  ethyli4)  ether,  C'H*(C»H*)(NO«)0«, 
obtained  by  treating  the  alcoholic  solution  of  the  add  with  hydrochloric  acid  gas, 
cxystallises  from  al^hol  in  large  inodorous  laminae,  melting  at  67^. — The  methylic 
etker,  CHXCH^XNO")©*,  forms  nacreous  Lunin»  melting  at  96°.  (Wilbrand  and 
Beilstein,  loc,  cit.) 


Nitroerythrin,      See  Eatthrokannxti  (ii. 
606), 


(»!-).  C*HW«0*.  (Frankland,  PhU.  Trans. 
1857,  p.  69 ;  Chem.  Soc.  J.  xi  89.)---This  add  is  obtained  as  a  sine-salt^  C^*ZnNK>* 
or  rather  C*H"ZznT^*0*,  by  the  combination  of  4  at,  nitric  oxide  (NO)  with 
1  at  zinc  ethyl  (C*H'*25ai*').  When  zinc-ethyl,  either  pure  or  dissolved  in  ether, 
is  passed  up  by  small  quantities  into  dry  nitric  oxide  confined  over  mercury,  the  gas 
is  absorbed  slowly,  but  completely  and  in  large  quantity,  without  the  production  of  any 
other  gas.  The  solution  may  be  accelerated  by  agitation.  At  the  end  of  one  to  four 
davs,  rhomboidal  crystals  of  a  zinc-salt  begin  to  be  deposited,  and  increase  in  number 
till  the  liquid  finally  solidifies. 

[For  a  description  of  the  mode  of  preparing  it  in  larger  quantities,  see  the  memoir 
above  dted ;  also  Gmelih's  Handbook,  xii.  666  J] 

The  salt  obtained  as  above  is  a  compound  of  dinitroethylate  of  zinc  with  zinc-ethyl 
C*H>»ZznTJ«0«.Zzn"(CTa[»)«.  It  dissolves  in  anhydrous  ether,  and  separates  from  the 
solution  in  large,  colourless^  transparent,  rhomboidal  crystals,  which  instantly  become 
opaque  on  exposure  to  the  air,  owing  to  the  formation  of  an  oxidised  product.  Heated 
to  between  180°  and  190°  it^gives  off  a  mixture  of  carbonic  anhydride,  ethylene,  hydride 
of  ethyl,  nitrogen,  and  nitrons  oxide. 

A  basic  dinitroethylate  or  oxy-dinitroethylate  of  Hnc,  C^H**ZznN^CH.ZznO  is 
obtained  by  treating  the  preceding  salt  with  water,  which  decomposes  the  zinc-ethyl, 
with  evolution  of  hydride  of  ethyl  and  formation  of  oxide  of  zinc.  The  oxy-dinitroethy- 
late  remains  dissolved  in  the  water,  and  on  passing  carbonic  anhydride  through  the 
solution,  carbonate  of  zinc  is  precipitated,  and  a  solution  is  obtained  which  when 
evaporated  to  dryness,  yields  neutral  dinitroethylate  of  eine,  as  a  radiated  arstalline 
mass  composed  of  C^H'*Zzn'^«0*.HK) ;  and  this  when  heated  to  100°,  yields  the  anhy- 
drous salt,  which  takes  fire  at  about  800°,  burning  with  a  beautifid  bluish-green 
llama 

•  JHnUroethylic  acid  is  obtained  in  dilute  aqueous  solution  by  decomposing  a  dilute 
solution  of  the  sino-salt  with  sulphuric  add  and  distilling  in  a  vacuum,  or  by  decom- 
posing the  barium-salt  with  just  sufficient  sulphuric  add  to  precipitate  the  base.     It 
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has  a  pungent  odour,  reddens  litmus  stronglj,  and  is  vety  unstable,  decomposing 
gradually  even  at  ordinaiy  temperatures,  and  rapidly  when  slightly  heated,  with  evolu- 
tion of  gases  and  white  vapours. 

The  £nitroethylates  are  all  soluble  in  water  and  in  alcohol,  and  most  of  them  crys- 
tallifie  with  more  or  less  difficulty.  They  are  all  violently  acted  on  by  strong  nitric 
acid,  the  dinitroethylic  acid  being  decomposed  and  a  nitrate  of  the  base  produced. 
Dilute  nitric  acid  acts  in  a  similar  way,  but  more  slowly.  They  all  melt  at  a  little 
above  100^.  The  potassium*,  sodium-,  calcium-,  and  barium-salts  deflagrate  explosively 
like  loose  gunpowder,  at  a  temperature  considerably  below  redness. 

Dinitroethylate  of  Barium,  C*H"Bba''N^O*,  prepared  by  treating  the  zinc-salt  with 
excess  of  caustic  baryta,  removing  the  excess  of  baiyta  by  carbonic  acid,  &&,  is  neu- 
tral, uncrystallisable,  very  deliquescent,  and  very  soluble  in  water. — ^The  calcium-aalt, 
C*H'*'Cca"N*0*.3H'0,  prepared  like  the  barium-salt,  ciystalUses  in  silky  needles  whidi 
give  off  2  at.  water  at  100°.  By  distillation  with  ethyl-sulphate  of  potassium  it 
appears  to  yield  dinitroethylate  of  ethyl— The  copper-salt,  2C*H>«Ccu"N*0*.H*a 
prepared  from  the  barium-sfdt  by  double  decomposition,  forms  a  solution  of  a  splendid 
purple  colour,  which,  bv  evaporation  in  a  vacuum,  yields  purple  four-sided  needles 
several  inches  long. — The  magnesium'Saltf  C*H''Mmg''N*0*,  prepared  by  decomposing 
the  zinc-salt  with  magnesia,  separates  from  the  solution,  when  concentrated  over  a 
water-bath,  in  granular  crystals  which  melt  at  100°,  and  dry  up  to  a  solid  amorphous 
mass  consisting  of  the  anhydrous  salt — ^The  silver-salt,  C^H^AgK'O^  prepared  like  the 
copper-salt,  is  very  soluble  in  water,  and  crystallises  in  veiy  light  scales,  which  are 
rapidly  decomposed  on  exposure  to  light.  A  compound  of  this  salt  with  nitrate  of 
silver,  C*H*AgN*0'.AgNO',  is  obtained  as  a  ciystaUo-granular,  sparingly  soluble  pre- 
cipitate, on  nuxing  concentrated  solution  of  dinitroethylate  of  zinc,  and  nitrate  of  silver. 

See  EuxAi9THio  Acm  (iL  610). 

Nitroprussides.     (See    CrAinDBS  of  Ibok,  ii. 
260.) 

See  KrrROXBTHiDBS. 

romUO  ACZD.    See  Fbakottuk  (ii.  707). 

srZTROOBV.  Afote,  Gas  azote,  Stickluft.  Stiehstoff,  Atomic  Weighty  14. 
Symbol,  N. — This  element  was  discovered  by  Butherfordin  1772.  Lavoisier 
subsequently  ascertained  that  atmospheric  air  is  composed  of  oxygen  and  nitrogen 
gases,  the  latter  of  which  he  called  azote^  from  its  incapability  of  supporting  life  (a  and 
^(w^).  Chaptal  afterwards  gave  it  the  name  nitrogen,  fkom  its  entering  into  the  com- 
position of  nitre,  nitric  acid,  &c. 

Nitrogen  constitutes  about  one-fifth  of  the  volume  of  the  atmosphere.  It  occurs 
also  in  the  free  state  in  the  air-bladders  of  fish,  and  in  other  cavities  of  the  bodies  of 
animals  and  vegetables.  In  combination  it  occurs  in  native  nitrates  and  ammo- 
niacal  salts,  and  in  a  vast  number  of  organic  compounds,  especially  those  belonging  to 
the  animal  kingdom. 

Preparation,  1.  From  the  Air, — ^Nitrogen  may  be  separated  from  the  air  by  burning 
in  it  any  substance  which  forms  with  the  oxygen  a  product  that  can  easily  be  removed. 
Thus  when  phosphorus  bums  under  a  bell-jar  standing  over  water  in  the  pneumatic 
trough,  phosphoric  acid  is  produced,  and  is  quickly  absorbed  by  Uie  water,  which  then 
rises  into  the  jar  till  it  fills  about  one-fifth  of  the  space  originally  occupied  by  the  air. 
The  remaining  gas,  after  being  well  shaken  several  times  with  fresh  portions  of 
water  to  remove  the  last  traces  of  phosphoric  acid,  consists  of  nitrogen  contaminated 
only  with  aqueous  vapour  and  a  trace  of  carbonic  anhydride.  When  the  gas  is  required 
quite  pure,  a  better  method  of  obtaining  it  is  to  pass  air  previouslv  freed  from  carbonic 
anhydride  by  caustic  potash  and  from  aqueous  vapour  by  oil  of  vitriol,  overignitedmetallic 
copper ;  the  oxygen  then  enters  into  combination  with  the  copper  and  the  nitrogen,  may 
be  received  in  a  vessel  exhausted  of  air.  Or  air  from  a  gas-holder  may  be  passed 
through  a  large  bottle  filled  with  a  mixture  of  moistened  sawdust  and  precipitated  oxide 
of  iron  which  has  been  converted  into  sulphate  of  iron  by  a  current  of  sulphydric  acid 
gas.  AAer  its  transit  through  this  vessel,  the  air,  deprived  almost  entirely  of  its  oxy- 
gen, should  be  passed  through  a  series  of  four  U-tubes,  the  first  two  containing  solution 
of  pyrogallate  of  potassiums  caustic  potash  to  absorb  the  carbonic  anhydride  ana  residual 
oxygen,  the  last  two  containing  ou  of  vitriol  to  absorb  the  aqueous  vapour.  This 
is  a  very  convenient  method  in  practice,  as  the  sulphide  of  iron  may  be  restored  to 
efficient  activity  an  indefinite  number  of  times  by  passing  sulphydric  add  gas  through 
the  containing  vessel. 

2.  From  Ammonia  and  its  salts. — a.  By  passing  chlorine  through  aqueous  ammonia : 

4NH«  +   Cl»     -     N  +   3NH*Cl. 
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The  Ubented  nitrogen  may  be  freed  from  adhering  ammonia  by  washing  with  snlpburic 
acid.  Care  must  be  taken  to  keep  the  ammonia  in  considerable  excess,  as  otherwise 
the  dangeions  compound,  chloride  of  nitrogen,  m^  be  formed  by  the  action  of  the 
chlorine  on  the  sal-ammoniac  According  to  Anderson  (Ghem.  News,  y.  246),  the 
nitrogen  obtained  by  this  method  is  always  mixed  with  oxygen. 

fi.  Solution  of  nitrite  of  ammonium  when  boiled  splits  up  into  water  and  nitrogen, 
KH«NO«  »  2HK)  +  N».  But  as  this  salt  is  difficult  to  prepare,  it  is  better  to  sub- 
stitate  lor  it  a  miztore  of  sal-ammoniac  and  nitrite  of  potassium :  » 

NHH31  +  KNO«     «     KCl  +  2H»0  +   N. 

This  in  the  easiest  of  all  methods  of  obtaining  pure  nitrogen.  The  solution  of  nitrite  of 
potassium  may  be  prepared  by  passing  nitrous  anhydride,  evolved  from  starch  and 
nitric  acid,  into  solution  of  potash  of  specific  gravity  1*38,  till  it  acquires  a  decided 
acid  reaction,  when  it  is  to  be  neutralised  by  farther  addition  of  the  alkali.  This  solu- 
tion undergoes  no  change  by  keeping,  and  when  required  to  yield  nitrogen,  must  be 
mixed  with  three  times  its  volume  of  a  concentrated  solution  of  sal-ammoniac. 

y.  Nitrate  of  ammonium  heated  in  the  dry  state  with  sal-ammoniac  also  yields 
nitrogen,  together  with  chlorine,  which  may  be  absorbed  by  slaked  lime  or  caustic 
potaui: 

2(NH*)N0«  +  NH^Cl     -    N»  +  a  +  6H=0. 

Nitrogen  may  also  be  obtained  from  nitrate  of  ammonium  [by  dipping  a  piece  of 
metallic  zinc  into  the  fused  salt. 

8.  Or  it  may  be  procured  by  saturating  oil  of  vitriol  with  nitric  oxide  gas,  adding 
sulphate  of  ammonium,  and  heating  to  130^. 

S.  From  Animal  aubstaneea. — Muscle  and  other  animal  substances  gently  heated 
with  dilute  nitric  acid  give  off  nitrogen,  together  with  a  little  nitric  oxide,  which  may 
be  removed  by  passing  the  evolved  gas  through  a  solution  of  ferrous  sulphate. 

Properties. — Nitrogen  is  a  colourless  uncondensable  gas,  of  specific  gravity  0*972 ; 
tasteless,  inodorous,  and  without  action  on  vegetable  colours.  It  is  sparingly  soluble 
in  water,  100  measures  of  which  at  16^  dissolve  only  1|  measures  of  nitrogen.  (See 
Gasbs,  ABSonPFiON  OF,  ii.  795.)  It  is  incombustible,  and  does  not  support  the  com- 
bustion of  ordinary  combustibles  (sulphur,  phosphorus,  carbon,  hydrocarbons,  ice.).  It 
may  be  breathed  for  a  short  time,  but  does  not  support  respiration.  It  is  not  poisonous, 
but  an  animal  immersed  in  it  dies,  simply  for  want  of  oxygen.  Its  function  in  the  at- 
mosphere, as  regards  combustion  and  respiration,  appears  to  be  merely  that  of  a  diluent, 
preventing  the  too  rapid  action  that  would  take  place  in  an  atmosphere  of  unmixed 
oxygen. 

In  the  free  state,  nitrogen  exhibits  for  the  most  part  but  little  chemical  activity. 
The  metals  titanium^  tantaluTn,  tungsten,  and  probably  a  few  others,  combine  with  it 
however,  and  even  bum  in  it,  and  under  certain  circumstances  it  may  be  made  to  unite 
directly  with  hydrogen,  oxygen,  and  carbon.  Thus  when  a  long  series  of  electric  sparks 
is  passed  through  a  mixture  of  oxygen  and  nitrogen  gases  standing  over  a  solution  of 
caostic  alkali,  combination  slowly  takes  place,  and  a  nitrate  of  the  alkali-metal  is  pro- 
duced. Traces  of  nitric  acid  and  nitrate  of  ammonium  also  result  from  burning  hydro- 
fen  gas  mixed  with  nitrogen  in  an  atmosphere  of  air  or  oxygen.  Nitrogen  and 
ydrogen  can  also  unite,  when  one  or  both  the  gases  are  in  the  nascent  state,  to  form 
ammonia  (i.  182).  The  direct  union  of  carbon  with  nitrogen  to  form  cyanogen,  takes 
place  when  nitrogen  gas  or  atmospheric  air  is  passed  over  an  ignited  mixture  of  charcoal 
and  potash  or  baryta.    (See  Gtanidbs,  ii.  198,  239.) 

The  slight  affinity  existing  between  nitrogen  and  other  elements  gives  a  peculiar 
character  to  its  compounds,  many  of  which  are  extremely  prone  to  decomposition,  e.g. 
the  azotised  principles  of  the  animal  and  vegetable  organism.  Many  nitrogen- 
compounds  alao,  especially  those  which  contain  the  oxygenated  radicle  nitrgl,  NO^  are 
highly  explosive. 

Nitrogen  belongs  to  the  pentad  group  of  elements  (iii.  967),  including  also  phospho- 
nu,  arsenic,  antimony  and  bismuth.  It  enters  however  into  combination  with  other  ele- 
ments in  several  proportions ;  thus  there  is  a  complete  series  of  oxides  of  nitrogen,  in 
which  the  ratio  of  the  number  of  nitrogen  atoms  to  that  of  the  oxygen-atoms  ranges 
between  the  limits  2  :  1  and  2:5;  and  Griess  has  shown  that  in  a  variety  of  organic 
bodies,  a  single  atom  of  nitrogen  may  be  substituted  for  1  or  for  3  atoms  of  hydrogen. 
In  ammonia  and  its  numerous  substitution  derivatives,  a  single  atom  of  nitrogen  is  united 
with  8  atoms  of  hydrogen  or  of  radidea  equivalent  thereto ;  in  the  ammonium-salts  and 
their  analogues,  on  the  other  hand,  an  atom  of  nitrp^n  is  united  with  6  atoms  of 
hydrogen  and  other  monatomic  elements,  or  with  eqmvalent  quantities  of  polyatomic 
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Q^  ;  sulphate  of  ammonium,  ^]/ao4\''; 


I  or.    See  BoROK,  Kitbidb  of  (i.  635). 

vnTWOWMMf  BSOMZBB  OF.  NBi*? — Formed  by  decompoBing  chloride  of 
nitrogen^th  aqueous  bromide  of  potassium.  Dense  bladkish-red,  yery  volatile  oil, 
having  an  odour  like  that  of  the  chloride,  and  exploding  violently  by  contact  with 
phosphorus  and  arsenic    (Millon,  Ann.  Ch.  Phys.  bdx.  76,) 

VITUOQMMf  CB&OSZHB  OV.  KCl'  ? — This  highly  explosive  compound  waa 
discovered  by  Dulong  in  1812.  It  may  be  prepared :  1.  dy  filling  a  bottle  carefully 
cleaned  and  freed  from  every  trace  of  greasy  impurity,  with  (mlorine  gas,  and  inverting 
it  over  a  leaden  dish  containing  a  weak  solution  of  some  ammoniacal  salt,  a  solution  of 
1  pt.  sal-ammoniac  in  12  to  15  pts.  water  being  generally  employed.  The  chlorine  is 
then  gradually  absorbed,  while  yellow  oily  drops  of  chloride  of  nitrogen  form  on  the 
surface  of  the  liquid,  and  soon  fkll  to  the  bottom.    The  reaction  is — 

NH«a     +     Cl«     -     4HC1     +     NCI*. 

2.  When  a  small  lump  of  sal-ammoniac  is  suspended  in^an  aqueous  solution  of 
hypochlorous  acid,  the  same  compound  is  deposited,  being  produced  according  to  the 
reaction : 

NH*a     +     3HaO     -     Ha     +     8H«0     +     NC1«. 

This  is  a  better  mode  of  preparation  than  the  former. 

Chloride  of  nitrogen  is  a  thin  yellow  oil  of  specific  eravity  1*653.  It  volatilises 
quickly  in  the  air,  giving  off  a  peculiar  penetrating  ocu>ur,  and  attacking  the  eyes 
strongly.  When  heated  to  nearly  100°,  or  when  treated  with  any  oil  or  fat,  or  with 
turpentine,  phosphorus,  and  many  other  substances,  it  decomposes  with  an  extremely 
violent  though  local  explosion.  A  single  drop  of  it  exploded  on  a  glass  or  porcelain 
dish,  shatters  the  vessel  to  atoms.  By  hydrochloric,  sulphydric,  or  sulphurous  acid,  it 
is  decomposed  without  explosion,  and  these  reactions  afford  the  means  of  analysing  the 
compound.  The  results  of  different  chemists  who  have  examined  it  do  not,  however, 
agree.  Acording  to  Bineau  (Ann.  Ch.  Phys.  [3]  xv.  71)  it  has  the  formula  NCI'; 
according  to  MiUon  (Ann.  Ch.  Phys.  [2]  Ixix.  76),  it  is  N*H«C1»  «  Na".2NH» ; 
according  to  Gladstone  (Chem.  Soc.  Qu.  J.  vii  61),  N«Ha»  =  NC1».NHC1«.  The 
reaction  with  sulphurous  acid  is,  according  to  Bineau*s  formula, 

NC1»  +   3H«S0»  +   8HK)  =  NH^HJSO*  +    2H«S0*  +  8HC1; 
according  to  Gladstone's, 

N«HC1»  +  5H»S0«  +  5HH>  =  2(NH*.H.S0*)  +   8H«S0*  +   5HC1. 
wmtOOn,  0B&0»0PK08VBI»a  or.    NPCl^    See  Phosphobus,  Chlo- 

BOinTRIDB  OF. 

BZTBOOBB,    CB&OBOSVXPBZBB    OV,     NS'Q  or  N'S'.SCP ^When  the 

compound  2NH'.SC1'  (obtained  by  bringing  ammonia-gas  slowly  in  contact  with 
protosulphide  of  chlorine)  is  heated  for  some  hours  to  100°  in  a  glass  tube,  it  is 
converted  into  a  yellow  mixture  of  sal-ammoniac  and  chlorosulphide  of  nitrogen  : 

2(2NH«.Sa«)  =  8NH*a  +  NS«CL 

On  heating  this  mixture,  sal-ammoniac  is  given  off,  and  the  chlorosulphide  of  nitrogen 
is  resolved  into  nitrogen,  sulphur  and  disulphide  of  chlorine — 

2NS«C1  -  N«  +   S«C1»  +   S«. 

The  same  mixture  dissolves  completely  in  water,  and  the  solution,  which  is  yellow  at 
first,  becomes  turbid  after  a  while  and  slowly  deposits  a  brown  powder,  and  is  then  found 
to  contain  sal-ammoniac  and  hyposulphurous  acid,  with  a  trace  of  sulphydric  add.  The 
principal  reaction  may  be  expressed  by  the  equation : 

NS«C1  +   3H«0  «  NH^Cl  +  H*SH>». 

The  brown  powder  appears  to  be  composed  of  7  at.  sulphur,  3  at  hydrogen  and  3  at. 
nitrogen,  with  a  trace  of  chlorine. 

When  carbonic  anhydride  is  passed  through  a  hot  solution  of  sulphide  of  nitrogen 
in  protosulphide  of  chlorine,  a  small  quantity  of  chlorosulphide  of  nitrogen  sublimes 
after  a  while  in  yellow  crystals.  The  compound  thus  prepared  gives  a  blue  colour 
with  ammonia.  (Soubeiran,  Ann.  Ch.  Phys.  Ixvii.  87,  101.  8ee  also  GmdirCt 
Handbook^  ii.  475.) 


NITROGEN :  DETECTION  AND  ESTIMATION.  65 


ICnOV  AVB  BSTZMATZOV  OV.  Seactions. ^The 
properties  of  nitrogen  in  the  free  state  have  been  already  doacribecL  They  are 
essentially  negative.  A  gas  which  does  not  bom  in  the  air  or  support  the  combustion  of 
a  taper,  which  has  neither  an  add  nor  an  alkaline  reaction,  does  not  render  lime-water 
tnrbid,  and  is  not  absorbed  by  caustic  alkalis  or  by  acids,  may  be  pronounced  to  be 
nitrogen.  In  like  manner,  in  examining  a  gaseous  mixture,  aiter  all  the  absorbable 
gases  have  been  removed  by  appropriate  reagents,  hydrogen  and  hydrocarbons  by  ex- 
plosion with  oxygen,  and  oxygen  itself  by  explosion  with  hydrogen,  the  residual  gas  can 
consist  of  nothing  but  nitrogen,  and  its  volume  may  be  determined  by  direct  measure- 
ment (See  Akaltsis  (Volytmbtric)  of  Gasbs,  i.  273, 280, 285 ;  also  Atmosphbbb^  i.  535.) 

The  methods  of  detecting  cmd  estimating  nitrogen  in  liquid  and  solid  compounds  in 
which  it  is  associated  with  carbon  and  hydrogen,  viz.  in  organic  bodies,  have  been 
already  fhlly  described  in  the  article  Analysis,  Oboanio  (i,  225,  239).  The  method  of 
ralcination  with  soda-lime  may  also  be  applied  to  the  aetermination  of  nitrogen  in 
many  inorganic  compounds^  e.y.  the  nitriae  of  boron  (i.  635),  and  oei-tain  metallic 
nitrides. 

Nitride  of  boron  may  also  be  analysed  by  mixing  it  with  a  known  weight  of  pure 
oxide  of  lead,  drenching  the  mixture  with  nitric  acid,  evaporating  it  to  dryness,  and 
calcining  it  in  a  platinum  crucible.  The  excess  of  weight  of  the  residue  over  the 
original  weight  of  the  lead-oxide  gives  the  quantity  of  boric  anhydride  produced  by 
the  oxidation  of  the  boron,  whence  the  amount  of  boron  in  the  compound  may  be  cal- 
culated, and  the  nitrogen  determined  by  difference. 

Nitride  of  phosphorus  may  be  analysed  in  a  similar  manner;  or  by  heating 
it  to  redness  in  a  stream  of  hydrogen,  whereby  the  nitrogen  is  converted  into  ammonia, 
which  may  be  condensed  in  hydrochloric  acid,  and  estimated  as  platinum-salt. 

Sulphide  of  nitrogen  is  analysed  by  oxidising  the  sulphur  with  nitric  add,  or 
with  hydrochloric  acid  and  chlorate  of  potassium ;  or  bv  dissolving  the  compound  in 
dilute  potash,  and  oxidising  with  hypochlorite  of  potassium.  The  sulphuric  acid  thus 
formed  is  precipitated  by  a  barium-aalt^  the  quantity  of  sulphur  thence  calculated,  and 
the  nitrogen  determined  by  difference. 

The  compounds  of  nitrogen  with  chlorine,  bromine,  and  iodine,  may  be  analysed 
by  decomposing  them  with  hydrochloric,  sulphydric  or  sulphurous  add,  and  determining 
the  quantities  of  ammonia,  and  of  hydrochloric  add,  &c,  thereby  produced  (see  iii. 
281.  and  iv.  64). 

The  nitiogen  in  metallic  nitrides  may,  in  most  cases,  be  accurately  determined 
by  i^ting  the  compound,  reduced  to  very  fine  powder,  with  oxide  of  copper  in  a  com- 
bus^n-tube.  The  metal  is  thereby  oxidised,  and  the  nitrogen  is  given  off  as  gas,  which 
may  be  collected  and  measured.  It  does  not  appear  that  any  oxides  of  nitrogen  are 
formed  during  the  combustion.  If  the  compound  also  contains  hydrosen,  that  element 
will  be  converted  into  water,  which  may  be  condensed  in  a  chloride  of  calcium  tube,  as 
in  organic  analysis.  In  some  cases  exact  results  may  be  obtained  b^  igniting  the 
nitride  in  a  current  of  air  or  oxygen — ^whereby  the  metal  is  oxidised,  while  the  nitrogen 
escapes — weighing  the  resulting  oxide,  thence  determining  the  amount  of  metal,  and  the 
nitrogen  by  difference. 

Another  method  of  decomposing  metallic  nitrides  is  to  ignite  them  in  a  state  of 
extremely  fine  division  in  a  stream  of  hydrogen  gas.  The  nitrogen  ia  then  converted 
into  ammonia,  which  may  be  condensed  in  hydrocidoric  acid,  while  the  metal  remains 
in  the  free  stata  If  an  oxide  is  likewise  present^  water  will  be  formed;  and  if  it  be 
condensed  by  chloride  of  calcium  or  hydrate  of  potassium  and  weighed,  its  weight  will 
give  by  calculation  the  quantity  of  oxide  present  in  the  metallic  compound.  There  are 
a  few  metallic  nitrides  which  are  not  decomposed  by  hydrogen ;  such  is  the  case  with 
nitride  of  chromium. 

The  method  very  frequently  adopted  for  analysing  metallic  nitrides  is  to  fuse  them 
in  the  state  of  fine  powder  with  hydrate  of  potassium  or  soda-lime,  whereby  the 
nitrogen  is  converted  into  ammonia.  Some  mtrides,  however,  are  not  completely 
decomposed  bv  this  treatment,  and  nitride  of  chromium  resists  it  altogether.  Whether 
the  decomposition  of  these  mtrides  would  be  assisted  by  addition  of  sugar,  as  in  the 
analysis  of  certain  organic  nitrogen-compounds  (i.  246),  is  a  point  which  does  not 
appear  to  have  been  ascertained  by  experiment. 

The  quantity  of  metal  in  the  more  refractory  metallic  nitrideis  may  be  determined  by 
ftasing  the  compound  with  a  mixture  of  alkaline  carbonate  and  nitrate,  whereby  the 
nitrate  is  oxidised.  These  compounds  may  also  be  oxidised  by  digestion  in  a  strong 
solution  of  an  alkaline  hypochlorite,  the  nitrogen  being  at  the  same  time  given  off  as  eas. 

Lastly,  these  more  refractory  nitrides  may  be  analvsed  by  fusion  with  acid  sidphate 
of  potassium.  This  method  has  been  applied  by  Wohler  to  the  analysis  of  the  crystals 
of  nitrocyanide  of  titanium  found  in  iron  smelting  furnaces  (ii  273).  The  crystals, 
reduced  to  fine  powder,  were  di^K>lved  by  fusion  in  the  previously  melted  salt 
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contained  in  a  small  retort;  the  evolved  gascn,  oomristing  of  nitrogen,  carbonic  anhydride 
(from  the  cyanogen)  and  sulphoions  anhydride,  were  passed  through  a  tube  containing 
lumps  of  potash,  to  absorb  the  last  two  gases ;  and  the  nitrogen  was  collected  and 
measured  (see  Hose's  CMmie  Anali/tiquef  ii.  1081). 

It  is  often  of  importance  to  detect  and  estimate  the  presence  of  very  small  quantities 
of  nitrogen  in  metals,  inasmuch  as  the  peculiar  properties  of  certain  metals  prepared 
by  particular  processes,  are  sometimes  attributed  to  the  presence  of  these  minute 
quantities  of  nitrogen.  Thus  the  difference  in  quality  of  various  kinds  of  steel  has 
been  partly  attributed,  by  Fr^my  and  others,  to  the  greater  or  smaller  quantities  of 
nitrogen  contained  in  them.  On  the  other  hand,  a  series  of  ezpeiiments  recently 
made  by  Messrs.  Stuart  and  Baker  (Chem.  Soc.  J.  xvii.  390),  in  which  different 
kinds  of  steel  in  a  state  of  ver^  minute  division  were  ignited  in  hydrogen  gas,  have 
shown  that  when  proper  precautions  were  taken  to  prevent  access  of  nitrogen  from  the 
air  or  other  extr^eous  sources,  the  quantify  of  ammonia  formed  is  almost  impercep- 
tible ;  hence  they  consider  it  probable  that  the  small  quantities  of  nitrogen  found  in 
steel  by  other  observers  may  have  been  due  to  errors  of  experiment^  and  at  all  events 
that  the  existence  of  nitrogen  in  steel  cannot  be  regarded  as  proved.  Fr  6my,  however, 
does  not  consider  the  method  of  ignition  in  hydrogen  as  well  adapted  for  the  precise 
determination  of  the  quantity  of  nitrogen  contained  in  steel,  but  is  of  opinion  that  the 
only  method  capable  of  yielding  trustworthy  results  is  the  direct  oxidation  of  the  steel 
by  combustion,  as  in  organic  analysis,  and  the  determination  of  the  nitrogen  by 
measurement.    (PelouzeetFr^my,  TraiU,  3me.  Ed  iiL  412.) 

The  oxides  of  nitrogen  are  analysed  either  by  exploding  them  with  hydrogen 
(i.  285),  or  by  passing  them  over  red-hot  copper,  which  removes  the  oxygen  and  leaves 
the  nitroffen.  When  carbon  and  hydrogen  are  likewise  present,  as  in  oiganic  oom> 
pounds,  Uie  substance  must  be  burnt  with  oxide  of  copper,  and  the  evolved  gases  passed 
over  red-hot  metallic  copper  (i.  242). 

The  methods  especially  adieipted  for  the  analysis  of  nitrates  and  nitrites  will  be 
described  further  on  (pp.  71|  84). 

Atomic  Weight  of  Nitrogen. — The  weights  of  e<^ual  volumes  of  hydrogen  and 
nitrogen  at  the  same  pressure  and  temperature  are,  according  to  Kegnault's  experiments, 
as  1  :  14*06  ;  hence,  on  the  assumption  that  equal  volumes  of  elementary  gases  contain 
equal  numbers  of  atoms,  the  atomic  weight  of  nitrogen  should  be  14*06. 

Svanberg  (Berz.  Jahresb.  xxii.  39),  by  the  analysis  of  nitrate  of  lead,  obtained  for 
nitrogen  the  number  13'95  ;  Fenny  (Phil.  Trans,  cxxix.  13),  from  the  analysis  of 
nitrate  of  sodium,  found  N  =  14*02. 

The  experiments  of  Pelouze  (Compt  rend.  xx.  1047)  and  Marignac  ^Ann.  Gh. 
Pharm.  lix.  289),  on  the  quantity  of  chloride  of  ammonium  required  to  precipitate  1  pt. 
of  silver  from  its  solution  in  nitric  acid,  give — if  Ag  «  108,  and  01  lo  35*6 — ^as  a  mean 
result^  N  »  1399;  and  if  Ag  »  107'98,  01  »  35*46,  then  N  «-  14*01.— Marignac  has 
further  determined  the  weight  of  nitrate  of  silver  produced  by  treating  a  known  weight 
of  metallic  silver  with  nitric  add.  100  pts.  silver  gave,  as  a  mean  of  five  experiments, 
157-2  pts.  nitrate:  hence  (for  Ag  »  108)  N  »  14.  Stas  (Ann.  Oh.  Pharm.  Suppl. 
i.  62)  by  the  same  method  found  N  «  14041. — Lastly,  Marignac  finds  that  100  pts. 
chloride  of  potassium  require  for  complete  decomposition,  on  the  average,  227*9  pts. 
nitrate  of  silver  (max.  22809 ;  min.  »  227*81),  whence  if  Ag  «-  107'98,  01  »  36*46 
and  E  »  3911,  we  find  N  »  1403. 

These  several  results  differ  about  equally  in  excess  and  defect  ftom  the  whole  num- 
ber 14,  which  is  accordingly  received  as  the  true  atomic  weight  of  nitrogen. 

VZTROaBir,  XOBZBB  OF.    See  Iodamides  (iii.  280). 

WZTROasw,  oaUBSS  AVB  OXTOBir.A.CIB8  or.  Nitrogen  forms  a 
very  complete  series  of  oxides,  as  represented  in  the  following  table : 

Protoxide  or  Nitrous  oxide N*0 

Dioxide  or  Nitric  oxide N«0»orNO 

Trioxide  or  Nitrous  anhydride NW 

Tetroxide  or  Nitric  peroxide N«0*  or  N0« 

Pentoxide  or  Nitric  anhydride N*0*. 

All  these  compounds  may  be  produced  directly  or  indirectly  from  nitric  acid  and  re- 
converted into  it  The  three  higher  oxides  are  decomposed  by  water,  yielding  the 
corresponding  acids ;  thus : 

N«0«  +  H«0     «     2HN0» 

Nitrous  acid. 

N*0«  +  H«0     =     HN0«  +  HN0« 

Nitrous  add.  Nitric  acid. 

N'O*    +    H«0      «      2HN0» 

Nitric  acid. 
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Frotoxidb  of  NirfiOGBN  or  Nithous  Oxidb.    NK). 

This  compound,  vhich  is  gaseoiis  at  ordinaiy  temperatures,  was  discovered  by 
Priestley  in  1776,  and  minutely  examined  by  Dayy  in  1800,  who  first  noticed  the 
lively  stimulating  effects  produced  by  its  inhalation,  whence  its  popular  name  of 
Lawfking  gas. 

Formation  and  Preparation, — 1.  By  gently  heating  nitrate  of  ammonium  in  a  flask 
or  retort  to  a  temperature  not  exceeding  250^.  The  salt  puts  on  the  appearance  of 
ebullition,  and  is  entirely  resolved  into  water  and  nitrous  oxide : 

(NH*)NO«     -     N»0   +  2H«0. 

The  sas  may  be  collected  over  brinei,  warm  water,  or  mereury.  If  the  temperature  of 
the  rased  salt  is  allowed  to  rise  too  high,  a  more  complex  decompositLon  ensues, 
attended  vith  the  evolution  of  white  fumes  of  nitrate  and  nitrite  of  ammonium,  and  of 
lutngen,  nitric  oxide  and  ammoniacal  gases.  Moreover  this  decomposition  is  some- 
times attended  with  explosicm.  If  the  gas  is  to  be  used  for  inhalation,  great  care  must 
be  taken  to  ensure  that  the  nitrate  of  ammonium  used  is  firee  firom  sal-ammoniac, 
otherwise  the  product  will  be  contaminated  vrith  chlorine. 

^  2.  When  granulated  one  is  acted  upon  by  nitric  acid  diluted  with  eight  or  ten 
times  its  volume  of  water,  vezy  pure  nitrous  oxide  gas  is  slowly  evolved : 

lOHNO*  +  Zn«     «     8ZnN0»  +   6H«0  +  NK). 

3.  Nitrons  oxide  may  also  be  obtained  by  decomposing  nitric  add  or  a  nitrate  with 
a  solution  of  stannous  chloride  in  hydrochloric  acid ;  by  acting  upon  sal-ammoniac 
with  nitric  acid  of  specific  gravity  1*2  ;  by  slowly  passing  nitric  oxide  gas  through  a 
solution  of  sulphurous  acid  or  an  add  sulphite ;  by  decomposing  nitrosulphate  of  am- 
monium ;  and  by  many  other  reactions ;  but  when  requii^  in  quantity,  it  is  always 
prepared  from  nitrate  of  ammonium. 

Properties, — ^Nitrous  oxide  is  at  ordinary  temperatures  a  colourless,  feebly  refrangi- 
ble gas^  of  specific  gravity  1*496  f  »  — ^ — ~ x  0*0698  j.  It  has  a  fiiint  agreeable 

odour  and  sweetish  taste.  When  respired  for  four  or  five  minutes,  it  produces  a  lively 
intoxication,  often  attended  with  a  disposition  to  muscular  exertion  and  violent 
laughter.  Animals  immersed  in  it  become  restless  and  die  after  some  time.  It  is 
somewhat  soluble  in  waierf  100  pts.  of  which  absorb  130  volumes  of  the  gas  at  0^, 
78  vol.  at  16^,  and  61  vol  at  24^.  (See  Gasbs,  Absobftion  of,  iu  796,)  It  also 
dissolves  in  ether  and  in  the  fixed  and  wlatile  die.  Neither  the  gas  nor  any  of  its 
solutions  has  any  action  upon  vegetable  colours. 

Nitxous  oxide  may  be  reduced  to  the  liquid  and  to  the  solid  state.  The  liquid  is 
obtained  by  heating  perfectly  dry  nitrate  of  ammonium  at  the  end  of  a  bent  glass  tube 
hermetically  sealed,  till  the  whole  has  distilled  over  to  the  cold  end;  then  this  end 
is  heated,  and  so  on  two  or  three  times  till  the  greater  part  of  the  salt  is  decomposed. 
In  the  cooler  end,  two  strata  of  liquid  condense,  the  lower  of  which  is  water  containing 
nitzous  add  and  nitrous  oxide  in  solution,  the  upper  liquid  nitrous  oxide.  The 
apparatus  is  veiy  liable  to  burst  with  extreme  violence,  so  that  the  greatest  caution  is 
required  in  using  it  (Faraday).  The  liquid  compound  may  also  be  obtained  by 
mechaniral  oompresdon  of  the  gas.     (Natterer,  Pogg.  Ann.  xii.  182.) 

Liquid  nitrous  oxide  is  colourless  and  very  mobile.  Its  spedfic  gravity  at  7^t  uid 
under  a  pressure  of  50  atmospheres,  was  found  to  be  0-908.  It  bous  at  about  —  88?. 
A  sii^le  drop  of  it  placed  upon  the  hand  produces  a  wound  like  a  bum.  Metals  dipped 
into  it  make  a  hissing  noise,  like  that  produced  by  quenching  red-hot  iron  in  water. 
Potassium,  charcoal,  sulphur,  phosphorus,  and  iodine  fioat  on  its  surface  without 
alteration.  Ignited  charcoal  bums  on  its  surfiice  with  a  vivid  light  It  is  misdble  with 
ether  and  alcohoL  Sulphuric  and  nitric  add  are  immediately  frozen  by  it  Water 
also  freezes,  but  at  the  same  time  causes  the  liquid  nitrous  oxide  to  evaporate  with  a 
degree  of  rapidity  almost  amounting  to  explodon.  According  to  Faraday,  nitrous  oxide 
is  the  least  refractive  of  all  liquids. 

By  expodnff  liquid  nitrous  oxide  to  the  cold  produced  by  a  bath  of  solid  carbonic 
anhydride  and  ether  (  — 100^  C.  or  —  150°F.),  the  compound  is  reduced  to  the  solid  state. 
Again,  when  liquid  nitrous  oxide  is  allowed  to  escape  into  the  air,  by  opening  the  stop- 
cock of  the  vessel  in  which  it  has  been  condensed,  the  first  portion  which  escapes  is 
reduced  to  the  solid  state.  Solid  nitrous  oxide  is  a  white  snowy  mass  which,  when 
placed  upon  the  hand,  melts,  evaporates  suddenly,  and  produces  a  blister  like  a  bum. 
JCxed  in  vacuo  with  sulphide  of  carbon,  it  depresses  the  thermometer  to  — 140^  C.  or 
->240<»F.    (Natterer.) 

Deeompo9iHona,^i.  Nitrous  oxide  gas  is  resolved  into  its  elements  by  a  series  of 
electric  sparks,  or  by  transmission  through  a  red-hot  tube,  2  voL  of  the  gas  yielding 
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1  Tol.  oxygen  and  2  toL  nitrogen.  A  coil  of  iron  rendered  incandescent  by  the  elecixic 
current  also  decomposes  it,  with  formation  of  ferric  oxide,  and  liberation  of  a  volume  of 
nitrogen  equal  to  that  of  the  original  gas.  A  similar  effect  is  produced  by  the  electric 
arc  issuing  from  an  iron  point  An  incandescent  platinum  coil  produces  a  more  com- 
plex decomposition,  attended  with  formation  of  red  yapours.  (Buff  and  Hofmann, 
Chem.  Soc.  J.  x.  279.) 

2.  Nitrous  oxide  forms  explosive  mixtures  with  many  inflammable  gases.  When 
exploded  with  its  own  volume  of  hydrogen^  it  yields  water  and  a  volume  of  nitzogen 
equal  to  that  of  the  original  gas. 

N*0   +  H«    =     H«0  +  N« 

t  S  TOl.        S  TOl.  S  vol. 

3.  Nitrous  oxide  acts,  like  oxygen,  as  a  supporter  of  combustion,  but  is  distinguished 
from  that  gas  by  not  forming  red  vapours  when  mixed  with  nitric  oxide.  A  bright- 
glowing  match  introduced  into  nitrous  oxide,  bursts  into  flame  and  bums  with  a 
brilliancy  almost  equal  to  that  which  it  exhibits  in  oxygen.  Ignited  carbon  and  its 
compounds  inflame  very  readily  in  nitrous  oxide  gas;  but  other  combustibles, 
phosphorus  and  sulphur  for  example,  require  to  be  very  strongly  heated  in  order  to 
bum ;  the  combustion,  however,  when  once  established,  takes  place  with  great 
brilliancy.  Sodium  heated  in  nitrous  oxide  takes  fire  and  leaves  a  volume  of  nitrogen 
equal  to  that  of  the  original  gas.  Iron^  fine,  and  other  metals,  in  a  state  of  ignition, 
also  continue  to  bum  in  nitrous  oxide. 

Dioxide  op  Nitboobn  or  Nitbic  Ozidb,  NO  or  N*0*. 

Synon3rme8.  Binoxide  of  Nitrogen,  Deutoxide  of  Nitrogen,  Nitrosgl,  Azotyl. 
Nitrous  gas.  Nitrous  air,  Salpetergas.  Gas  nitrosum, — This  gas,  which  was  fint 
investigated  if  not  discovered  by  Priestley,  may  be  prepared : 

1.  By  acting  on  copper  clippings  or  borings  with  nitric  acid  of  specific  gravity  1*2, 
made  by  diluting  the  strong  acid  with  about  twice  its  bulk  of  water.  Nitrate  of  copper 
18  then  formed,  and  nitric  oxide  evolved : 

4HN0"  +   Ctt»     -     3CuN0»  +   2H«0   +  NO. 

The  reaction,  if  it  does  not  take  place  at  once,  may  be  set  up  by  the  application  of  a  gentle 
heat ;  but  the  lower  the  temperature  the  purer  is  the  resulting  gas.  When  strong  nitric 
acid  is  used,  or  the  temperature  rises  high,  the  nitric  acid  is  contaminated  with  free 
nitrogen.  Other  metals,  lead,  mercury,  silver,  and  bismuth,  for  example,  may  be  sub- 
stituted for  copper  in  the  above  reaction,  but  with  them  a  strong  acid  or  a  higher 
temperature  is  required. 

2.  By  decomposing  nitrate  of  potassium  or  sodium  with  a  solution  of  ferrous 
chloride  in  hydrochloric  add,  or  of  ferrous  sulphate  in  dilute  sulphuric  add : 

6Fe«S0*  +   5WS0*  +   2KN0»     -     3Fe\S0*)«  +   2HKS0*  +  4H»0   +   2N0. 

This  process  yields  the  gas  abundantly  and  in  a  puro  state. 

3.  Nitric  oxide,  more  or  less  pure,  is  produced  by  many  other  reductions  of  nitrous 
or  nitric  acid ;  also  by  the  oxidation  of  ammonia,  as  when  that  gas  is  passed  over  heated 
oxide  of  manganese. 

Properties  and  Beactions. — Nitric  oxide  is  a  colourless  uneondensable  gas  of  specific 

gravity  1-0395  (= x  0*0693].     It  is  very  sparingly  soluble  in  toaier. 

According  to  Henry,  1  vol.  water  at  mean  temperature  absorbs  ^  of  its  volume  of  the 
gas.     According  to  Bunsen,  100  voL  alcohol  at  15°  absorb  27*4  vol.  of  the  gas. 

Nitric  oxide  combines  directly  with  firee  oxygen^  producing  deep  orange-coloured 
fumes  of  variable  composition,  but  consisting  in  great  part  of  nitric  peroxide.  These 
red  vapours  dissolve  in  water,  forming  an  acid  solution,  but  nitric  oxide  itself  is 
pprfectly  neutral  to  vegetable  colours.  From  the  characteristic  nature  of  this  reaction, 
nitric  oxide  may  be  advantageously  employed  to  detect  the  presence  of  free  oxygen  in 
a  gaseous  mixture.    It  is  necessary  to  observe,  however,  that  chlorine,  in  presence  of  i 

water,  produces  the  same  effect  with  nitric   oxide,  inasmuch  as  it  decomposes  the  j 

water  and  sets  oxygen  free.      This  reaction  was  in  fact  one  of  those  which  were  ' 

formerly  adduced  in  favour  of  the  theory  which  regarded  chlorine  as  a  compound  gas  * 

containing  oxygen.  Nitric  oxide  was  formerly  used,  especially  by  Priestley  and 
Cavendish,  to  estimate  the  proportion  of  oxygen  in  the  air  or  other  gaseous  mixture,  but 
the  method  is  not  capable  of  yielding  exact  results,  on  account  of  the  difficulty  of 
obtaining  nitric  oxide  perfectly  pure,  and  it  has  long  since  been  superseded  by  more 
trustworthy  methods.  In  consequence  of  the  rapid  conversion  of  nitric  oxide  into  acid 
products  when  it  comes  in  contact  with  the  air,  its  actual  taste,  smell,  and  respirability 
have  not  been  ascertained.  i 
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Nitric  oxide  is  a1>sorb6d  freely  by  nitric  acid,  with  probable  conversion  into  nitric 
peroxide,  and  formation  of  a  deep  brown,  green,  or  bine  liquid,  according  to  the  con- 
centration of  the  add.  It  is  likewise  absorbed  hyferroits  saltSy  producing  a  deep 
bn>wn,  almost  black  coloration.  The  brown  liquid  thus  formed  contains  2  atoms  of 
iron  (at.  w,  a  56)  to  each  molecule  of  nitric  oxide,  the  formula  of  the  compound  being 
2Ffe''S0*.N0.  It  gives  up  nearly  the  whole  of  the  absorbed  giu  when  heated,  but 
becomes  rapidly  oxidised  on  exposure  to  the  air.  This  compound  is  also  formed  when 
nitric  or  nitrous  acid  is  added  to  the  solution  of  a  ferrous  siut,  and  affords  one  of  the 
most  delicate  tests  for  those  acids  (pp.  71,  82).  Nitric  oxide  forms  precisely  similar 
compounds  with  ehromous  salts;  it  is  likewise  absorbed  by  stannous  and  Tuercurous 
salts,  and  forms  ciystaUine  compounds  with  stannic  chloride^  and  with  sulphuric 
acid  or  an^dride. 

Jkeompositions, — I.  Nitric  oxide  is  a  very  stable  compound,  and  if  perfectly  dry,  is 
not  decomposed  by  a  red  heat,  or  by  ordinary  electric  sparks.  Buff  and  Hofmann 
found,  however,  that  it  was  slowly  decomposed  by  the  spark  current  of  the  induction 
coil.  Moist  nitric  oxide  is  more  easily  decomposed  by  a  succession  of  electric  sparks 
into  nitrogen  and  nitric  add. — 2.  By  moist  iron  filings,  sine  fiUnas,  sduUe  sulpnides, 
add  sulpkiteSf  stannous  chloride,  and  other  reducing  agents,  it  is  slowly  converted  into 
nitious  oxide,  frequently  accompanied  by  ammonia. — 3.  Nitric  oxide  is  completely  con- 
verted into  ammonia  when  mixed  with  excess  of  svlphydrie  acid,  and  transmitted  over 
quicklime. — 4.  A  mixture  of  moist  iron  filings  and  sulphur  also  reduces  nitric  oxide 
xery  completely,  but  chiefly  to  free  nitrogen.— 5.  Ordinary  combustibles  do  not  bum 
in  nitric  oxide,  but  phosphorus  and  carbon,  when  introduced  in  full  combustion,  bum  in 
the  gas  with  great  brilliancy. — 6.  With  an  equal  volume  of  hydrogen,  it  forms  a  mixture 
whidi  does  not  explode  on  the  approach  of  a  burning  body,  but  bums  quietly  with  a 
greenish  flame. — 7.  Four  volumes  of  nitric  oxide  passed  over  red-hot  charcoal  are  con- 
verted into  2  voL  nitrogen  and  2  vol.  carbonic  anhydride :  N*0'  +  C  =  N*  +  CO*. — 
8.  Sulphur  does  not  bum  in  nitric  oxide,  but  a  mixture  of  the  vapour  of  sulphide  of 
carbon  and  nitric  oxide  gas  inflames  readily,  producing  a  bright  greenish  flash  of 
lip;ht. — 9.  Bed-hot  iron  decomposes  nitric  oxide,  with  liberation  of  half  its  volume  of 
nitrogen.  With  a  coil  of  iron  wire  rendered  incandescent  by  the  electric  current,  the 
dflcompoeition  is  easily  and  completely  effected  (Buff  and  Hofmann).  Potassium 
and  sodium  effect  similar  decompositions  when  heated  suffidently  to  bum  in  the 
gas. 

Nitric  oxide  enters  into  several  compoimds  as  a  monatomic  radide  (nitrosyl),  replac- 
ing hvdzogen  atom  for  atom,  as  in  the  nitrites^  the  general  formula  of  whidi  is 

M    (^'    '^  ^^'^  ^^^  ^^^  ™^^  ^^'^  ^  chlorous  rather  than  a  basylous  character, 

nevertheless  it  ia  sometimes  capable  of  repladng  basylous  hydrogen,  as  in  chloride  of 
nitiosyl,  NOCl,  and  sulphate  of  nitrosyl,  H(NO)SO*.  In  nitrous  ether,  C*H*(NO)0,  the 
m'trosyl  may  also  be  regarded  as  occupying  the  place  of  the  basylous  hydrogen-atom  of 
alcohol,  C"H*.H.O.  According  to  Weltzien,  nitric  oxide  is  sometimes  diequivalent  or 
capable  of  displadng  two  atoms  of  hydrogen,  a  view  which  is  in  accordance  with  the 
fact  that  it  forms  a  mchloride,  N0(^^  as  wdl  as  a  protochloride.    (See  Nitbosyl.) 

Nitrous  Anhtbbidb,  Acm,  and  Saxts. 

SttrMUi  aabydrlile  or  Trtozi4e  of  nltroflrea  «  N*0^ — mtroiis  add  — 

IPO.N'O*  or  HNO*.  Nitrous  anhydride  is  formed,  together  with  nitric  peroxide,  when 
nitric  oxide  comes  in  contact  with  oxygen  in  atmospheric  air.  It  may  be  obtained  pure 
by  mixing  2  vol.  nitric  oxide  with  1  voL  of  oxygen  in  a  vessel  surrounded  by  a  freezing 
mixture  capable  of  produdng  an  intense  degree  of  cold.  A  blue  liquid  is  then  formed 
which  emits  red  fumes,  and  is  decomposed  by  water,  yielding  nitric  acid  and  nitric  oxide : 

3NH)»  +  2H«0     -     2HN0*  +   4N0  +  H«0. 

The  same  liquid  is  more  easily  obtained  by  heating  1  pt  of  starch  with  8  pts.  of  nitric 
add  of  speciflc  gravity  1*25,  and  passing  the  evolved  gases,  first  through  a  drying 
tube  two  feet  long  containing  frtsed  chloride  of  caldum,  and  then  into  an  empty  tube 
cooled  to  -  20^  F.  (  —  93*6^  C.)  by  immersion  in  a  mixture  of  pounded  ice  and  crystal- 
lised chloride  of  caldum. 

Nitrous  anhydride  (or  perhaps  the  add)  may  also  be  prepared  by  adding  a  small 
quantiW  of  ice-cold  water  to  liquid  nitric  peroxide  surrounded  by  a  freezing  mixture. 
After  the  reaction  of  the  two  has  taken  place,  distillation  may  be  effected  at  a  low 
temperature,  and  the  product  condensed  in  a  U-tube  immersed  in  salt  and  ice. 

At  0^  and  at  lower  temperatures,  nitrous  anhydride  combines  readily  with  water, 
forming  a  blue  solution ;  but  at  higher  temperatures  the  mixture  is  decomposed,  nitric 
oxide  being  given  off,  and  nitric  add  remaining  in  solution.    The  same  decomposition 
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takes  place  when  nitrons  acid  U  set  free  by  the  action  of  snlphnric  acid  on  a  nitiite. 
Ice-cold  acidified  aolntions  of  nitrites  however,  that  of  potassinm-nitrite  with  snlphniie 
acid,  for  instance,  seem  to  contain  nndeoomposed  nitions  acid.  Nitrons  aad  (or 
perhaps  only  the  moist  anhydride)  is  likewise  obtained  by  the  action  of  nitric  add  at  a 
gentle  heat  on  arsenions  anhydride : 

As«0«  +  3H«0  +  2HN0«  -  2H»AsO*  +   2HN0*  (or  H*O.NW). 

Deep-brown  vapours  are  then  given  off,  which  when  passed  over  chloride  of  calciam, 
give  up  their  water  and  leave  nitrons  anhydride.  Similar  vaponrs  are  given  off  when 
starch  is  treated  with  a  large  excess  of  nitric  add,  of  specific  gravity  1'25  ;  but  the 
process  is  attended  with  considerable  frothing,  and  occasionally,  when  a  stronger  add 
IS  used,  with  explosion. 

Nitrous  add  acts  veiy  readily  both  as  an  oxidising  and  as  a  redudng  agent  Thus 
it  reduces  permanganic  and  chromic  adds  to  the  state  of  manganous  and  diromie 
salts,  and  mercnrous  and  auric  salts  even  to  the  metallic  state.  On  the  other  hand,  it 
bleaches  indigo  by  oxidation,  liberates  iodine  from  iodide  of  potasnum,  and  converts 
frnous  into  ferric  salts,  with  production  of  nitric  oxide. 

Nitrous  add  decomposes  urea,  with  erolution  of  carbonic  anhydride  and  nitrogen 
gases: 

CH<N«0   +  2HN0'  «  C0«  +  N«  +  2HK). 

When  nitrous  add  or  the  anhydride  acts  upon  a  hydrate,  either  add,  neutral  or  basy- 
Ions,  it  frequently  gives  rise  to  the  formation  of  nitroso-compoundsjin  which  an  atom 
of  hydrogen  is  displaced  by  an  atom  of  nitrosyl,  NO :  thus  with  alcohol,  C*H^H.O,  it 
forms  nitrous  ether,  CH*.NO.O.  Its  reactions  with  amides  and  amines  are  particularly 
remarkable,  and  differ  according  as  the  amide  or  amine  is  present  in  aqueous  or  in 
alcoholic  solution : 

a.  An  aqueous  solution  of  an  amine  or  amide  treated  with  nitrous  add  or  anhydride, 
yields  the  corresponding  acid  or  alcohol,  with  evolution  of  nitrogen :  thus 

C^K).BP.N  +  HNO»  -  C^H).H.O  +  H*0  +  N« 
Bensamlde.  Beoioic  add. 

0»H».H«.N  +  HNO«  -    C«H».H.O    +  H»0  +  N«. 

PbenjUmlne.  Phenylic  alcohol. 

With  laig^  proportion  of  nitrous  add,  amines  yield  the  corresponding  nitrous  ethers : 
thus 

iD«H».H«.N  +  2HN0»  -  C«H»NO«  +   2H«0  +  N^. 

Echjrlainlne.  Nltrita  of  ethyl. 

b.  When  nitrous  add  or  anhydride  is  passed  into  an  alcoholic  solution  of  an  amine 
or  amide,  a  different  or  intermediate  reaction  takes  place,  attended  with  the  formation 
of  compounds  in  which  1  at.  nitrogen  displaces  3  at.  hydrogen.  Thus  the  double 
molecule  of  phenylamine  reacts  with  nitrous  add  or  anhydride  according  to  the  following 
equation : 

C»«H"N«  +    HNO«  -  C"H»'N»  +  2HK). 

In  like  manner,  a  double  molecule  of  oxybenzamic  add,  C'H'NO*,  treated  with 
nitrous  add,  yields  an  add  having  the  composition  C'*H"N'0*: 

C»*H"NK)*  +  HNO«  »  C>*H"N*0*  +   2H«0; 
and  similarly  for  .other  cases.     (See  Phbiitlaiiimes^  Oxt-anisamio,  OxT-BimAiac, 

OZT-CVMBKAMIC  Sjpd  OxTTOLXTTUlMIC  AciD&  ) 

Trioxide  of  nitipgen  unites  with  the  tetrachlorides  of  tin  and  titanium,  forming  solid 
compounds  which  are  obtained  bv  passing  the  vapour  of  nitric  peroxide  into  those 
chlorides.  The  stannic  compound  has  the  composition  8nCl*.NH>*.  (B.  Weber,  Fogg. 
Ann.  cxviii.  471 ;  Jahresb.  1863,  p.  165.) 

WltHtes.  The  normal  nitrites  have  the  composition  M'NO*  «^'  1 0  or  M"N«0* 
~  /|^Q\s[  0*,  according  as  the  metal  contained  in  them  is  mono-  or  di-atomic.    There 

are  also  nitrites  containing  M«NO«  -  ^ 1 0»  or  ft«N«0«  -(^)«|o*,  in  whidi  the 

three  atoms  of  metal  denoted  by  the  symbol  M  may  consist  of  the  same  or  of  different 
metals,  induding  hydrogen :  thus  there  are  bade  nitrites  of  lead  containing  Fp1)'NK)* 
and  Fpb'13N0'.  There  are  also  a  few  nitrites  containing  a  still  larger  proportion 
of  base,  which  may  be  regarded  as  compounds  of  tri-metallic  nitrites  with  03^es  or 
hydrates. 

Nitrites  are  produced :  1.  By  the  reductum  of  ntYrate*.— When  nitnite  of  potassium 
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or  lodiam  is  stxongly  heated,  oxygen  ia  ^¥en  o£^  and  a  mixture  of  nitrate,  nitrite,  and 
free  alkali  is  left ;  similarlj  with  the  nitrates  of  barium,  strontium  and  others.  On 
dissohring  the  fused  mass  thus  obtained  in  water,  and  adding  nitrate  of  silver,  a  pre- 
cipitate of  the  sparinffly  soluble  nitrite  of  silver  is  obtained,  which  may  be  purified  by 
solution  in  water  and  crystallisation ;  and  from  this  salt  the  other  nitrites  may  be 
farmed  by  double  decomposition  with  the  chlorides  of  the  several  metals.  Nitrate  of 
of  lead  boiled  with  metallic  lead,  yields  a  basic  nitrite  of  lead,  thus : 

(NO«)«p    +   ^^^    "   (NO)«p- 

2.  By  decom^XMiion  of  nitric  peroxide  in  presence  of  an  alkaline  base : 

NK)«  +  H«0  =  HNO«  -»    HNO«. 

When  the  red  vapours,  chiefly  consisting  of  pernitric  oxide,  evolved  by  distilling 
fuming  nitric  add,  are  passed  into  a  solution  of  caustic  potash  or  soda,  a  mixture  of 
nitrate  and  nitrite  is  obtained,  firom  which  the  nitrous  acid  maybe  precipitated  in  the 
form  of  a  silver^salt^  as  above.  The  same  reaction  takes  place  when  the  vapours 
evolved  on  heating  starch  or  arsenious  add  with  dilute  nitric  add  are  passed  into  solu- 
tion of  caustic  alkali ;  in  this  case,  however,  the  vapours  contain  a  considerable  quantity 
of  nitrous  add  or  anhydride,  so  that  a  larger  proportion  of  nitrite  is  obtained. 

3.  By  oxidation  of  the  lower  oxides  of  nitrogen  in  presence  of  bases. — ^Nitrite  of 
potasadnm  is  formed  when  oxygen  gas  is  gradually  added  to  nitric  oxide  standing  over 
caustic  potash  solution,  or  when  a  mixture  of  1  voL  oxygen  and  4  voL  nitric  oxide  is 
passed  through  the  same  liquid.  Nitrites  are  also  produced  by  passing  nitric  oxide 
over  metallic  peroxides. 

4.  By  oxidation  of  Ammonia, — Platinum-black  quickly  converts  a  mixture  of 
ammonm  and  atmospheric  air  into  nitrite  of  ammonium.  A  coil  of  heated  platinum- 
wire  introduced  into  a  flask  of  air  to  which  a  few  drops  of  strong  ammonia  have  been 
added,  also  produces  an  instantaneous  doud  of  nitrite  of  ammonium.  Again,  when 
finely  divided  copper  is  shaken  up  with  moist  ammoniacal  air,  both  the  copper  and  the 
ammonia  are  rapidly  oxidised  and  nitrite  of  copper  is  formed.  Nitrites  are  frequently 
found  in  the  weU-water  of  towns,  the  nitrous  aad  being  probably  formed  in  this  case 
also  by  oxidation  of  ammonia. 

Reactions  of  Nitrites, — ^Nitrites  are  colourless  or  sliehtly  yellow,  and  for  the  most 
part  caystallisable.  The  solutions  of  the  potassium-  and  sodium-salts  have  an  alkaline 
reaction  (H.  Bose).  Nitrites  melt  when  moderately  heated  and  solidify  unchanged 
on  cooling;  but  when  strongly  heated  they  are  decomposed,  giving  off  nitrogen  and 
os^gen  gases.  They  detonate  sharply  when  heated  with  combustible  bodies.  The 
normal  nitrites  (MNO*)  are  aU  soluble  in  water,  the  lead-  and  silver-salts  however  are 
sparingly  soluble,  so  that  the  solutions  of  the  more  soluble  nitrites  give  predpitates 
with  lead-  and  silver-salts.  Heated  solutions  of  nitrites  exposed  to  the  air,  absorb 
oxygen  and  are  converted  into  nitrates.  When  boiled  for  a  Ipng  time  in  a  flask  or 
retort,  they  are  decomposed,  yielding  a  nitrate,  nitric  oxide  and  free  alkali :  e,g.^ 

3KN0*  +   HK)     =     KNO»  +   2KH0  +  2N0. 

Nitrites  act  readily  both  as  reducing  and  as  oxidising  agents.  Addulated  solu- 
tions of  nitrites  decolorise  permanganate  of  potassium^  and  gradually  change  the 
colour  of  acid  ckromate  of  potassium  to  a  greenish-blue;  they  also  reduce  tri- 
ehloride  of  gold  and  mercurous  salts,  giving  with  the  former  a  brown  predpitate  of 
metallic  gold,  and  with  the  latter  a  grey  predpitate  of  metallic  mercury.  These 
reducing  actions  distinguish  nitrites  from  nitrates. 

In  their  oxidising  action,  nitrites  resemble  nitrates,  excepting  that  they  act  more 
readily,  and  in  many  cases  without  the  presence  of  a  free  acid.  Thus  they  give  a 
dark-brown  colour  with  ferrous  salts  without  the  addition  of  add,  whereas  nitrates 
exhibit  this  effect  only  when  the  nitric  add  is  set  free  by  addition  of  sulphuric  add. 
Addulated  solutions  of  nitrites  produce  at  once  a  purple  colour  with  starch  and  iodide 
of  potassium,  whereas  pure  nitrates  do  not  exhibit  this  effect  until  the  nitric  add  is  set 
free  and  partially  reduced  to  nitrous  add  (p.  85).  Nitrites  in  solution  sre  further 
distinguished  from  nitrates  by  theur  behaviour  wit^  certain  metallic  salts,  giving  white 
predpitates  with  lead-  tLndsilver-saltSf  and  a  yellow  predpitate,  which  forms  slowly,  with 
cobalt-salts  (i  1046).  With  aqueous  stUphate  of  copper,  they  produce  nitrite  of  copper 
whi^  foErms  a  very  characteristic  apple-green  solution. 

Estimaiitm  ofNUrous  <UJi<2.^Nitrous  add  is  most  correctly  determined  by  oxidation 
with  peroxide  of  lead,  whereby  nitrate  and  hydrate  of  lead  are  produced,  according  to 
the  equation : 

2PpbO«  +   2HN0«     -     PpbN»0«  +  PpbH«0». 
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A.  known  qtuintity  of  the  dried  peroxide  is  added  to  s  dUute  solution  (1  gnn.  salt  in 
100  c  c.  water)  of  the  nitrite  to  be  analysed,  and  the  solution  mixed  with  acetic  acid 
dilated  with  10  or  12  times  its  bulk  of  water  is  warmed  for  12  hours  to  30^  or  40^. 
The  weight  of  the  washed  and  dried  residue  gives  the  quantity  of  peroxide  dissdved, 
whence  the  quantity  of  nitrous  acid  may  be  calculated,  1  at.  peroxide  corresponding  to 
1  at  nitrous  acid.     (P^ligot    Lang,  Jahresb.  1862,  p.  581.) 

Nitrous  acid  may  be  determined  Yolumetrically  by  means  of  a  standard  solution  of 
nitrate  of  urea,  each  molecule  of  that  salt,  CH^N'O.HNO',  decomposing  2  molecules  of 
nitrous  acid,  according  to  the  equation  eiven  on  page  70.  The  solution  of  nitrate  of 
urea  is  heated  nearly  to  boiling;,  and  tne  liquid  containing  the  nitrous  acid  or  the 
acidulated  solution  of  a  nitrite  is  added  drop  by  dro^,  till  the  solution  produces  a  blue 
colour  with  starch-paste  mixed  with  iodide  of  potassmm. 

Nitrites  may  also  be  analysed  by  several  of  the  methods  to  be  hereafter  described 
for  the  analysis  of  nitrates,  viz.  by  igniting  the  salt  with  oxide  of  copper  or  chromate 
of  lead  in  a  tube  the  fore  part  of  which  is  filled  with  metallic  copper,  or  by  the  volu- 
metric method  with  ferrous  chloride,  the  decomposition  taking  place  as  represented  by 
the  equation : 

FfeCl*  +  HNO«  +   HCl  '  =     FfeCl*  +  NO  +  H«0. 

Or  the  arid  may  be  determined  by  loss,  either  by  simple  ignition  of  the  salt,  or  by 
decomposing  it  with  sulphuric  acid,  sal-ammoniac,  borax,  or  silica,  &c. 

The  amount  of  water  in  nitrites  is  best  determined  by  combustion  with  chromate  of 
lead  or  oxide  of  copper,  and  absorption  of  the  water  by  chloride  of  calcium. 

Metallic  Nitrites, 

NiTBiTB  OP  Ammonjtjm.  (NH«)N0*H*0. — Obtained  by  double  decomposition 
of  nitrite  of  lead  and  sulphate  of  ammonium,  or  of  nitrite  of  silver  with  chloride  of 
ammonium ;  also  by  passing  nitrous  vapours  into  aqueous  ammonia  and  evaporating 
over  lime.  It  forms  an  imperfectly  crystallised  mass  which  is  resolved  by  heat  into 
nitrogen  and  water.  Its  aqueous  solution  is  similarly  decomposed,  suddenly  if  acid, 
slowly  if  alkaline. 

NiTBiTK  ofBabium.  Bba"NK)*.B?0. — Obtained  by  igniting  nitrate  of  barium  at 
a  moderate  heat,  precipitating  the  tree  bairta  from  the  solution  of  the  residue  by  car- 
bonic acid,  mixing  the  filtrate  with  alcohol  to  precipitate  the  remaining  nitrate,  and 
evaporating  to  the  ciystaUising  point  (Fischer).  Or  by  passing  nitrous  vapours  into 
bai^ta-water,  evaporating  to  dryness,  digesting  the  residue  in  a  small  quantity  of  water, 
which  will  dissolve  the  nitrite  of  barium  and  leave  the  undecomposed  nitrate,  and 
evaporating.  It  is  permanent  in  the  air,  easily  soluble  in  water  and  in  alcohol,  and 
crystallises  according  to  Fischer,  either  in  needle-shaped  hexagonal  prisms,  or  in  thick 
rhombic  prisms  of  71}°. 

NiTBiTB  OF  GADMIX7M,  Ccd'Tf*0<.H«0,  is  a  sparingly  soluble  laminar  mass  which 
decomposes  at  100°  (Lang,  J.  pr.  Chem.  Ixxxvi  295;  Jahresb.  1862,  p.  99).— 
According  to  Hampe  (Ann.  Oh.  Pharm.  cxxv.  334  ;  Jahresb.  1863,  p.  160),  the  solu- 
tion evaporated  in  a  vacuum  leaves  a  viscid,  deliquescent  mass  which  when  treated 
with  water  yields  the  basic  salt  2Ccd"0.NH)"  or  Ccd''0.Ccd"N«01 

NiTRiTB  OF  Calcium.  Cca"N«0*.H«0.— Prepared  by  decomposinff  a  boiling  solu- 
tion of  the  silver-salt  with  lime-water,  treating  the  filtrate  with  sulphydric  acid,  and  then 
with  carbonic  acid  to  remove  excess  of  silver  and  calcium,  and  evaporating  at  a  gentle 
heat.    It  forms  deliquescent  prismatic  crystals  insoluble  in  absolute  alcohol. 

NiTBiTB^  OF  Cobalt. — Black-brown  or  red-brown  crystals  which  dissolve  in 
water,  and  yield  a  brown  precipitate  with  potash ;  hence  they  contain  cobaltic  oxide 
(Lang).  The  solution  is  decomposed  by  evaporation,  with  separation  of  a  basic 
salt    (Hampe.) 

NiTBiTE  OF  Cobalt  and  Potassium.  dco*K«N»«0"  «  Cco*0' 3K*0.5N*0*  ■= 

/^QxiojO"-     Cohalt'yeUow.—The  yellow  precipitate  formed  on  adding   nitrite  of 

potassium  to  an  acid  solution  of  a  cobalt-salt  It  is  of  a  very  fine  colour  and  is  used 
as  a  pigment.  Its  formation  serves  also  as  a  means  of  separating  cobalt  from  nickel 
and  many  other  metals.  For  the  details  of  its  preparation,  and  the  several  views  of 
its  composition,  see  Cobalt- ybllow  (i.  1058). 

NiTBiTB  OF  CopPBR. — Obtained  as  an  apple-green  solution  by  decomposing 
nitrite  of  lead  with  sulphate  of  copper.    It  oxidises  in  the  air  especially  if  heated,  and 
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is  converted  into  nitrate.  According  to  Hampe,  the  solution  yields  hy  evaporation 
bine  shining  laminae  containing  2Ccu"0.K'0'. 

NitritbbofLbad.  a,  Monoplumbic  or  Normal.  Ppb"NK)*  —  Ppb"O.N«0*. — 
Obtained  by  passing  carbonic  acid  gas  through  a  hot  solution  of  the  tetraplnmbic  salt^ 
till  three-fourths  of  the  lead  is  precipitated  as  carbonate.  The  resulting  yellow  solu- 
tion evaporated  in  the  air  or  in  a  vacuum,  deposits  the  normal  salt  in  long  yellow  prisms 
(P^ligot),  or  yellow  laminse  (Ghevreul),  containing  1  at  water  according  to 
Kicklis  (Compt.  rend,  xxvii.  244),  2  at  according  to  Go  mis  {ibid,  xxxiv.  187).  It 
is  easily  decomposible  and  veiy  soluble  in  water. 

0.  Diplumbic  or  Plumbo-kt/drio  Nitrite.  2Ppb"0.N«0».H«0  -  PpbHNO'.— Formed 
in  small  quantity  according  to  Bromeis  (Ann.  Ch.  Pharm.  Itxij.  50),  when  the  yellow 
diplumbic  nitroso-nitrate  (vid.  ir\f.)  is  boUed  for  some  time  with  metallic  lead.  It  is 
then  deposited  in  long  golden-yellow  needles. 

7.  Tnplumbic,  8Ppb"0.N«0«  =  Ppb»N*0«.— Deposited  when  the  orange-red 
nitroso-nitrate  is  boiled  for  some  hours  with  lead,  in  needle-shaped  crystals,  mostly 
imited  in  concentric  groups  having  sometimes  a  flery-red,  sometimes  a  green  colour, 
but  always  the  same  composition  (Bromeis^  ^.  cit.).  Pdiigot  doubts  the  existence  of 
this  salt 

Tetraplumlnc.  4Ppb"0.N»0«.HK)  (Berselius)  «  Ppb"HNO«.Ppb"0.— Obtained 
by  boiling  a  mixture  of  1  pt.  nitrate  of  lead  and  1^  pt.  or  more  lead  with  60  pts. 
water  in  a  long-necked  flask  for  about  12  hours.  It  crystallises  according  to  Ohevreul 
in  stellate  groups  of  pale  flesh-red  silky  needles ;  the  solution,  if  quicklv  cooled,  deposits 
it  in  the  form  of  a  white  {>owder.  It  gives  off  its  water  at  lOCP  (PeligotX  together 
with  a  small  portion  of  acid  (Chevreul);  at  a  red  heat  it  gives  off  the  whole  of  its 
acid  without  fusion  (Berzelius).  Has  a  strong  alkaline  reaction,  and  dissolves, 
according  to  P^ligot,  in  34 '5  pts.  boiling  and  1250  pts.  cold  water. 

Nitroso-nitratea  of  Lead. — ^By  heating  nitrate  of  lead  with  metallic  lead  in 
certain  proportions,  salts  are  obtained  which  are  sometimes  regarded  as  compounds  of 
lead-oxide  with  nitric  peroxide ;  but  they  are  more  probably  double  salts  composed  of 
nitrates  and  nitrates  of  lead. 

a.  2Ppb"0.NK)\H«0  or  Ppb"HNO«.Ppb''HNO*.— A  solution  of  normal  nitrate  of 
lead  in  15  to  20  pts.  water  heated  to  60^ — 70°  for  several  hours  with  63  pts.  very 
finely  divided  lead,  deposits  this  salt  on  cooling  in  straw-vellow  shining  needles  and 
laminie  having  an  alkaline  reaction,  soluble  in  85  pts.  of  cold  and  10*6  pts.  of  boiling 
water  (Bromeis).  By  prolonged  boiling  with  metallic  lead,  it  is  converted  into 
diplnmbic  nitrate.    (Pi&ligot,  Bromeis.) 

h.  7Ppb''0.2NO«.3H«0  or  Ppb«N»0«.Ppb«N«0".Pp!>H«0».2H«0.— Obtained  by  boil- 
ing the  preceding  salt  with  lead,  or  a  dilute  solution  of  neutral  nitrate  of  lead  with 
1|  at  metallic  iron.  Forms  hard,  orange-red  crystals  soluble  in  1250  pts.  of  cold  and 
34  pts.  of  boiling  water.  When  boiled  for  some  hours  with  lead,  it  is  converted  into 
tnplumbic  nitrite  ^7HPeligot,  Bromeis).  Both  these  salts  (a,  b)  are  decomposed 
by  baryta-water,  yielding  nitrate  and  nitrite  of  barium.     (P^ligot) 

c.  Bromeis,  in  endeavouring  to  prepare  this  salt,  once  obtained  an  orange-red  but  more 
shining  salt,  containing,  according  to  his  analysis,  3PpbO.N«0«  +  4PpbO.N'0*+  3H»0. 

d.  The  same  chemist,  by  boiling  a  solution  of  nitrate  of  lead  for  several  days  with  a 
large  excess  of  metallic  lead,  obtained  light  brick-red  rhombic  crystals,  to  which  he 
ass^ed  the  formula  4P^bO.N*0*  +  3PpbO.N«0»  +  3H«0.  For  further  details  on 
the  nitrites  and  nitroso-nitrates  of  lead,  see  GmdirCs  Handbook,  v.  152. 

KiTBiTB  OF  Magnesium.  Mmg"N«0^3H«0  (Lang);  with  2H^  (Hampe). 
— ^Laminar  deliquescent  mass,  insoluble  in  alcohol,  easily  decomposed  by  heat ;  obtained 
by  boiling  a  solution  of  the  silver-salt  with  magnesia^  removing  the  excess  of  silver  by 
snlphydric  acid,  and  evaporating, 

NiTBiTB  OF  MA.NOANESB. — Beliquesoent  saliue  mass. 

Mebcuric  Nitbitb,  Mhg^K)'.H'0,  separates  on  evaporating  a  mixture  of  mer- 
curic chloride  and  nitrite  of  silver.     (Lang.) 

NiTBiTE  OF  Nickel,  Kni"N*0*,  forms  reddish-yellow  crystals  which  are  perma- 
nent in  the  air,  and  in  the  dry  state  may  be  heated  to  100^  without  decomposition, 
but  in  water  only  to  80^  (Lang).  According  to  Hampe,  the  solution  decomposes  even 
at  common  temperatures,  giving  off  nitric  oxide  and  leaving  a  green  basic  salt, 
Nni''0.Nm"NK)< 

NiTBiTE  OF  PoTASSiuH.  KNO*. — Produced,  as  already  described  (p.  70),  by 
heating  the  nitrate  to  redness,  or  by  passing  nitrous  vapours  into  a  solution  of  caustic 
potash.  When  the  mixture  of  nitrate  and  nitrite  thus  obtained  is  dissolved  in  water, 
and  the  solution  concentrated,  nitrate  of  potassium  crTstallises  out  first,  and  afterwards 
the  nitrite,  but  veiy  impure.    To  obtain  a  pure  salt,  Fischer  mixes  the  solution,  after 
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the  nitrate  has  czystallued  out,  with  dilute  acetic  acid  and  twice  its  Yolnme  of  alcohol ; 
more  nitrate  then  crystallises  out,  and  the  liquid  separates  into  two  layers,  the  upper 
consisting  of  an  alcoholic  solution  of  acetate  of  potassium,  the  lower  of  a  solution  of 
the  nitrite.  This  solution  evaporated  over  oil  of  vitriol  yields  the  nitrite  in  indistinct 
ciTstals.  Nitrite  of  potassium  may  also  be  obtained  pure,  by  decomposing  nitrite  of 
silver  with  an  equivalent  quantity  of  chloride  of  potassium,  or  nitrite  of  lead  with 
carbonate  of  potassium.  Or  the  following  process  may  be  adopted :  1  pt.  of  nitrate  of 
potassium  is  fused  in  an  iron  crucible,  and  2  pts.  of  lead  are  added,  with  constant 
stirring.  The  lead  oxidises  even  at  a  dull  red  heat ;  the  temperature  is  then  raised  to 
complete  the  oxidation;  the  cooled  mass  is  exhausted  with  water;  the  solution  is 
treated  with  sulphide  of  ammonium  to  remove  a  small  quantity  of  lead,  then  evaporated ; 
and  the  residue  is  heated  to  fusion,  to  decompose  any  hyposulphite  of  potassium  that 
may  have  been  formed  (A.  Strom eyer,  Ann.  Ch.  Fharm.  xcvi.  330).  Nitrite  of  po- 
tassium is  also  formed  by  the  action  of  ammonia  in  excess  on  permanganate  of 
potassium.    (Gloez  and  0uignet.) 

Pure  nitrite  of  potassium  is  a  white  crystalline,  deliquescent,  saline  mass,  neutral  to 
vegetable  colours,  according  to  Fischer,  alkaline  according  to  H.  Kose.  When  treated 
with  any  of  the  stronger  acids,  it  gives  off  nitric  oxide  gas,  the  nitrous  acid  eliminated 
at  the  first  instant  being  immediately  resolved  into  that  compound  and  nitric  acid : 
3HN0«  -  HNO»  +  ffO  +  2N0. 

Double  salts  of  Potas8ium-nitrite,'--ThebaHum'^t,K^BbanS*(y.WO,foTms 
long  slender  needles,  permanent  in  the  air,  easily  soluble  in  water,  insoluble  in  alcohoL 
Similar  double  salts  are  formed  with  the  nitrites  of  strontium^  calcium^  and  magnesium, 
the  first  being  permanent  in  the  air,  the  other  two  deliquescent  (Lang). — Cadmium" 
salts. — A  mixture  of  cadmium-acetate  with  excess  of  potassium-nitrite  deposits  first 
the  salt  K^Ccd"N^O',  in  oblique,  one-sided,  shining,  yellow  prisms ;  afterwards  the 
salt  K*Ccd'^*0",  in  yellow,  lees  lustrous  tabular  crystals  (Lang).  Hampe  obtained 
this  last  salt  by  recrystallisation,  in  colourless  cubes;  the  mother-liquor  contained  an- 
other salt  which   crystallised  in  prisms,  probably  K*Ccd"N*0'.  —  The  copper-salt, 

K*Ccu'N'*0*.H'0,  forms  thin  prisms,  black  by  reflected,  dark  green  by  transmitted 
light,  permanent  in  the  air,  easihr  soluble  in  water,  less  in  akohol.  The  solution 
decomposes  easily,  depositing  dicupric  nitrite  (Hampe). — Lead^sdUs. — The  salt 
K'Ppb''N'0".HK)  crystaUises  in  brown-yellow  rhombic  prisms.  A  solution  of  nitrite 
of  lead  mixed  with  a  large  excess  of  nitrite  of  potassium  yields  long  slender  prisms 
less  soluble  than  the  preceding,  and  probably  consisting  of  a  compound  of  the  two 
double  salts  K«Ppb"N*0»  and  K*PpbTf*0»»  (Lang).-The  mercury-salt,  K«Hhg'^*0», 
forms  straw-yellow  prisms  (Lang). — The  ntekel'Salt,  K^Ni'^'O*',  forms  brown  octahe- 
dral crystals  which  dissolve  with  ppreen  oolour  in  water,  are  insoluble  in  alcohol,  but 
are  decomposed  by  boiling  therewith.  A  triple  salt  containing  potassium,  barium,  and 
nickel,  viz.  K*Bba'1^ni"N'0",  is  obtained  by  mixing  acetate  of  nickel  with  potassio- 
barytic  nitrite,  or  acetate  of  barium  with  niccolo-potassic  nitrit«,  in  brown-yellow 
microscopic  tablets,  sparingly  soluble  in  cold  water  (Lang,  Hampe). — The  palladium- 
salt  separates  from  concentrated  solutions  as  a  white  powder ;  fi^m  more  dilute  solu- 
tions in  yellow  crystals,  very  soluble  in  water.  It  is  decomposed  hj  heat,  leaving 
a  residue  of  piJladium  and  nitrite  of  potassium  (Fischer). —  The  silver-salt, 
2KAgN*0^.H'0,  forms  yellow  rhombic  prisms  or  tablets,  permanent  in  the  air,  soluble 
without  decomposition  in  a  small  quantity  of  water,  decomposed  by  a  larger  quantity 
(Lang,  HampeV— The  einc-salt,  K«Zzn'^«0".H«0,  crystallises  in  short,  yellow, 
deliquescent,  easily  decomposible  prisms.     (Lang.) 

1  NitbitbofSilv^b.  AgNO^ — Obtained  by  double  decomposition  of  an  alkaline 
nitrite  and  nitrate  of  silver.  Separates  from  cold  solutions  as  a  white  powder  com- 
posed of  capillary  crystals ;  from  hot  solutions  in  larger  crystals.  In  small  quantities 
it  appears  white,  in  larger  (quantities  yellow.  Dissolves  in  300  pts.  water  at  ordinary 
temperatures,  easily  in  boibng  water. 

NiTBiTB  OF  Sodium.  NaNO'. — ^Prepared like  the  potassium-salt.  Nitrate  of 
sodium  is  more  easily  decomposed  by  heat  than  nitrate  of  potassium,  and  yields  a 
lai^ger  proportion  of  free  alkali.  In  purifying  the  nitrite  by  Fischer*s  method  with  acetic 
acid  and  alcohol  {vid,  sup.),  the  alcoholic  solution  does  not  separate  into  two  layers^ 
and  the  aqueous  alcohol  holds  in  solution  acetate  and  nitrate  of  potassium,  as  well  as 
nitrite.  It  must  therefore  be  evaporated  to  dryness  and  the  residue  exposed  to  the  air. 
The  deliquescent  nitrite  of  sodium  may  then  be  decanted,  and  will  yield  the  crystalline 
salt  by  evaporation  over  oil  of  vitriol. 

The  properties  of  nitrite  of  sodium  are  for  the  most  part  the  same  as  those  of  the 
potassium-salt ;  it  is  distinguished  however  by  its  greater  solubility  in  alcohoL 

NiTBXTB  OF  Stbomtiuk.  Sst'^^O^ '•Prepared  like  the  barinm-salt»  but  the 
solution  requires  to  be  more  strongly  concentrate  to  separate  the  remaining  nitiate. 
Crystallises  in  slender  needles  whidi  slowly  deliquesce  in  damp  air. 
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NiTBiTB  OF  Zinc. — ^White  laminar  mass,  conaisting  of  Zzn"NH)^3H'0  (Lang), 
or  Zm"O.Zai"N«0*  (Hampe). 

Alcoholic  Nitrites,    Nitrous  Ethers, 

KiTBiTB  or  Amti..  '  C*H"NO'  —  QftH"[^' — ^^^P*'®^  ^7  passing  nitrous  va- 
pours into  amjlie  alcohol  contained  in  a  heated  retort,  rectifying  the  distillate,  and 
collecting  apart  the  portion  which  goes  oyer  at  96°.  It  is  a  light-jellowish  liquid 
becoming  duker  while  hot^  smelling  like  ethylic  nitrite,  having  a  specific  gravity  of 
0*877 ;  boiling  at  96^  (Balard),  at  91° (Bieckher).  Its  vapour  has  a  redd£h-yellow 
colour,  and  produces  head-ache  when  inhaled. 

It  is  quickly  decomposed  by  alcoholic  potash,  yielding  nitrite  of  potassium  and  probably 
ethyl-amylic  ether ;  aqueous  potash  acts  but  slowly  on  it  When  dropt  upon  melting 
potash,  it  takes  fire  at  the  first  instant,  and  forms  valerate  of  potassium.  When  heated 
with  water  in  which  peroxide  of  lead  is  suspended,  it  yields,  according  to  Riekher, 
amylic  alcohol,  nitrate  of  lead  and  nitride  of  lead.  (Balard,  Ann.  Ch.  Phys.  [3]  zii 
318;  Bieckher,  Jahresb.  1847-8,  p.  699.) 

NiTBiTB  OF  Ethtl.  NOtous  Ether,  C«H»NO»;  formerly  called  Nitric  Ether, 
Salpeter'ather,  Salpeter-naphtha,  Ether  nitrique, — This  ether  was  first  observed  by 
Bumkel  in  1681 ;  but  its  composition  was  first  exactly  determined  by  Bumas  and 
Bo u Hay  (Ann.  Ch.  Phys.  [2]  xxxvii.  16).  It  is  produced  by  the  action  of  nitric  or 
nitrous  add  upon  alcohol.  Th»  action  of  the*  former  acid  is  very  violent,  part  of  the 
alcohol  being  oxidised  and  the  nitric  acid  reduced  to  nitrous  add,  which  then  forms 
nitrons  ether  with  the  remaining  alcohol. 

Preparation. — 1.  A  mixture  of  alcohol  and  nitric  add  (equal  parts  of  alcohol  of 
86°  ^n.  and  nitric  add  of  32°,  according  to  Th^nard)  is  distilled  in  a  retort  connected 
with  a  series  of  WoulfiTe's  bottle  half-fiilled  with  salt-water,  heat  being  applied  to  set  the 
action  going,  and  the  fire  afterwards  removed.  Nitrous  ether  then  collects  on  the  surface 
of  the  biine  in  the  form  of  a  light  liquid  which  is  to  be  rectified,  and  then  set  adde  in 
contact  with  quicklime.  Berzelius  recommends,  as  originally  proposed  by  Black,  to 
place  8  pts.  of  fuming  nitric  acid,  4  pts.  water,  and  9  pt&  alcohol,  one  above  the  other 
in  a  glass  cylinder,  leave  the  whole  to  itself  for  two  or  three  days,  so  that  the  alcohol 
and  acid  may  mix  slowly  by  difiiision,  and  purij^  the  upper  layer  by  distillation. 

2.  As  the  direct  action  of  nitric  add  upon  alcohol  is  necessarily  attended  with  a 
considerable  loss  of  alcohol  by  oxidation,  it  is  more  advantageous  to  reduce  the  nitric 
to  nitrous  add  by  means  of  starch,  sugar,  &c.  Liebig  (Ann.  Ch.  Pharm.  xxx.  142) 
pasBfis  the  nitrous  vapours  evolved  firom  nitric  add  and  starch  through  cooled  dilute 
alcohol,  and  condenses  the  evolved  vapours  in  a  cooled  receiver.  Or  equal  volumes  of 
alcohol  and  nitric  add  may  be  distilled  with  starch  or  sugar  (J.  Grant,  Pharm.  J. 
Transw  x.  244) ;  or  with  copper  turnings.    (E.  Eopp,  J.  Pharm.  [3]  xi  320.) 

Nitrite  of  ethyl  is  a  yellowiBh  liouia  having  an  odour  of  apples,  misdble  in  all  pro- 
portions with  aloohol,  but  sparingly  soluble  in  water  (1  pt  in  48).  It  boils  at  18<^. 
It  decomposes  by  keeping,  espedslly  in  presence  of  water,  giving  oflT  nitric  oxide,  and 
<rfien  bursting  the  containing  vesseL  It  is  reduced  by  sulphydrie  add  or  sulphide  of 
ammoninm  in  the  manner  represented  by  the  equation : 

C*H*NO»  +   8H»S     io.     C>H«0  +   NH»  +   H«0  +  S«. 
Vitroat  ether.  Alcohol. 

A  solution  of  ethylic  nitrite  in  alcohol  constitutes  the  nitric  ether  of  the  pharmaco- 
poeias, also  called  Sweet  Spirits  of  Nitre,  Spiritus  nitrico-atheretts  or  Spiritus  nitri 
atdeis. 

For  details  on  the  preparation  and  properties  of  nitrous  ether,  see  Gmelin*s  Handbook, 
▼iiL468. 

KiTBiTB  OF  MsTHTii.  CH*NO'. — ^Produccd  by  treating  wood-spirit  with  nitric 
add  and  copper  turnings  or  arsenious  acid.  The  less  volatile  products  are  condensed 
in  a  receiver  cooled  to  (P,  and  the  gaseous  methyb'c  nitrite,  after  purification  by  passing 
through  potash-ley,  solution  of  ferrous  sulphate,  and  dry  chloride  of  caldum,  is  con- 
densed in  a  tube  cooled  to  between  —30  and  —40°.  As  thus  obtained  it  is  a  liquid 
of  specific  gravity  0*991,  which  boils  at  — 12°,  giving  o£F  a  gas  which  smells  like  ethylic 
nitete  and  bums  with  a  green-edged  flame.  It  is  also  found  among  the  gaseous 
piodncts  evolved  on  treating  brudne  with  nitric  add.  (Strecker,  Compt  rend. 
XXXJT.  63.) 

KiTBic  Pbboxidb  or  Tbiboxidb  of  Nitboobk.    NO'  or  NH)*, 

Synonymcfl :  Nitrie  Peroxide,  Peroxide  of  Nitrogen.  Nitroso-nitric  anhydride.  Bypo- 
miric  acid.     In  combination:  Nitryl, — This  is  the  prindpal  constituent  of  the  orange 
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fumes  produced  on  mixing  nitric  oxide  with  oxygen  or  air.  When  nitric  oxide  is  mixed 
with  excess  of  oxygen,  2  vol.  of  the  former  combine  with  1  yol.  of  the  latter  to  form 
2  vols,  of  nitric  peroxide. 

Preparation. — 1.  When  a  mixture  of  2  vols,  nitric  oxide  and  1  vol.  oxygen,  inoorpo>- 
rated  dv  passing  through  a  tube  filled  with  broken  porcelain  and  thoroughly  dried  by 
transmission  over  pumice  soaked  in  oil  of  vitriol,  and  then  over  recently  fused  slack- 
potash,  is  subjected  to  the  action  of  a  freezing  mixture  of  salt  and  ice,  pemitric  oxide 
condenses  in  transparent  crystals,  or  if  the  slightest  trace  of  moisture  is  present,  into  an 
almost  colourless  liquid. — 2.  Thoroughly  dried  nitrate  of  lead  heated  in  a  retort,  gives 
off  a  mixture  of  pemitric  oxide  and  oxygen  gases,  the  former  of  which  may  be  con- 
densed as  above,  while  the  latter  passes  on : 

PpbN»0«     -     PpVO  +   O   +  N»0*. 

The  first  portions  of  nitric  peroxide  thus  obtained  do  not  solidify,  doubtless  owing  to 
the  presence  of  a  trace  of  moisture,  but  if  the  receiver  be  changed  in  the  midst  of  the 
operation,  and  if  eveiy  care  has  been  taken  to  avoid  moisture,  the  later  portions  may 
be  obtained  in  the  crystalline  form. 

Properties, — Pemitric  oxide  at  very  low  temperatures  forms  transparent,  colourless, 
prismatic  crystals  which  melt  at  —9°;  but  when  once  melted  do  not  resolidify  till 
cooled  down  to  —  30^.  Above  »9^  it  forms  a  mobile  liquid  of  specific  gravity  1*461, 
the  appearance  of  which  varies  greatly  according  to  the  temperature.  Whrat  still 
liquid  below  ~9^,  it  is  almost  colourless;  at  —9°  it  has  a  perceptible  greenish-yellow 
tint ;  at  0^  the  colour  is  somewhat  more  marked ;  at  1(F  it  is  decidedly  yellow ;  and  at 
15^  and  upwards,  orange-yellow,  the  depth  of  colour  increasing  progressively  with  the 
temperature  up  to  22°,  the  boilins  point  of  the  liquid.  The  vapour  has  a  brown-red 
colour,  the  depth  of  which  also  increases  with  the  temperature,  until  at  40^  it  is  so 
dark  as  to  be  almost  opaque.  This  remarkable  change  of  colour  is  accompanied  by  a 
great  diminution  of  density  as  the  temperature  rises,  both  phenomena  pointing  to  a 
molecular  change  produced  in  the  vapour  by  heat.  Flay  fair  and  Wanklyn  (Chem. 
Soc.  J.  XV.  156)  have  determined  the  density  of  the  vapour  by  Dumas'  method,  using 
nitrogen  as  a  dUuent,  and  find  that  the  densities  at  different  temperatures  are  as  follows: 


Temperature. 

Yapoor-densltj. 

9^7-6° 

.     1-783 

24-5 

.     2-620 

11-8 

.     2-646 

4-2 

.     2-688 

Now  the  density  required  by  the  formula  NO*  for  a  two-volume  condensation  is 
14  +2 .  16  ^  Q.Qgg3  ^  1.6893 ;  that  required  by  N«0<  for  the  same  condensation  is 

the  double  of  this,  viz.  3-1786;  and  the  vapour-densities  found  by  experiment  are  all 
intermediate  between  these  two  numbers,  that  found  at  97*5°  not  differing  very  much 


pass  readily 

with  change  of  temperature ;  that  at  temperatures  near  100°,[the  gas  consists  chiefly  of 
KO',  at  ordinary  temperatures  of  N'O*,  and  at  intermediate  temperatures  of  mixtures 
of  the  two  in  various  proportions.      Liquid  pemitric  oxide  gives  off  at  ordinaiy  tem- 

Seratares  an  abundance  of  reddish  vapours  which  when  mixed  with  air  are  extremely 
ifficult  to  condense.  These  vapours  have  a  pungent,  suffocating  odour  and  acid  taste, 
are  quite  irrespirable,  and  stain  the  skin  of  a  bright  yellow.  Concerning  the  dark  bands 
in  the  spectrum  of  lamp-light  passing  through  the  vapour  of  nitric  peroxide,  see 
Light  (iii.  621). 

Decompositions. — Nitric  peroxide  is  decomposed  by  water,  with  production  of  nitric 
and  nitrous  acids,  whence  it  may  be  regarded  as  nitroso-nitric  anhydride: 

N«0*  +  H«0     =     HNO«  +  HNO». 

This  simple  reaction  however  takes  place  only  at  very  low  temperatures ;  when  a 
small  quantity  of  ice-cold  water  is  added  to  pemitric  oxide  eooled  by  ice  and  salt^  two 
layers  of  liquid  are  formed,  the  upper  and  least  coloured  of  which  consists  chiefly  of 
aqueous  nitric  oxide,  the  lower  and  darker  of  nitrous  acid  or  anhydride,  which  may  be 
distilled  off  at  a  low  temperature,  as  already  described  (p.  74).  Pemitric  oxide  acts 
in  a  similar  manner  upon  caustic  alkalis  when  not  too  dilute,  forming  a  nitrate  and 
nitrite  of  the  alkali-metaL  But  when  nitric  peroxide  is  added  to  excess  of  wat^r  at 
ordinary  temperatures  it  is  decomposed  into  nitric  acid  and  the  products  of  decompo- 
sition of  nitrous  acid,  namely,  nitric  acid,  water,  and  nitric  oxide  gas.  As  the  quantity 
of  nitric  peroxide  added  to  the  water  increases,  the  evolution  of  nitric  oxide  becomes 
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lens  and  less  obyiomr,  nntU,  when  a  oonsideGrable  quantity  of  nitric  acid  has  been  formed » 
it  disappears  altogether.  During  this  saturation  of  the  water  with  nitric  acid,  it 
becomes  successively  bine,  green,  and  orange-coloured,  these  colours  depending  upon  the 
solution  of  unaltered  nitric  peroxide  in  the  aqueous  nitric  acid,  which,  according  to  its 
concentration,  is  capable  of  aissolving  an  increasing  quantity,  and  of  decomposing  a  de- 
creasing quantity  of  that  compound.  The  similarly  colqured  liquids  produced  by 
treating  aqueous  nitric  acid  with  nitric  oxide  gas  are  thought  to  owe  their  colour  to  the 
presence  of  pemitric  formed  by  deoxidation  of  a  portion  of  the  nitric  acid : 

NO   +   2HN0«     «     H*0   +     8N0«. 

Nitric  peroxide  is  not  decomposed  at  a  dull  red  heat  Mixed  nitric  peroxide  and 
oxygen  gases  passed  over  spongy  platinum,  react  upon  each  other,  with  production  of 
water  and  ammonia,  the  platinum  at  the  same  time  becoming  red-hot.  Nitric  per- 
oxide is  also  absorbed  by  aqueous  sulphjfdric  acid,  with  formation  of  ammonia  and 
deposition  of  sulphur.  Ordinary  combustibles  are  extinguished  by  nitric  peroxide 
vapour ;  but  charcoal  and  phosphorus^  when  strongly  ignited,  bum  in  it  with  consider- 
alue  brilliancy,  liberating  the  nitrogen.  It  is  also  decomposed,  with  liberation  of  nitro- 
gen, by  iron  and  other  metals  at  a  red  heat.  Potassium  introduced  into  the  vapour  at 
ordinary  temperatures  inflames  spontaneously  and  bums  with  a  red  flame. 

Combinations. — Nitric  peroxide  usually  reacts  with  basylous  metallic  oxides,  as  before 
observed,  to  form  nitrates  and  nitrites ;  but  it  has  been  supposed  also  to  unite  directly 
with  some  oxides  to  form  definite  salts:  hence  it  has  been  called  hyponitric  acia. 
Thus  the  nitroso-nitrates  of  lead  already  described  (p.  73)  are  regarded  by  Bromeis  as 
compounds  of  lead-oxide  with  nitric  peroxide ;  and  cobalt-yellow  (i.  1068)  is  by  some 
chemists  supposed  to  have  the  composition  CoKO.N'0^ 

Nitric  peroxide,  or  nitryl,  acts  as  a  monatomic  chlorous  radicle  analogous  to  chlorine 
and  bromine,  and  capable  of  displacing  one  or  more  atoms  of  hydrogen  in  various  com- 
pounds, chiefly  organic,  atom  for  atom ;  naphthalene,  for  example,  yields  the  three  nitro- 
derivatives,  C*«H'(N0*)*,  C"H«(NO»)«,  C»«H*(NO»)».  Some  of  these  compounds  are 
formed  bv  the  direct  action  of  nitric  peroxide  on  organic  bodies,  e,g.  mononitronaph- 
thalene,  C''H'(NO'^ ;  but  they  are  generally  speaking  most  easily  formed  by  the  action 
of  strong  nitric  acia  (which  may  itself  be  supposed  to  contain  the  radicle  nitryl)  on  the 
primary  compounds :  thus, 

CP«H«  +  ^3^*1 0     =     C"H»(NO*)  +  H«0. 

Nitric  peroxide  also  unites  with  amylene,  forming  nitrylide  of  amvlene^  C*H*'(NO*), 
analogous  to  the  bromide,  G^H**Br',  and  possibly  also  with  the  other  defines. 
(Guthrie,  see  i.  209.) 

A  chloride  of  nitryl,  NO^Cl,  is  produced  by  the  action  of  oxychloride  of  phospho- 
rus on  nitrate  of  lead ;  thus, 

8PpbN«0«  +   2PC1»0     =     Ppb*PK)»  +   6N0«C1; 

also  by  the  action  of  chlorhydro-sulphuric  acid  upon  nitrate  of  potassium : 

KN0»   +  HCISO*     -     KHSO*  +  N0«C1. 

It  is  a  thin  pale  oil  smelling  somewhat  of  nitro-muriatic  add.  It  is  decomposed  by 
water  into  hydrochloric  and  nitric  adds : 

NO«a  +  H«0     =     HCl  +  HN0«. 

NiTBIC  AiraTDBIDB,  AcfID,   AND  SalTS. 

Vttrto  Anlftjrdriday  or  Fentoxlde  of.  Vltroffen.     Anhydrous  Nitric  acid, 

NO«> 
NitraUofNitrgly'NK>*  »  JJq,[0.— This  compound,  discovered  by  H.  Deville  in  1849, 

is  produced  by  decomposing  nitrate  of  silver  with  chlorine-gas,  both  being  perfectly 

2AgN0»  +  Cl«     -     2Aga   +  N»0»  +   0. 

The  nitrate  of  silver  is  placed  in  a  TJ-tube  capable  of  containing  about  500  grms.  of 
the  salL  This  tube  is  connected  with  another  U-tube  of  considerable  size,  and  having 
at  the  bottom  a  small  spherical  reservoir,  which  serves  to  receive  a  very  volatile  liquid 
(nitrous  anhydride),  produced  in  the  course  of  the  operation.  The  tube  containing  the 
nitrate  of  silver  is  immersed  in  water  covered  with  a  thin  layer  of  oil  and  heated  by 
means  of  a  spirit  lamp,  which  communicates  with  a  reservoir  kept  at  a  constant  leveL 
The  chlorine  is  evolv^  from  a  glass  gasometer,  and  its  displacement  is  regulated  by  a 
slow  and  constant  flow  of  sulphuric  acid ;  it  is  dried  by  passing  over  chloride  of 
calcium  and  then  over  pumice-stone  moistened  with  sulphuric  add.  The  bend  of  the 
large  U-tabe  is  immersed  in  a  freezing  mixture.    The  nitrate  of  silver  is  first  heated 
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to  180^  and  deprived  of  moisture  by  pasaiiig  a  current  of  carbonic  anhydride  through 
the  apparatuB.  After  this,  the  transmission  of  the  chlorine  is  commenced.  At 
ordinary  temperatures  it  appears  to  exert  no  action ;  but  when  the  nitrate  of  silyer  is 
heated  to  96^,  and  the  temperature  then  lowered  to  68^ — 68^,  the  decomposition  of  the 
nitrate  takes  place,  chloride  of  silver  being  formed  and  nitric  oxygen  evolved.  At  first 
a  portion  of  nitric  peroxide  is  developed,  but  as  soon  as  the  temperature  has  reached  its 
lowest  point,  crystals  of  nitric  anhydride  are  formed  and  soon  obstruct  the  U>tube. 
The  gases  evolved  during  the  process  are  coloured ;  and  in  the  spherical  reservoir  at 
the  l^ttom  of  the  tube,  there  collects  a  small  quantity  of  liquid  which  must  be  removed 
from  the  apparatus  before  transferring  the  nitric  anhydride  to  another  vesseL  To  effect 
this  transference,  the  current  of  chlorine  must  be  replaced  by  a  current  of  carbonic  anhy- 
dride, the  condensing  tube  must  no  longer  be  cooled ;  and  the  bulb  destined  to  receive 
the  crystals  must  be  immersed  in  a  fteSang  mixture  and  connected  with  the  U-tube 
by  means  of  a  caoutchouc  tube  lined  with  asbestos.  The  chlorine  should  pass  very 
slowly,  not  more  than  3  or  4  litres  (about  60  cubic  inches)  in  24  hours.  An  apparatus 
arranged  as  above  described  will  go  on  day  and  night  without  superintendence:  it 
is  merelv  necessary  to  renew  the  supply  of  sulphuric  acid  which  displaces  the  chlorine, 
the  alconol  which  feeds  the  lamp,  and  the  freezing  mixture. 

Nitric  anhydride  forms  transparent  colourless  crystals  of  great  brilliancy,  having  the 
fbrm  of  prisms  with  six  faces  and  apparently  derived  from  a  right  rhombic  prism. 
When  slowly  deposited  in  a  current  of  the  gas  strongly  cooled,  they  attain  a  consider- 
able size.  They  melt  a  little  above  30^,  and  boil  at  about  45^.  At  l(P  the  tension  of 
the  vapour  is  very  considerable.  At  temperatures  near  the  boUing  point,  decomposi- 
tion appears  to  begin :  hence  the  tension  of  the  vapour  cannot  be  determined  by  Dumas* 
process.     (Devi lie,  Ann.  Ch.  Phys.  [3]  xxviii.  241.) 

Vltrie  aeld.    HNO»  -  ^'|o  or  B^O.TPO^.—Agotic  acid.     Spirit  of  nitre. 

Spiritua  tUtri  aoidus,  Salpetergdst  In  the  dilute  state:  Aauafortis.  Eau  forte. 
Scheidewaaeer. — This  acid  has  been  known  from  early  times,  it  is  mentioned  in  the 
writings  of  Geber  in  the  eighth  century ;  Baymond  LuUiua,  in  the  thirteenth  oen- 
tuxT,  cave  directions  for  preparing  it  by  distilling  saltpetre  with  sulphate  of  iron ; 
and  Cflauber  soon  afterwards  obtained  it  by  distilling  saltpetre  with  oil  of  vitriol,  the 
process  by  which  it  is  prepared  at  the  present  day. 

Formation,, — 1.  When  nitrogen-gas  mixed  with  10  or  12  times  its  bulk  of  hydrogen 
is  burnt  in  oxygen,  the  resulting  water  is  found  to  contain,  in  addition  to  nitrite  of 
ammonium,  a  small  quantity  of  free  nitric  acid.  Again,  when  a  succession  of  electric 
sparks  is  passed  through  a  moist  mixture  of  2  voL  nitrogen,  and  5  vol.  oxygen,  traces 
of  nitric  acid  are  slowly  formed.  It  was  by  a  modification  of  the  expenment  that 
Cavendish  first  ascertained  the  composition  of  nitric  acid.  Davy  noticed  that  traces 
of  nitric  acid  are  produced  at  the  positive  pole,  when  water  containing  atmospheric 
air  is  submitted  to  electrolysis. 

2.  By  the  decomposition  of  nitrous  add,  and  of  all  the  oxides  of  nitrogen.  Thus, 
traces  of  nitric  acia  are  formed  from  moist  nitrous  and  nitric  oxide  gases,  by  transmis- 
sion through  red-hot  tubes,  or  by  electrolisation ;  while  quantities  of  it  are  produced 
bv  the  action  of  water  upon  nitrous,  nitroso-nitric,  and  nitric  anhvdrides.  Nitric  add 
also  occurs  among  the  products  resulting  from  the  transmission  through  red-hot  tubes 
of  an  excess  of  oxygen  mixed  with  ammoniacal  or  moist  cyanogen  gas. 

Preparation. — 1.  l^vom  Nitrate  of  potassium.  1000  parts  of  purified  saltpetre  are 
distilled  in  a  glass  retort  with  96  parts  of  common  oil  of  vitriol,  till  the  residue  in  the 
retort  becomes  tranquil,  and  no  more  drops  distil  over.  The  ingredients  should  be  but 
little  more  than  suffident  to  half  fill  the  retort^  or  there  will  ^  danger  of  the  mixture 
boiling  over,  i  When  a  tubulated  retort  is  emploved,  the  oil  of  vitriol  is  introduced 
through  the  tubulus ;  but  with  a  plain  retort,  the  add  is  poured  down  the  neck  by 
means  of  a  bent  tube-ftmnel,  care  being  taken  not  to  soil  the  nedc  with  the  oil  of 
vitriol.  The  neck  of  the  retort  must  reach  almost  to  the  middle  of  the  receiver, 
which  is  cooled  with  water,  and  attached  to  the  retort  without  any  cement 

For  every  molecule  of  saltpetre  (KNO"  =-  101  pts.)  1  molecule  of  oil  of  vitri<^ 
(H*SO*  a  98  pts.)  is  required,  in  which  case  1  molecule  of  nitric  acid  passes  over, 
and  1  molecule  of  acid  sulphate  of  potassium  remains  in  the  retort : 

KNO«  +  H«80*     -     KHSO*  +   HNO«. 

It  was  formerly  the  practice  to  use  only  half  the  quantity  of  sulphuric  add  indicated 
by  the  above  proportion ;  and  in  fiict  when  1  at.  sulphuric  add  is  heated  with  2  at. 
saltpetre,  the  whole  of  the  nitric  acid  is  ultimatdy  given  off;  for  the  decompodtion 
begins  in  the  manner  above  indicated,  the  oil  of  vitriol  acting  upon  half  the  quantity 
of  saltpetre  present,  so  that  1  at.  nitric  acid  is  disengaged,  and  a  mixture  of  nitrate  and 
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And  sulphate  of  potassium  remains  beMnd.  This  first  stage  of  the  reaction  takes 
place  at  a  moderate  heat;  bat  afterwards,  as  the  contents  of  the  retort  attain  a  higher 
temperatpre,  the  acid  sulphate  and  nitrate  act  upon  one  another,  according  to  the  fol- 
lowing equation,  yielding  nitric  acid  and  neutral  sulphate  of  potassium ; 

KHSO*  +   KNO«     -     HNO"  +  K«SO*. 

But  these  proportions  are  not  advantageous,  at  least  when  a  colourless  acid  is  required; 
for  at  the  nign  d^ree  of  heat  attained  in  the  latter  stage  of  the  process,  a  great  portion 
of  the  nitric  add  is  resolyed  into  oxygen  and  nitric  peroxide,  which  being  absorbed  by 
the  acid  first  distilled  over,  conyerts  it  into  red  fumine  nitric  acid. 

2.  From  commercial  Nitrate  of  sodium  or  Chiie  saltpetre, — This  salt,  on  account  of 
its  lower  price,  is  now  generaHy  used  for  the  preparation  of  nitric  acid  on  the  large 
scale.  The  distillation  is  conducted  as  above,  excepting  that  1  molecule  (98  pts.^  of 
oil  of  vitriol  is  sufficient  for  the  decomposition  of  2  molecules  (170  pts.)  of  the  nitre 
(or  66  to  100),  because  the  reaction  takes  place  at  a  lower  temperature  than  with  nitrate 
of  potassium,  so  that  the  heat  never  rises  high  enough  to  decompose  much  of  the  nitric 
add,  and  the  acid  collected  in  the  receivers  has  only  a  pale  yellow  colour.  If  2  at. 
sulphuric  add  are  used  to  2  at.  nitrate  of  sodium,  the  add  must  be  diluted  with  one- 
fourth  its  weight  of  water  to  prevent  the  mass  from  boiling  over.  The  best  proportions 
are  100  pts.  nitrate  of  sodium,  116-7  pts.  of  oil  of  vitriol  and  30  pts.  of  water ;  for  the 
add  sulphate  of  sodium  retains  not  only  1  at.  water,  like  the  potassium-salt,  but  3  at, 
which  it  tends  to  separate  from  the  nitric  add,  so  that  unless  water  is  added,  the  mass 
becomes  solid,  and  the  add  is  partly  resolyed  into  nitric  peroxide  and  oxygen  gas. 
(Wittstein,  Bepert.  Pharm.  Ixiv.  289.) 

Both  potash-  and  soda^nitre  generally  contain  chloride  of  potassium  or  sodium,  which 
at  the  commencement  of  the  process  gives  rise  to  the  evolution  of  a  yellowish-red  mixture 
of  pemitric  oxide  vapour  and  chlorine  eas.  As  however  the  whole  of  the  chlorine  passes 
over  at  the  beginning  of  the  distillation,  an  acid  is  at  length  obtained  perfectly  free 
from  chlorine ;  this  pure  acid  amounts  to  one-half  or  two-thirds  of  the  whole.  It  is 
well  to  change  the  receiver  as  soon  as  the  add  drops,  which  fall  from  the  neck  of  the 
retort,  produce  but  a  slight  turbidity  in  a  solution  of  nitrate  of  silver,  and  again,  when 
they  eease  to  cause  any  turbidity  whatever.  If  the  saltpetre  be  purified  by  repeated 
orystaUisation  from  every  trace  of  chloride,  it  yields  a  perfectly  pure  add  from  the 
commencement. 

The  ordinary  add  may  be  ]purified  by  distillation  with  a  small  quantity  of  saltpetre 
— the  receiver  being  changed  m  the  course  of  the  process.  Add  containing  chlorine 
passes  over  first,  and  afterwards  pure  nitric  add. 

In  order  to  obtain  an  add  as  concentrated  and  as  free  as  possible  from  chlorine  and 
nitric  peroxide,  Millon  distils  it  till  a  third  part  has  passed  over,  and  then  distils  the 
rest  with  an  equal  measure  of  oil  of  vitriol,  the  receiver  being  changed.  The  latter 
distillate  he  purifies,  by  a  second  distillation,  from  the  sulphuric  add  which  comes  over; 
heats  the  distillate  to  the  boiling  point  in  the  bottle  in  which  he  intends  to  preserve  it; 
and  passes  a  continuous  current  of  carbonic  anhydride  through  it»  till  the  add  becomes 
cold,  i^ould  the  specific  gravity  of  the  acid  exceed  15,  the  heating  and  current  of 
carbonic  anhydride  must  be  repeated  once  or  twice,  to  remove  the  whole  of  the  nitric  per- 
oxide. In  this  manner,  a  transparent  and  colourless  add  may  be  obtained  of  spedfio 
gravity  1-521. 

Nitric  add  prepared  from  Chile  saltpetre  often  contains  iodine.  Such  add,  when 
distilled  with  sulphuric  acid,  yields  a  sublimate  of  iodine  after  all  the  nitric  acid  has 
passed  over.  The  iodine  (which  is  in  the  form  of  iodic  add)  may  also  be  detected  by 
reducing  it  with  sulphydric  acid  or  hyposulphite  of  sodium  and  then  testing  with  starcn. 

Non-volatile  impurities,  chiefiy  potassium  or  sodium  salts,  are  occasionally  present 
in  the  add,  having  been  carried  over  by  too  rapid  distillation. 

On  the  large  scide,  the  potash  or  soda  nitre  is  distilled  in  horizontal  cast-iron  cylinders, 
or  similar  vessels,  and  the  add  is  condensed  in  a  series  of  stone-ware  Woulfie's  bottles, 
into  the  last  of  which  a  certain  quantity  of  water  is  poured,  to  effect  complete  conden- 
sation. Formerly,  calcined  green  vitriol  or  moistened  day  was  substituted  for  sulphuric 
add  in  this  process ;  the  greater  part  of  the  acid  then  distilled  over  as  pemitric  oxide, 
which,  when  condensed  by  the  water,  yidded  aquafortis  (Scheidewasser). 

In  some  French  manufactories,  the  generating  vessel  is  connected  with  a  double 
series  of  condensers  by  means  of  a  T-shaped  tube  fitted  with  a  three-way  cock,  so  that 
the  add  vapours  may  be  made  to  pass  into  either  set  of  condensers  at  pleasure,  and 
shut  off  from  the  other.  In  this  way  the  pure  colourless  add  which  distils  over  towards 
the  middle  of  the  process  may  at  once  be  separated  from  the  coloured  neid  which  is 
given  off  at  the  beginning  and  the  end.  For  full  details  respecting  this  and  other 
recent  improvements  in  the  methods  of  distUIation  and  condensation,  see  Richardson 
and  Waits' s  Chtmical  Technology,  vol.  i.  pt.  4,  pp.  337-350. 

The  following  methods  of  preparation  described  byKuhlmann  (B^p.  Chim.  app. 
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1862,  p.  337 ;  Warner's  Jahrefibericht,  1862,  p.  239)  may  perhaps  be  adyantageoufllj 
adopted  under  particular  circamstances. 

0.  By  heating  chloride  of  manganese  with  nitrate  of  sodium,  whereby  a  large  quantity 
of  nitrous  fumes  are  given  off,  and  an  oxide  of  manganese  is  formed  which  may  serre 
for  the  evolution  of  chlorine : 

5MnCl  +   5NaN0«     =     3MnO.Mn«0   +   SNaQ  +   6N0*  +    0. 

The  mixture  of  nitric  peroxide  and  oxygen  coming  in  contact  with  the  water  of  the 
condenser  is  converted  into  nitric  acid,  the  excess  of  nitric  peroxide  being  resolved  at 
the  same  time  into  nitric  acid  and  nitric  oxide. 

d.  By  the  action  of  certain  sulphates  on  the  nitrates  of  potassium  and  sodium.  Sul- 
phate of  manganese  acts  in  a  similar  manner  to  the  chloride ;  the  sulphates  of  zinc, 
magnesium  and  calcium  also  decompose  alkaline  nitrates  when  heated  with  them. 

c.  By  the  action  of  certain  metallic  oxides,  alumina^  and  silica  on  nitrates.  Wo  h  1  e  r 
has  shown  that  when  a  mixture  of  peroxide  of  manganese  and  nitrate  of  sodium  is  mode- 
rately heated  in  a  close  vessel,  caustic  soda  is  formed,  but  no  salt  of  manganic  acid,  and 
large  quantities  of  nitrous  yapouis  are  given  off,  which  may  be  condensed  in  water  as 
above. 

d.  Kuhlmann  (Compt.  rend.  xlvi.  464,  675)  recommends  the  preparation  of  weak 
nitric  acid,  without  distillation,  by  decomposing  a  strong  solution  of  nitrate  of  barium 
(obtained  by  decomposing  nitrate  of  sodium  with  chloride  of  barium)  with  an  equiva- 
lent quantity  of  sulphuric  acid.  The  aqueous  nitric  acid  decanted  from  the  precipitated 
sulphate  of  barium  nas  a  strength  of  10°  or  ll^Baum^  (specific  gravity  1*075 — 1*083), 
and  may  be  concentrated  by  boiling  to  26°  Baum6  (specific  gravity  1*210). 

Preparation  of  Fuming  Nitric  Add. — This  red  mming  liquid,  whicn  consists  of 
strong  nitric  acid  holding  in  solution  a  considerable  quantity  of  pernitric  oxide,  and  is 
a  much  more  powerful  oxidising  agent  than  the  strong  colourless  acid,  is  usually  prepared 
by  distilling  2  at  saltpetre  with  1  at.  of  sulphuric  acid,  so  as  to  obtain  a  residue  of  neutral 
sulphate  of  potassium  (p.  79),  a  consideraole  portion  of  the  evolved  nitric  acid  being 
then  decomposed  by  the  high  degree  of  heat  to  which  the  materials  are  raised  towards 
the  end  of  the  process.  It  may,  however,  be  more  easily  obtained  by  using  the  ordi- 
nary proportions  of  the  ingreoients  H  at.  nitrate  to  1  at  sulphuric  acid),  and  adding 
a  substance  capable  of  reducing  the  nitric  acid  to  the  state  of  nitrous  acid  or  nitric 
peroxide :  the  red  acid  is  then  obtained  from  the  very  beginning  of  the  process. 
Sulphur  may  be  used  for  this  purpose,  but  a  small  portion  of  the  sulphuric  acid  formed 
by  its  oxidation  generally  passes  over  with  the  nitric  acid,  and  must  afterwards  be 
removed  by  rectification.     The  following  is  a  better  method : — 

100  pts.  of  saltpetre  are  triturated  with  3^  pts.  of  starch,  and  the  mixture  is  intro- 
duced into  a  retort^  and  covered  with  100  pts.  of  sulphuric  acid  of  specific  gravity  1*85. 
The  beak  of  the  retort  is  inserted,  without  luting,  into  a  slass  tube  3  or  4  feet  long,  the 
farther  end  of  which  passes  into  an  ordinary  tubulated  receiver,  which  is  kept  very 
cool.  The  distillation  begins  without  extemid  application  of  heat,  requiring  only  veiy 
gentle  warming  towards  the  end ;  100  pts.  of  saltpetre  yield  by  this  process  about  60 
pts.  of  deep  red  fUming  nitric  acid.  It  is  best  to  ml  the  retort  only  to  about  one-third. 
(Brunner,  R^p.  Chim.  app.  iii.  188.) 

Properties, — ^Pure  nitric  acid  is  a  colourless,  transparent,  mobile  liquid,  of  specific 
gravity  1*62.  It  melts  at  —66^  into  a  buttery  mass.  It  boils  at  86°,  with  partial  de- 
composition, leaving  a  weaker  acid  behind.  Its  vapour-density  is  2*268  at  68*5°;  2*373 
at  40*6®  (Play  fair  and  Wanklyn,  Chem.  Soc.  J.  xv.  166) :  calc.  (2  vol.)  «  2183. 
It  exerts  a  highly  corrosive  action  on  organic  bodies,  and  even  when  somewhat  diluted, 
stains  the  nitrogenous  tissues  of  a  bright  orange  colour.  In  the  presence  of  moist  air, 
nitric  acid  gives  off  opaque  white  vapours  havins  a  characteristic  odour  and  sour  taste. 
It  absorbs  water  from  the  air,  but  with  less  avidity  than  sulphuric  acid.  Its  admixture 
with  water  is  accompanied  by  a  sensible  development  of  heat,  and  formation  of  a 
definite  sesqui-hydrate,  2HNO'.3H*0,  which  is  a  colourless  strongly  acid  liquid  having 
a  specific  gravity  of  1*42,  containing  60  per  cent,  of  nitric  anhydride  or  70  per  cent. 
HNO',  and  boiling  according  to  Millon  at  123°,  under  the  ordinary  atmospheric  pres- 
sure. Weaker  and  stronger  acids  are  alike  reduced  to  this  state  of  hydration  by 
boiling,  the  weaker  acids  losing  water  and  the  stronger  acids  the  elements  of  nitric 
anhycbide.  According  to  Roscoe,  however  (Chem.  Soc  Qu.  J.  xiii.  160),  aqueous 
nitric  acid,  which  boUs  constantly  under  the  ordinary  pressure,  contains  68  per  cent. 
HNO*,  which  cannot  be  represented  by  any  simple  atomic  proportion ;  moreover,  as 
with  hydrochloric  acid  (i.  892)  and  other  acids,  the  composition  of  nitric  acid  of 
constant  boiling-point  varies  with  the  pressure  under  which  the  ebullition  takes  place. 
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thovnng  the  ttrength  of  Aqueous  Nitric  acid  according  to  its  Specific  Gravity  at 

15-6*  C.  or  60°  F.     (Uro.) 


Specific 
gravity. 

S^O^  in     1 

100  ptc  by 
weight.     1 

1 

Specific 
gravity. 

N«05  in 

100  pts.  by 

weight. 

Specific 
gravity. 

N5!0*  in 

100  pt«.  by 

weight. 

1 

i    Specific 
gravity. 

N20S  in 

100  pU.  by 

weight. 

1-5000 

79-700    ' 

1-4189 

59-775 

1-2947 

39-850 

1-1403 

19-926 

1-4980 

78-903    ! 

1-4147 

58-978 

1-2887 

39053 

11345 

19128 

1-4960 

78-106 

1-4107 

5S'181 

1-2826 

38-256 

11286 

18-331 

1-4940 

77-309    ' 

1-4065 

57-384 

1-2765 

37-459 

11227 

17-534 

1-4910 

76-512 

1-4023 

56-587 

1-2705 

36-662 

1-1168 

16-737 

1-4880 

75-715 

1-3978 

55-790 

1-2644 

35-865 

1-1109 

15-940 

1-4850 

74-918    ' 

1-3945 

54-993 

1-2583 

35-068 

1-1051 

15-143 

1-4820 

74121 

1-3882 

54196 

1-2523 

34-271 

.    10993 

14-346 

1-4790 

73-324 

1-3833 

53-399 

1-2462 

33-474 

10935 

13-549 

1-4760 

72-527 

1-3783 

52-602 

1-2402 

32-677 

1-0878 

12-752 

1-4730 

71-730 

1-3732 

51-805 

1-2341 

31-880 

1-0821 

11-955 

1-4700 

70-9S3 

1-3681 

51-068 

1-2277 

31-083 

1-0764 

11-158 

1-4670 

70136 

1-3630 

50-211 

1-2212 

30-286 

1-0708 

10-361 

1-4640 

69-339 

1-3579 

49-414 

1-2148 

29-489 

10651 

9-564 

1-4600 

68-542 

13529 

48-617 

1-2084 

28-692 

10595 

8-767 

1-4570 

67-745 

1-3477 

47-820 

1-2019 

27-895 

10540 

7-970 

1-4530 

66-948 

1-3427 

47023 

1-1958 

27098 

10485 

7-173 

1-4500 

66-155 

1-3376 

46-226 

11895 

26-301 

1-0430 

6-376 

1-4460 

65-354 

1-3323 

45-429 

1-1833 

25-504 

1-0375 

5-679 

1-442* 

64-557 

1-3270 

44-632 

11770 

24-707 

10320 

4-782 

1-4.385 

63-760    ; 

1-3216 

43-835 

1-1709 

23-900 

1-0267 

3-985 

1-4316 

62-963    ; 

1-3163 

43-038 

11648 

23113 

10212 

3-188 

1-4306 

62-166    1 

1-3110 

42241 

1-1587 

22-316 

10159 

2-391 

1-4269 

61-369 

1-3056 

41-444 

11526 

21-619 

lOlOS 

1-594 

1-4228 

60-672 

1-3001 

40-647 

1-1465 

20-722 

;    1-0053 

1 

0-797 

The  numbers  in  this  table  were  obtained  by  mixing  known  weights  of  water  and 
nitric  acid  of  specific  gravity  1-600,  which  was  regarded  by  Ure  as  the  strongest  acid 
corresponding  to  the  formula  H-O.N'O*;  but  as  the  true  specific  gravity  of  this  acid  is 
1*52,  the  numbers  probably  require  some  correction. 

Reactions, — Nitric  acid,  especially  when  heated,  is  a  most  powerful  oxidising  ageut, 
and  acts  more  or  less  violently  on  all  the  solid  non-metallic  elements,  converting 
iodine,  sulphur,  selenium,  tellurium,  phosphorus,  arsenic,  boron,  carbon,  and  silicon,  into 
iodic,  sulphuric,  selenious,  tellurous,  phosphoric,  arsenic,  boric,  carbonio,  and  silicic 
acids  respectively ;  also  upon  all  metals  excepting  tantalum,  titanium,  gold,  platinum, 
and  some  of  its  congeners.  Most  metals  are  converted  by  it  into  nitrates,  but  tin,  an^ 
timony,  and  tungsten,  when  heated  with  the  moderately  strong  acid,  are  oxidised  into 
the  insoluble  stannic,  antimonic,  and  tungstic  anhydrides.  The  degree  of  reduction 
which  the  nitric  acid  sustains  in  these  reactions  varies  according  to  the  substance  acted 
upon,  and  according  to  the  strength  and  temperature  of  the  acid.  In  most  cases,  nitric 
oxide  is  set  free,  and  forms  red  fumes  of  nitric  peroxide  on  coming  in  contact  with  the 
air :  hence  nitric  acid  may  generally  be  recognised  by  the  red  fumes  which  it  evolves 
on  coming  in  contact  with  metals  or  other  oxidablo  bodies.  The  reaction  with 
copper  already  described  (p.  68),  may  be  regarded  as  typical  of  the  ordinary 
action  of  nitnc  acid  on  metals.  In  some  cases,  however,  other  oxides  of  nitrogen  are 
evolved.  Finely  divided  charcoal,  drenched  with  strong  nitric  acid,  at  a  tempera- 
ture below  0°,  is  not  oxidised,  but  decomposes  the  nitric  acid,  with  evolution  of 
nitric  peroxide  and  free  oxygen  (Schonbein).  Silver  and  pa//<7c?<U7»  dissolved  in 
nitric  acid  without  heat,  liberating  nitrous  anhydride,  or  nitrous  acid,  which  remains 
in  solution,  so  that  the  reaction  takes  place  without  evolution  of  gas.  Nitrous  an- 
hydride is  also  produced  when  arsenious  anhydride  is  dissolved  in  nitric  acid.  Zinc, 
tin,  and  iron  dissolve  in  the  cold  dilute  acid,  with  production  of  nitrous  oxide,  N'O; 
but  if  a  stronger  acid  is  used,  or  the  temperatiire  rises,  nitric  oxide  is  evolved.  Free 
nitrogen  also  occurs  among  the  products  of  the  violent  action  of  nitric  acid  on  several 
of  the  metals.  Thus,  when  copper  is  dissolved  in  moderately  strong  nitric  acid,  at  an 
increased  temperature,  the  evolved  nitric  oxide  gas  is  contaminated  with  nitrogen  ; 
whenas,  wlien  it  is  dissolved  in  weak  acid,  at  a  low  temperature,  the  gas  is  contami- 
pafed  with  nitrous  oxide.     Nitrogen  is  alno  set  free  when  strong  nitric  acid  is  decom- 
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posed  by  red-hot  charcoal.    The  action  on  sine,  tin,  iron,  and  serenl  other  metals^  is 
attended  with  formation  of  ammonia ;  thns : 

9HN0»  +   4Zzn     -     4Zzn'N«0«  +  3H«0  +  EPN. 

Nitric  acid  conTerts  araenites  into  arsenates,  ferrous  into  ferric,  and  stannous  into 
stannic  salts.  In  the  concentrated  state,  it  rapidly  oxidises  sulphurous  into  sulphuric 
acid,  and  sulphydric  acid  into  water  and  pure  sulphur ;  but  witn  weak  nitric  acid,  free 
from  nitrous  acid,  this  action  is  very  graaual ;  indeed,  pure  nitric  acid  is  altogether  a 
less  powerful  oxidiser  than  that  which  contains  ^itrous  add  or  nitric  peroxide  in 
solution. 

'   Hydriodic  acid  and  the  iodides  are  decomposed  by  nitric  acid,  with  liberation  of 
iodine  and  nitric  oxide : 

3HI  +  HNO"     «     2H«0   +  I»  +  NO. 

Hydrochloric  and  nitric  acids,  heated  together,  decompose  one  another,  yielding 
dichioride  of  nitrosyl,  water,  and  free  chlorine : 

3HC1  +  HNO«     -    NOa*  +  2H«0  +  CI. 

Nitric  acid  acts  with  great  energy  on  most  organic  bodies^  the  kind  of  action  varying 
according  to  the  strength  of  the  acid  and  the  temperature.  Dilute  or  moderately  strong 
nitric  acid  generally  exerts  an  oxidising  action,  especially  if  the  temperature  is  allowed 
to  rise,  the  final  products  being  in  most  cases  oxalic,  formic,  and  acetic  acids,  or  if  the 
action  be  pushed  to  the  utmost,  carbonic  anhydride  and  water:  picric  acid  is  also  a 
frequent  ultimate  product ;  resinous  bodies  are  frequently  converted  by  nitric  acid  into 
succinic  acid.  The  intermediate  products  are  very  numerous,  varying  according  to  the 
sabstance  acted  upon :  indigo  C"H^NO,  ^elds  isatin  C*H"NO';  sugar  yields  saccharic 
acid ;  gum  and  milk-sugar  yield  mucic  acid :  oleic  acid  yields  a  number  of  acids  of  the 
series  OH*»0«,  and  OH*»«0*  (see  Gmdin's  Handbook,  vii.  1 22).  The  strongest  pure  nitric 
acid,  especially  if  rise  of  temperature  be  prevented,  acts  for  the  most  part  in  a  different 
way,  displacing  one  or  two  atoms  of  hydrogen  in  the  compound,  and  introducing  an 
eqim  number  of  atoms  of  nitr^l,  NO^  in  their  place :  thus  with  benzene,  C*H*,  it  forms 
nitrobenzene,  C^»(NO«);  with  phenol,  C«H«0 ;  nitrophenol,  C«H»(NO«)0,  dinitro- 
phenol,  C«H*(N02)*0,  and  trinitrophenol  or  picric  acid,  C«H"(NO«)«0 ;  with  cellulose^ 
C«H'«0»,  it  forms  trinitro-cellulose,  C^'(NO«)«0,  &c. 

The  industrial  uses  of  nitric  acid  depend  upon  both  these  modes  of  action.  It  is  the 
most  frequent  solvent  of  metals,  and  is  used  by  engravers  for  etching  designs  on  copper- 
plates ;  also  for  etching  on  steel  and  stone.  The  cleansing  of  copper  and  bronze,  the 
refining  and  assaying  of  gold  and  silver,  the  preparation  of  the  nitrates  of  copper,  silver, 
and  mercury,  and  numerous  analytical  operations  connected  with  manufactures,  depend 
also  upon  the  oxidising  and  solvent  action  of  nitric  acid.  A  mixture  of  nitric  and 
hydrochloric  acids  forms  aqua  reoia  or  nitro-muriatic  acid,  used  for  dissolving  gold, 
platinum,  and  other  metals,  and  alloys  not  attacked  by  nitric  acid  alone.  The  prepa« 
ration  of  oxalic  acid  and  of  picric  acid,  now  extensively  used  as  a  yellow  dye  for  silk; 
likewise  depends  upon  the  oxidising  action  of  nitric  acid.  This  last  substance  is  how- 
ever likewise  formed,  as  above  mentioned,  by  the  action  of  very  strong  nitric  acid  on 
phenol  or  carbolic  acid,  which  is  an  action  of  substitution.  The  preparation  of  nitro- 
benzene for  the  manufacture  of  aniline,  and  that  of  gun-cotton,  are  also  industrial 
applications  of  nitric  acid  of  daily  increasing  importance. 

mtrates*  The  normal  nitrates  are  monometallic,  e.g.  nitrate  of  potassium  KNO*, 
nitrate  of  copper  Cu'T^'O^,  nitrate  of  bismuth  Bi"'N»0*,  the  general  formula  being 
R(B)N»0*''  or  K(„)0".nN*0*,  the  symbol  R(o)  denoting  an  n-atomic  radicle.  There 
are  also  basic  nitrates,  most  of  which  are  derivable  from  the  normal  nitrates  by 
addition  of  1  or  2  molecules  of  oxide,  and  may  be  represented  by  the  general  formubi 
B(B,»N-0*";  e.g, 

Basic  nitrate  of  Mercuioeum  Hiig*HNO*  -»  HhgNO*.HhgHO 

Basic  nitrate  of  Mercuricum  Ag«N«0«    «;Hhg'T^»0«.2Hhg''0 

Basic  nitrates  of  Lead         .        .        .       ff^'^      -  PrNK)-.2Pb''0 

Z       \    ^  Bi"'N'0».fe«0». 
orBiNO^ ) 

These  basic  nitrates  might  be  called  orthonitrates,  being  related  to  the  noxmal 
nitmtes  in  the  same  manner  as  the  orthophosphates,  K(n)IK)*",  to  the  metaphosphates, 
B(„)V"0'";  they  are,  however,  the  exception^  salts,  whereas  amongst  the  salts  of 
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phosphoric  acid,  the  oithophosphates  are  the  ordinavj,  and  the  metaphosphates  the 
exceptional  salts. 

Occurrence  and  formation  of  Nitrates. — Several  nitrates  occur  in  nature.  Nitrate  of 
sodium,  or  cuhic  nitre,  exists  in  distinct  layers  or  beds  beneath  the  superficial  soil  in 
many  partB  of  Chile  and  Peru.  Nitrate  of  potassium,  or  prismatic  nitre,  occurs  as  an 
efflorescence  on  the  surface  of  the  soil  in  various  parts  of  India,  especially  in  the 
district  of  Tirrhtit  in  BengaL  Nitrate  of  calcium  is  produced  artificially  in  several 
countries  of  Europe  by  mixing  decomposing  vegetable  and  animal  matters  with^cinders, 
chalk,  mari,  &c.,  moistening  the  masses  repeatedly  with  urine,  exposing  them  freely 
to  the  air  for  two  or  three  years,  and  lixiviating.  A  similar  formation  of  nitrates 
ooeors  in  the  so-called  saltpetre  rot,  or  efflorescence  which  sometimes  occurs  upon  the 
old  walls  of  stables  and  other  badly  drained  buildings.  Nitrates  are  formed  wherever 
Ditrogenised  oreanic  matf-ers  in  contact  with  earthy  carbonates  or  other  bases  axe  freely 
acted  upon  by  ttie  air.  Lumps  of  chalk  moistened  with  weak  ammonia  and  exposed  to 
the  air  have  been  found  to  yield  nitrate  of  calcium  ;  but  it  is  doubts  whether  the 
production  of  ammonia  is  a  necessary  stage  in  the  process  of  nitrification.  The 
shallow  well-waters  of  towns  nearly  always  contain  nitrates,  from  contamination  with 
sewer  or  cesspool  drainage,  &c  But  many  natural  waters  obtained  from  strata  con- 
taining very  little  oisanic  matter  have  also  been  found  to  contain  nitrates.  Hence 
it  has  been  inferred  that  these  salts  might  be  produced  directly  from  the  free  nitrogen 
and  oxygen  gases  dissolved  in  the  water,  the  porous  beds  through  which  it  filters 
serving  to  effect  the  combination  by  an  action  resembling  that  of  spongy  platinum.  It 
must  be  borne  in  mind,  however,  that  rain-water  always  contains  carbonate  and  nitrate 
of  ammonium,  and  that  these  ammoniacal  salts  may  be  the  real  sources  of  the  nitrates 
found  in  the  waters.  Nitrates  are  found  in  the  juices  of  plants,  particularly  in  tho^e 
with  large  fleshy  tuberose  roots,  and  are  probably  acquired  from  the  soil  by  direct 
imbibition. 

The  nitrates  of  potassium  and  sodium  are  obtained  in  a  state  of  purity  by  frequently 
recnrstallising  the  native  salts.  Nitrate  of  potassium  is  also  obtained  by  decomposing 
crade  nitrate  of  calcium  with  wood-ashes,  and  by  decomposing  nitrate  of  sodium  with 
chloride  of  potassium.  The  other  metallic  nitrates  are  prepared  by  dissolving  different 
metals,  their  hydrates,  oxides,  or  carbonates  in  aqueous  nitric  acid,  and  crystallising  by 
evaporation. 

Properties. — ^Most  nitrates  are  crystalline  salts.  The  normal  nitrates  are  all  soluble 
in  water ;  their  solutions  are  for  the  most  part  neutral,  and  have  a  cooline  saline  taste. 
The  ciystallised  nitrates  of  ammonium,  potassium,  sodium,  barium,  strontium,  lead,  and 
silver  are  anhydrous ;  that  of  raercurosum  is  monohydrated,  Hhg'NO'.H'O ;  those  of 
cadmium,  calcium,  and  probably  strontium  are  tetrahydrated,  e.g.  Gca"N*0'.4H^0 ; 
and  those  of  magnesium,  zinc,  cobalt,  nickel,  iron,  manganese,  copper,  and  uranyl,  hex- 
hydrated,  e.ff.  Ccu"N«0».6H*0.  Copper  also  forms  a  trihydrated  salt^  Ccu"N'0«.3H20. 
Host  nitrates  fuse  readily,  and  all  decompose  when  strongly  heat^.  The  nitnites  of 
the  highly  basylous  metals  at  first  give  off  nearly  pure  oxygen,  and  are  converted  into 
nitrites,  afterwards  a  mixture  of  oxygen  and  nitrogen  gases,  together  with  some 
nitric  peroxide.  Other  nitrates,  which  decompose  at  a  lower  temperature,  those  of 
mercury,  lead,  and  silver,  for  instance,  evolve  a  mixture  of  nitric  peroxide  and  oxygen. 
A  few  still  more  easily  decomposible  hydrated  salts,  the  trinitrates  of  aluminium  and 
bismnth,  for  instance,  evolve  unaltered  nitric  acid.  Ignited  nitrate  of  silver  leaves  a 
residue  of  metallic  silver;  but  most  normal  nitrates  when  strongly  heated,  leave  residues 
of  oxide  analogous  in  composition  to  original  salt ;  thus  cupric  nitrate,  Cu^N'^O', 
leaves  cupric  oxide,  Cu^O ;  tri-nitratc  of  bismuth,  Bi"'N"0*,  leaves  trioxide  of  bismuth, 
Bi'^H)';  ferrous  and  manganous  nitrates,  however,  leave  oxides  richer  in  oxygen  than 
those  which  correspond  to  the  original  salts,  viz.  Ffe^O*  and  Mmn'O^.  Nitnites  heated 
with  combustible  bodies  produce  a  more  or  less  riolent  deflagration  or  explosion.  The 
acid-forming  bodies,  metallic  or  non-metallic,  when  deflagrated  with  nitre,  leave 
potassium-  or  sodium-salts  of  their  respective  acids ;  e.ff.  selenium  i^ited  with  nitrate 
of  potassium  forms  selenate  of  potassium,  K^SeO* ;  manganese  yields  manganate  of 
potassium,  EI'Mmn''0*. 

Reactions  servina  for  the  detection  of  Nitric  acid. — 1.  All  nitrates  are  decomposed  by 
sulphuric  acid,  witn  liberation  of  nitric  acid,  the  fumes  of  which  produce  a  purple  dis- 
coloration on  starek-paper  moistened  with  iodide  of  potassium. — 2,  In  contact  with 
metallic  copper  (wire  or  turnings)  the  nitric  acid  is  reduced  to  nitric  oxide,  which  forms 
orange-eoloured  fumes  in  the  vessel  above  the  liquid. — 3.  Sulphuric  acid  to  which  a 
fragment  or  solution  of  a  nitrate  is  added,  acquires  the  property  of  bleaching  indiao. — 
4.  When  a  solution  of  a  nitrate  is  mixed  in  a  test-tube  with  strong  sulphuric  aoio,  the 
mixture  left  to  cool,  and  a  strong  solution  ot  ferrous  sulphate  or  chloride  continually 
poured  upon  it,  so  as  to  float  on  the  surface,  the  iron  solution  quickly  acquires  a  dnrk- 
Diown  colour  arising  from  the  formation  of  the  compound  of  nitric  oxide  with  the 
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ferrous  salt  already  mentioned  (p.  C9). .  If  only  a  very  small  quantity  of  nitmte  is 
present,  a  rose-coloured,  purplish-brown,  or  dark  brown  ring  is  formed  at  the  surface 
of  contact  of  the  two  liquids.  This  reaction  is  extremely  delicate ;  in  applying  it, 
however,  care  must  be  taken  to  cool  the  liquid  before  pouring  in  the  iron  solution, 
because  the  dark  brown  compoimd  is  decomposed  by  heat,  nitric  oxide  being  evolved 
and  the  colour  destroyed.  —  6.  When  a  solution  of  a  nitrate  is  mixed  with  a  few  drops 
oi  ferrocyanide  of  potassium^  then  with  a  small  quantity  of  hydrochloric  acid,  ihe  liquid 
heated  to  71^,  and  slightly  supersaturated  on  cooling  with  an  alkaUne  carbonate, 
a  nitroferricyanide  of  alkali-metal  (ii.  250)  is  formed,  and  the  filtered  liquid,  when 
mixed  with  a  few  drops  of  sulphide  of  ammonium  or  other  alkaline  sulphide,  exhibits  a 
transient  purple  or  violet  colour  (E.  W.  Davy,  Chem.  Gaz.  1860,  p.  219). — 6.  Nitrates 
heated  with  excess  of  hydrochloric  acid  give  oflC  chlorine,  which  may  be  recognised  by  its 
odou?  and  its  bleaching  powers;  also  by  the  power  which  the  solution  acquires  of 
dissolving  gold  leaf. 

7.  When  nitrate  of  potassium  or  sodium  is  heated  with  sine,  water^  and  excess  of 
potash^  ammonia  is  evolved,  its  formation  arising  from  the  union  of  the  nitrogen  con- 
tained in  the  salt  with  the  hydrogen  evolved  by  the  action  of  the  zinc  on  the  potash- 
solution.  This  method  does  not^  however,  effect  a  complete  decomposition  of  the  nitric 
acid ;  and  if  applied  to  a  liquid  containing  only  small  quantities  of  that  acid,  would 
not  give  certain  indications.  But  it  may  be  greatly  facilitated  and  rendered  complete, 
by  tlie  introduction  of  another  metal  not  acted  upon  by  the  potash,  so  as  to  form  a  vol- 
taic circuit.  Thus,  when  zinc  and  iron  are  placed  together  in  a  moderately  strong 
solution  of  caustic  potash,  hydrogen  is  freely  disengaged,  even  without  the  application 
of  heat,  the  zinc  being  oxidised  and  the  hydrogen  evolved  at  the  surface  of  the 
iron.  A  similar  effect  is  observed  if  platinum,  copper,  or  tin  be  substituted  for  the 
iron ;  but  with  these  metals  the  action  is  less  energetic.  The  addition  of  a  nitrate 
to  the  liquid  is  followed  by  an  immediate  evolution  of  ammonia.  To  apply  this 
reaction  to  the  detection  of  nitric  acid,  the  liquid  to  be  examined  is  reduced 
to  a  small  bulk  and  poured  into  a  test-tube  containing  2  or  3  grammes  of  a  mixture 
of  granulated  2ine  and  clean  iron-filings.  A  small  quantity  (5  or  6  cub.  cent.)  of 
strong  potash-solution  is  then  added,  and  the  whole  is  heated  to  boiling.  Ammonia 
may  then  be  detected  at  the  mouth  of  the  tube  by  its  usual  characters,  viz.  its  odour, 
its  alkaline  reaction,  and  the  formation  of  dense  white  fumes  when  a  rod  dipped  in 
dilute  hydrochloric  acid  is  held  near  tlie  mouth  of  the  tube ;  b  miilignimmes  of  nitm 
thus  treatevl'give  a  distinct  reaction  with  reddened  litmus.  The  delicacy  of  the  test 
may  be  greatly  increased  by  the  use  of  potaseio-iodide  of  mercury  (the  solution  obtained 
1)y  adding  iodide  of  potassium  to  corrosive  sublimate  till  the  scarlet  precipitate  first 
fiirmcd  just  redifisolves),  which  produces  a  red  or  brown  precipitate,  according  to  the 
quantity  of  ammonia  present.  The  mixture  should  be  gently  heated,  and  the  evolved 
gases  passed  into  a  small  quantity  of  dilute  hydrochloric  acid.  The  acid  solution  is 
then  to  be  supersaturated  with  potash,  and  tested  with  a  drop  of  potassio- iodide  of 
mercury ;  0-001,  0*0005,  and  even  O'OOOl  gramme  of  saltpetre  thus  treated  gives  a 
distinct  red  coloration  (A.  Vernon  Harcourt,  Chem.  Sog.  J.  xv.  381  J.  Schulze 
(Chem.  Centralblatt,  No.  53)  procoedB  in  a  similar  manner,  but  uses  platinised  zinc  in 
place  of  the  mixture  of  zinc  and  iron. 

This  method,  wliich  may  be  used  also  for  the  quantitative  estimation  of  nitric  acid 
(p.  89),  serves  to  distinguish  that  acid  from  all  others  excepting  nitrous  acid. 

8.  Strong  nitric  acid  converts  oAeno/  (or  carbolic  acid)  into  reddish-brown  nitro-phe- 
nol.  To  apply  this  reaction  totne  detection  of  nitric  acid,  1  pt  of  phenol  is  dissolved 
in  4  pts.  of  strong  sulphuric  acid,  and  the  solution  is  diluted  with  2  pts.  of  water.  The 
substance  to  be  tested,  if  in  solution,  is  evaporated  on  a  porcelain  crucible  or  its  cover, 
and  a  drop  or  two  of  the  phenyl-sulphurfc  acid  is  allowed  to  fall  upon  it  at  a  tempera-  . 
ture  of  about  100^.  If  nitric  acid  is  present,  a  reddish-brown  colour  is  immediately  1 
produced.  This,  test  is  said  to  be  more  delicate  than  that  with  ferrous  sulphate, 
having  given  a  distinct  indication  of  the  presence  of  nitric  acid  in  the  residue  of  a  drop 
of  water  not  containing  more  than  0-000006  gramme  of  saltpetre,  whereas  four  such 
drops  were  not  sufficient  to  give  a  perceptible  indication  with  the  iron  test^  If  organic 
matters,  or  compounds  of  chlorine,  bromine,  or  iodine  are  likewise  present,  from  which 
sulphuric  acid  would  separate  carbon  or  the  haloids,  it  is  best  to  add  a  drop  or  two  of 
strong  ammonia  to  the  coloured  product^  when  the  haloids  will  be  dissolved  in  the  form 
of  colourless  salts,  and  the  carbon  will  remain  suspended  in  small  particles,  not  inter- 
fering with  the  recognition  of  the  characteristic  yellow  colour  of  nitrophenylate  of 
ammonium.     (H.  Sprengel,  Chem.  Soc.  J.  xvL  396.) 

All  the  reactions  above  described  are  exhibited  by  nitrous  as  well  as  by  nitric  acid, 
and  even  with  greater  facility,  for  the  nitiites  are  more  easily  decomposible  than  the 
nil  rat  fs,  and  nitrous  acid,  though  it  contains  less  oxygen,  is  a  more  powerful  oxidising 
agent  than  nitric  acid.      The  nitrites  are  however  distinguished  from  nitrates  by  the 
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reactions  already  described  (p.  71).  According  to  D.  Price  (Chem.  Soc.  J.  iv.  251), 
nitric  acid  free  from  nitrous  acid  does  not  decompose  iodide  of  potassium  or  produce  a 
brown  coloration  with  ferrous  salts,  or  decolorise  iudigo,  these  effects  being  produced 
only  after  a  portion  of  the  nitric  acid  has  been  reduced  to  nitrous  by  warming  with 
sulphuric  acid.  The  reactions  with  indigo  and  hydrochloric  acid  (3  and  6)  are  likewise 
produced  by  the  oxygen-salts  of  chlorine,  bromine  and  iodine,  but  these  salts  are  easily 
distinguished  from  nitrates  and  nitrites  by  the  fact  that  they  leave  when  ignited  a 
residue  of  chloride,  bromide,  or  iodide  of  silver ;  also  by  their  reaction  with  nitrate  of 
silver  and  many  others. 

Quantitative  Analysis  of  Nitrates.    Estimation  of  Nitric  acid. 

L  Gbatikbtric  jfBTHODS.  1.  By  neutralisation  with  Baryta. — The  quantity  of  fi-ee 
nitric  acid  in  an  aqueous  solution  may  be  determined  by  agitating  the  liquid  with 
carbonate  of  barium  till  the  acid  is  completely  neutralised,  then  filtering,  evaporating 
to  dryness,  taking  care  not  to  heat  the  residue  too  strongly,  and  weighing  the  dry 
nitrate  of  barium  thus  obtained.  100  parts  of  this  salt  correspond  to  41*39  parts 
N«0».  and  4828  parts  H'N»0«. 

Or,  the  solution  of  nitrate  of  barium  may  be  decomposed  by  sulphuric  acid,  the  pre- 
cipitated sulphate  of  barium  weighed,  and  the  equivalent  quantity  of  nitric  acid 
thence  determined.  100  parts  Ba'SO*  «  46-36  parts  N*0*,  and  6408  parts 
H'N'O*. 

If  the  solution  of  nitric  acid  is  very  dilute,  so  that  it  decomposes  carbonate  of 
barium  but  slowly,  it  is  better  to  neutralise  with  baryta-water,  then  pass  carbonic 
anhydride  through  the  liquid,  to  remove  any  excess  of  baryta,  filter,  and  treat  the 
filtoped  solution  of  nitrate  of  barium  as  above. 

When  nitric  acid  is  combined  with  a  base,  it  may  be  liberated  by  distilling  a 
solution  of  the  salt  with  sulphuric  acid,  in  the  proportion  of  at  least  1  at.  sulphuric 
acid  (H^O^)  to  1  at.  of  the  nitrate.  The  mixture,  which  should  be  rather  dilute,  is 
distilled  ftom  a  tubulated  retort  into  a  receiver  provided  with  efficient  means  of  con- 
densation, the  distillation  being  carried  nearly  to  dryness.  After  the  residue  has 
cooled,  more  water  is  added,  and  the  distillation  is  repeated  with  a  fresh  receiver. 
The  quantity  of  nitric  acid  in  the  united  distillates  is  then  detennined  by  neutralisation 
with  baryta,  as  before.  With  the  proportion  of  sulphuric  acid  above  indicated,  and  a 
considerable  quantity  of  water,  there  is  no  reason  to  fear  the  reduction  of  any  portion 
of  the  nitric  acid  to  a  lower  oxide  of  nitrogen. 

The  residue  in  the  retort  serves  for  the  estimation  of  the  base.  In  the  case  of  the 
stronger  bases,  viz.  the  alkalis  and  alkaline  earths,  whose  sulphates  can  sustain  a  red 
heat  without  decomposition,  this  residue  may  be  heated  till  all  the  excess  of  sul- 
phuric add  is  driven  off,  the  expulsion  of  the  last  portions  being  facilitated  by  placing 
a  piece  of  carbonate  of  ammonia  in  the  crucible.  A  neatral  sulphate  then  remains,  from 
which  the  quantity  of  base  may  be  calculated,  and  this,  deducted  from  the  total  weight 
of  the  anhydrous  nitrate,  gives  also  the  quantity  of  nitric  anhydride.  The  weaker 
bases  whose  sulphates  are  decomposed  by  ignition,  must  be  determined  by  precipitation 
in  the  manner  specially  adapted  to  each. 

Th^  following  methods  of  separating  nitric  acid  from  bases  may  also  be  adopted  in 
particular  cases. 

Nitrates  whose  bases  are  precipitated  by  baryta-water  and  are  insoluble  in  excess  of 
that  reagent,  may  be  analysed  by  boiling  them,  either  in  the  solid  state  or  in  solution, 
with  excess  of  baryta* water,  then  filtering,  removing  the  excess  of  barj'ta  by  carbonic 
anhydride^  and  determining  the  quantity  of  nitrate  of  barium  in  the  filtrate  as 
above. 

Some  nitrates,  as  those  of  lead,  copper,  bismuth,  &c.,  may  be  decomposed  by 
sulphydric  acid,  the  metal  being  precipitated  as  sulphide,  care  being  taken  to  dilute 
the  solution  and  not  to  use  a  large  excess  of  sulphydric  acid :  otherwise  sulphur  may 
be  precipitated,  and  part  of  the  nitric  acid  converted  into  ammonia.  The  filtrate, 
containing  the  whole  of  the  nitric  and  a  small  quantity  of  sulphydric  acid,  is  mixed 
with  baiyta-water ;  a  stream  of  carbonic  anhydride  is  then  passed  through  it<,  to  pre- 
cipitate Uie  excess  of  baryta  and  expel  the  sulphydric  acid ;  the  liquid  again  filtered ; 
and  the  filtered  solution  of  nitrate  of  barium  treated  as  above. 

In  other  cases,  the  bases  may  be  precipitated  by  an  alkaline  sulphide,  best  with 
sulphide  of  barium.  The  liquid  filtered  from  the  precipitated  metallic  sulphide  then 
contains  nitrate  of  barium  and  excess  of  sulphide  of  barium,  and  may  be  treated  in  the 
manner  just  described. 

From  nitrate  of  barium,  the  base  may  be  precipitated  by  sulphuric  acid ;  from  the 
nitiates  of  strontittm  and  calcium,  by  sulphuric  acid  and  alcohoL  The  filtrate  is 
neutralised  with  baryta-water,  and  the  nitric  acid  determined  as  above. 
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From  the  nitrates  of  ammoniura,  pota&siam,  sodiunii  lithinm,  and  magnesinniy 
the  acid  is  most  easily  separated  by  distiJIation  with  sulphuric  acid,  as  already 
described. 

2.  By  the  loss  of  weight  sustained  hy  NitraUs  on  ignition. — All  nitrates  are  decom- 
posed by  heat,  the  nitrogen  being  wholly,  the  oxygen  sometimes  partly  and  sometimes 
wholy  expelled,  and  the  base  remaining  either  as  an  oxide  or  as  metiU.  Silver,  pal- 
ladium, and  other  noble  metals  are  left  in  the  metallic  state  when  their  nitrates  are 
heated  to  redness ;  lead,  bismuth,  copper,  cadmium,  zinc,  nickel,  magnesium  and  one  or 
two  of  the  rarer  metals,  remain  as  protoxides,  M."0.  In  the  former  case,  if  the  salt  is 
anhydrous,  the  loss  of  weight  sustained  on  ignition  consists  of  N*0*,  in  the  latter  of  N*0* ; 
but  in  many  cases,  as  with  the'proto- salts  of  iron,  cobalt,  and  manganese,  the  result  ia 
complicated  by  the  formation  of  an  oxide  of  higher  degree  of  oxidation  than  that  which 
may  be  supposed  to  exist  in  the  original  salt  The  nitrates  of  the  alkali-metals  and 
alkaline-earth-metals  part  with  the  whole  of  their  nitric  anhydride  when  Tciy  strongly- 
ignited,  leaving  the  bases  M*0  or  M"0 ;  but  these  bases  can  scarcely  be  prevented 
from  absorbing  small  quantities  of  carbonic  acid  from  the  air  during  the  process,  or  as 
they  cool ;  moreover,  they  attack  all  vessels  in  which  the  ignition  can  be  performed, 
uniting  partly  with  their  substance ;  hence  the  amount  of  acid  in  these  nitrates  cannot 
be  conveniently  determined  by  ignition. 

According  to  S  chaff  go  tsch,  the  amount  of  acid  in  a  nitrate  may  be  easily  deter- 
mined by  igniting  a  finely  pulverised  mixture  of  the  salt  with  anhydrous  borax  in  a 
platinum  crucible,  taking  care  to  raise  the  heat  gradually.  The  loss  of  weight  then 
gives  the  amount  of  nitric  anhydride. 

Reich  (J.  pr.  Ghem.  Ixxxiii.  262)  estimates  the  amount  of  nitric  add  in  alkaline 
nitrates  by  igniting  them,  mixed  with  from  4  to  6  times  their  weight  of  pounded 
quartz;  the  loss  of  weight  then  also  gives  directly  the  quantity  of  anhydride,  N'O*. 

3.  By  conversion  of  nitrates  into  chlorides. — ^The  nitrates  of  the  alkali-metals  and 
alkaline-earth-metals  may  be  converted  into  neutral  chlorides,  of  perfectly  definite 
composition,  by  igniting  tnem  in  a  covered  platinum  crucible  with  excess  of  chloride  of 
ammonium,  as  long  as  fumes  of  sal-ammoniac  continue  to  escape,  the  operation  being 
repeated  till  the  weight  of  the  residual  chloride  becomes  constant.  The  quantity  of 
base  is  then  determined  by  calculation,  and  ftom  this,  the  quantity  of  nitric  add  in  the 
salt. 

The  chlorides  of  most  of  the  heavy  metals  suffer  partial  decomposition  when  ignited, 
especially  in  contact  with  moisture. 

4.  Bif  the  action  o/Arsenious  anhydride. — Nitric  add  converts  arseniouB  into  arsenic 
anhydride,  according  to  the  equation, 

As«0»  +   2HN0*     =     As«0»  +  2HN0*. 

Ilence  for  every  molecule  of  arsenic  anhydride  produced,  two  molecules  of  nitric  add 
( HNO*)  must  be  decomposed.  To  apply  this  reaction  to  the  estimation  of  nitric  acid,  the 
salt  to  be  analysed  (which  must  not  contain  lime  or  phosphoric  acid)  is  mixed  with  three 
times  its  weight  of  arsenious  anhydride ;  the  whofe  dissolved  in  strong  hydrochloric 
acid;  the  solution  evaporated  to  dryness;  ammonia  added  in  excess;  and  the  arsenic 
predpitated  by  addition  of  sal-ammoniac  and  sulphate  of  magnesium,  as  a7itmonio-mag' 

nesian  arsemaie,  which,  when  dried  at  100®,  hasthe  composition  (NH*)*Mmg*As*0».H*0. 
From  the  weight  of  this  salt,  the  amount  of  nitric  add  is  calculated  by  the  proportion, 

(NHO'Miig'As'O'.H'O  :  2HN0*     »    372  :  126. 

Estimation  of  Water  in  Nitrates. — In  thehydnated  nitrates  of  the  stronger  bases,  the 
amount  of  water  is  easily  determined  by  heating  them  to  100^,  the  water  being  then 
completely  exi>elied  without  any  loss  of  add.  But  the  nitrates  of  the  weaker  bases 
cannot  bear  this  temperature  without  decomposition,  and  in  these  the  water  must  be 
determined  at  the  same  time  as  the  nitrogen,  by  igniting  the  nitrate  in  a  combustion- 
tube,  at  the  open  end  of  which  is  placed  a  quantity  of  copper  turnings,  and  attaching 
to  the  combustion-tube  a  drying  tube  containing  chloride  of  caldum,  in  the  same  man- 
ner as  for  oiffanic  analyses.  On  heating  the  tube,  the  water  and  nitric  anhydride  are 
driven  off;  the  water  collects  in  the  chloride  of  caldum  tube,  the  increase  of  weisht 
of  whidi  determines  its  quantity ;  and  the  nitric  anhydride  is  reduced  by  the  red-hot 
copper  to  pure  nitrogen,  which  passes  on  and  may  be  collected  over  mercuxy  and 
measured. 

Separation  of  Nitrates  from  Chlorides, — ^All  chlorides  containing  metals  which  form 
insoluble  phosphates,  may  be  separated  fi^om  nitrates  by  heating  the  solution  containing 
them  with  phosphate  of  silver.  A  trace  of  that  salt,  which  remains  in  solution,  may 
l>e  easily  determined,  and  in  some  cases  separated  by  means  of  alcohol.  Lassaigne 
has  employed  this  method  for  separating  the  chlorides  of  magnesium  and  cakium  firom 
the  corresponding  nitrates  in  well-waters. 
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In  some  caaeA,  carbonate  of  silver  is  a  more  conTenient  precipitant  than  the  phos- 
phate, espedallj  for  separating  the  chlorides  of  the  alkaline  earth-metals  and  of  mag- 
nesiiim  from  the  corresponding  nitrates.  In  other  cases,  howeyer,  the  carbonate  can- 
not be  used,  because  a  great  number  of  oxides  are  precipitated  by  it. 

The  chlorides  of  the  alkali-metals  cannot  be  separated  from  the  nitrates  by  this 
method,  because  the  phosphates  of  those  bases  are  soluble.  The  method  most  generally 
adopted  for  estimating  the  qiuntity  of  chlorides  contained  in  alkaline  nitrates,  especially 
in  crude  saltpetre,  is  to  precipitate  the  chlorine  by  nitrate  of  silver,  and  determine  its 
amount,  either  l^  coUecting  and  weighing  the  precipitate,  or  by  the  volumetric  method 
with  ehiomate  of  potassium  (i.  266). 

n.  VoLXJifBTBic  XBTHODS.  1.  By  neutralisation.  See  Analysis,  Volumetbic 
(i.  261). — ^If  sulphuric  acid  is  the  standard  acid  used,  and  the  number  of  burette  divi- 
sions of  the  standard  alkaline  solution  required  to  neutralise  equal  weights  of  the 
standard  sulphuric  acid  and  of  the  nitric  acid  to  be  tested,  are  denoted  by  p  and  p\ 
then  the  quantity  of  nitric  acid  (HNC)  contained  in  100  parts  by  weight  of  the  acid 
under  examination  is  given  by  the  formuhi 

«  -  100    .    ~     .    ?,    -    128-67    *, 
49  jp  p 

If  for  example  p  »  22  and  p'  »  50^  then  x  »  56*5,  or  100  grammes  of  the  acid 
contain  56*5  grammes  of  real  nitric  acid.  The  percentage  of  nitric  anhydride  will  be 
found  by  substituting  54  for  63  in  the  preceding  formula. 

2.  Bv  the  oxidation  of  Ferrous  salts  (Pelouze's  process). — ^A  ferrous  salt  healed 
with  mtric  acid  is  converted  into  a  ferric  salt,  with  evolution  of  nitric  oxide,  every 
3  at.  iron  (Ffe  »  56)  thus  further  oxidised  corresponding  to  1  at.  nitric  acid  decom- 
posed: 

6FfeO   +  2HN0«     -     3Ffe»0»  +   2N0  +   H«0. 

A  quantity  of  pure  iron  (harpsichord  wire),  more  than  can  be  converted  into  ferric 
oxide  by  the  nitxic  acid  to  be  estimated,  is  dissolved  in  excess  of  hydrochloric  acid,  con- 
tained in  a  long-necked  flask ;  a  known  weight  of  the  nitric  acid  or  nitrate  to  be  tested  is 
then  added,  and  the  whole  boiled  Ull  the  liquid  acquires  a  clear  yellow  colour.  It  is  then 
diluted  with  water,  and  the  excess  of  iron  still  present  as  ferrous  salt  is  estimated  by 
means  of  a  standard  solution  of  permanganate  of  potassium,  as  described  iinder 

A1IAI.Y8IB,  VOLUMBTAIC  (i.  263). 

This  process  is  well  Adapted  for  analysing  mixtures  of  sulphuric  and  nitric  acids 
used  in  the  manufacture  of  gun-cotton,  for  mixtures  of  nitric  acid  with  water,  and  is 
much  used  for  the  valuation  of  saltpetre.  To  ensure  accuracy,  access  of  air  to  the  flask 
must  be  carefully  avoided,  as  the  nitric  oxide  which  is  generated  would  be  thereby 
converted  into  a  higher  oxide  of  nitrogen,  and  thus  peroxidise  a  further  portion  of  the 
iron.  Other  sources  of  error  are  the  reduction  of  a  portion  of  the  permanganic  acid  by 
nitric  oxide  remaining  in  the  liquid,  and  the  escape  of  nitric  acid  without  having  acted 
on  the  iron  solution.  To  obviate  these  sources  of  inaccuracy,  Fresenius  (Ami.  Ch. 
Pharm.  cvi.  217)  recommends  the  following  method  of  operating.  A  long-necked 
tubulated  retort,  naving  a  capacity  of  about  200  cubic  centimetres,  being  placed  with 
its  neck  inclined  slightly  upwards,  about  1*5  grammes  of  pure  iron  wire  is  introduced 
into  th»  bulb,  and  from  30  to  40  cubic  centimetres  of  pure  fuming  hydrochloric 
acid  is  poured  in.  A  stream  of  hvdrogen  gas,  previously  washed  with  potash-ley,  is 
then  passed  into  the  retort  by  a  glass  tube  passing  through  the  tubulure,  and  entering 
the  retort  to  the  depth  of  about  half-an-incn,  and  the  neck  of  the  retort  is  connected 
with  a  U-tube  containing  a  small  quantity  of  water.  The  bulb  of  the  retort  is  sunk 
in  a  water-bath,  and  heated  gentlv  till  the  iron  is  completely  dissolved.  The  solution 
is  left  to  cool  in  the  current  of  hydrogen ;  the  current  is  then  strengthened,  and  a 
quantity  of  the  nitrate  to  be  tested  (not  exceeding  0'4  gramme  for  s^tpetre)  having 
been  weighed  out  in  a  small  test-tube,  is  introduced,  together  with  the  tube,  through 
the  neek  of  the  retort  into  the  bulb.  The  connection  of  Sie  neck  of  the  retort  with  the 
U-tnbe  is  then  restored ;  the  contents  are  heated  in  the  water-bath  for  a  quarter  of 
an  hour;  the  retort  is  then  removed  from  the  water-bath,  and  heated  over  a  lamp 
to  brisk  ebullition,  tUl  the  solution,  which  is  at  first  dark-coloured  from  absorption 
of  nitzic  oxide  gas,  has  acquired  the  light  brown  colour  of  ferric  chloride,  after 
which  the  boiling  is  continued  for  a  few  minutes  longer.  Care  must  be  taken  not  to 
allow  any  portion  of  the  salt  to  dry  on  the  sides  of  the  retort.  Before  the  boiling  is 
anwfted,  the  stream  of  hydrogen  must  be  accelerated,  to  prevent  air  firom  entering 
through  the  T7-tnbe  as  the  boinng  ceases.  The  solution,  after  cooling  in  the  current  of 
hydiogen,  is  largely  diluted  with  water,  and  the  quantity  of  iron  still  remaining  as  for- 
aoiis  aalt  is  determined  by  means  of  permanganate  or  chromate  of  potassium. 

A  modification  of  this  process  proposed  by  C.  B.  Braun  (J.  pr.  Ohem.  Izxzi  421) 
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consists  in  boiling  the  nitrate  with  an  acid  solution  of  ferrons  chloride,  in  an  atmos- 
phere of  carbonic  anhydride,  till  all  the  nitric  oxide  is  drawn  off,  then  wanning  the  so- 
lution with  iodide  of  potassium,  whereby  iodine  is  separated,  according  to  the  equation — 

FfcCl»  +   KI  «  FfeCl*  +   KCl  +   I, 

and  estimating  the  liberated  iodine  by  means  of  sulphurous  acid  or  hyposulphite  of 
sodium. 

8chl68ing*8  method, — This  method,  also  founded  on  the  reducing  action  of  boiling 
hydrochloric  acid  and  ferrous  chloride  on  nitrates,  consists  in  collecting  the  nitric 
oxide  evolved  in  the  reaction  over  milk  of  lime,  to  free  it  from  any  hydrochloric  acid 
that  may  pass  over  with  it,  carefully  preserving  it  from  contact  of  air,  then  transferring 
it  into  another  vessel,  and  converting  it  into  nitric  acid  by  mixing  it  with  oxygen  in 
a  vessel  containing  water ;  the  quantity  of  this  acid  is  then  determined  volumetrically 
by  means  of  a  standard  solution  of  lime  in  sugar- water.  This  method  heuB  the  advan- 
tage of  not  being  affected  by  the  presence  of  organic  matter  — which  would  vitiate  the 
result  obtained  by  Pelouze*s  process,  by  reducing  a  portion  of  the  permanganic  acid 
used  to  oxidise  the  ferrous  salt  and  making  the  amount  of  nitric  acid  come  out 
too  small  It  has  been  applied  by  Schlosing  to  the  determination  of  nitric  acid  in 
tobacco;  but  it  is  difficult  of  execution,  and  not  generally  applicable.  (Chem.  Gaz. 
1864,  p.  398.) 

3.  By  the  reducing  action  of  Mercury  (Crum,  Ann.  Ch.  Pharm.  Ixii.  233). — This 
method  resembles  the  last,  inasmuch  as  it  depends  on  the  collection  of  the  nitric  oxide 
evolved  in  the  reaction,  but  differs  from  it,  in  completing  the  determination  by  the 
direct  measurement  of  this  gas,  instead  of  by  ita  reconversion  into  nitric  acid.  A 
weighed  quantity  of  the  nitrate  is  introduced  into  a  graduated  glass  tube  filled  with 
mercury,  and  standing  over  mercury ;  a  quantity  of  water  sufficient  to  dissolve  the  salt 
is  then  passed  up,  and  lastly  a  large  excess  of  strong  sulphuric  acid.  The  nitric  acid 
thus  set  free  is  reduced  by  the  mercury  to  nitric  oxide,  which  collects  at  the  top  of  the 
vessel,  the  decomposition,  accelerated  by  occasional  agitation,  being  complete  in  about 
two  hours.  The  level  of  the  sulphuric  acid  is  then  read  o£^  and  a  warm  concentrated 
solution  of  ferrous  sulphate  is  passed  up  to  the  top  of  the  liquid.  This  absorbs  the 
whole  of  the  nitric  oxide,  leaving  only  a  small  quantity  of  nitrogen,  arising  from  air 
left  in  the  tube.  The  volume  of  gas  absorbed  is  then  observed,  and  the  amount  of 
nitric  acid  in  the  salt  thence  determined  by  calculation.  This  method,  which  gives 
exact  results,  has  been  applied  by  Crum  to  the  determination  of  nitric  acid,  not  only  in 
saltpetre,  but  also  in  gun-cotton,  after  it  had  been  ascertained  that  the  presence  of  organic 
matter  did  not  interfere  with  the  liberation  of  the  nitric  oxide.  To  introduce  the  gun- 
cotton,  and  likewise  pulverulent  substances,  above  the  mercury,  Crum  encloses  them  in 
a  small  glass  tube.     H.  Bose  recommends  wrapping  them  in  filtering  paper. 

4.  By  the  reducing  action  of  copper  at  a  red  heat. — When  the  vapours  evolved  by 
igniting  a  nitrate  are  passed  over  red-hot  metallic  copper,  the  copper  takes  np  the 
whole  of  the  oxygen  and  liberates  the  nitrogen,  which  may  be  collected  and  measured 
over  mercury.  The  apparatus  used  and  the  mode  of  operating  are  the  same  as  in 
Dumas'  method  for  the  absolute  determination  of  nitrogen  in  organic  bodies  (see 
Analysis,  Oboanic,  i.  242).  1  part  by  weight  of  nitrogen  corresponds  to  3*867  parts  NO*. 

If  the  nitrate  contains  water,  a  chloride  of  calcium  tube  must  be  inserted  between 
the  combustion-tube  and  the  gas-delivery  tube,  in  order  to  absorb  the  water,  and  deter- 
mine its  amount  by  weight. 

6.  By  conversion  into  Ammonia. — ^Nitric  acid,  as  already  observed  (p.  84),  is  con- 
verted, by  the  action  of  nascent  hydrogen  evolved  by  the  action  of  zinc  on  dilute 
acids  or  on  solution  of  potash,  into  ammonia^  each  molecule  of  ammonia  produced 
corresponding  to  1  molecule  of  nitric  acid : 

HNO>  +  H»     «     NH«  +   3H«0. 

The  reaction  may  be  applied  in  various  ways  to  the  estimation  of  nitric  acid. 

a.  Martin's  method. — The  salt  or  solution  containing  the  nitric  acid  (after  being 
boiled  with  excess  of  potash,  to  expel  any  ammonia  that  may  be  present),  is  treated 
with  washed  metallic  zinc  and  sulphuric  or  hydrochloric  acid ;  and,  after  the  reaction 
is  finished,  the  liquid  is  distilled  with  potash,  to  expel  the  ammonia^  which  is  either 
estimated  volumetrically  by  means  of  a  standard  acid  liquid,  or  received  in  a  bulb- 
apparatus  containing  hydrochloric  acid,  and  subsequently  precipitated  by  platinic 
chloride.  A  considerable  quantity  of  zinc  must  be  used,  equal  to  at  least  four  times 
the  weight  of  the  nitric  acid  to  be  estimated,  because  a  portion  of  the  hydrogen  always 
escapes  in  the  free  state  without  acting  on  the  nitric  acid.  The  reaction  is  not  inter- 
fered with  by  the  presence  of  nitrogenous  organic  bodies,  such  as  uric  acid,  quinine, 
the  organic  matters  in  mineral  waters,  &c. ;  gelatin  retards  it,  but  does  not  interfere 
with  the  final  restdt 
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'  b.  Sareaurfs  method  (Chem.  Soc.  J.  xy.  883). — In  this  process,  the  hydrogen  is 
eTolyed  bj  the  action  of  caustic  potash  solution  on  zinc  in  contact  with  iron  (p.  157). 
A  standard  solution  of  sulphuric  acid  is  used  for  the  coUectiou  aud  determination  of 
the  ammonia,  the  excess  of  acid  employed  being  finally  determined  by  means  of  a 
standard  solution  of  caustic  potash.  Or  the  ammonia  may  be  condensed  in  hydro- 
chloric acid  and  precipitated  by  chloride  of  platinum;  but  the  volumetric  method  gives 
perfectly  exact  results.  The  result  is  not  affected  by  the  presence  of  sulphate  of 
potassium  or  chloride  of  sodium. 

For  the  estimation  of  nitric  acid  in  other  than  alkaline  nitrates,  it  is  sometimes 
advisable  to  separate  the  base  before  proceeding  to  determine  the  nitric  acid  as  above. 
Nitrate  of  barium,  when  directly  submitted  to  this  method  of  analysis,  gives  perfectly 
good  results;  but  nitrate  of  lead  showed  a  slight  deficiency  in  the  amount  of  nitric  acid, 
due  piobably  to  an  action  of  dissolved  oxide  of  lead  on  the  surface  of  the  zinc. 

6.  JBy  reduction  to  Nitric  Oxide  and  subsequent  conversion  of  that  compound  into 
Ammonia. — The  conversion  of  the  nitric  acid  into  nitric  oxide  is  eifected,  as  in  Pe- 
louze's  method  (p.  86),  by  boiling  the  solution  of  the  nitrate  with  ferrous  chloride 
and  free  hydrochloric  acid ;  and  the  nitric  oxide  is  converted  into  ammonia,  either  by 
passing  it  mixed  with  hydrogen  over  platinum-sponge  heated  nearly  to  redness : 

NO  +  H»     =     NH«  +   fl«0, 

by  which  method,  however,  the  conversion  into  ammonia  is  completely  effected  only 
when  the  quantity  of  nitric  oxide  present  is  very  small,  that  is  to  say,  when  only  a 
small  quantity  of  nitrate  is  operatea  on;  or,  secondly,  and  more  effectutJly,  by  passmg 
the  nitric  oxide  mixed  with  sulphydric  acid  gas,  over  nearly  red-hot  soda-lime : 

2N0  +   3H»S   +   2CcaO     «     2NH>   +  CcaSO*  +   CcaS*. 

In  either  case,  each  molecule  of  ammonia  produced  corresponds  to  one  molecule  of 
nitric  oxide,  and  therefore  also  (p.  87)  to  one  molecule  of  nitric  acid.  The  ammonia 
produced  by  the  reaction  is  collected  in  an  absorption-apparatus  in  a  measured  quantity 
of  standard  sulphuric  acid,  and  the  excess  of  acid  used  is  determined  by  a  standard  alka- 
Une  solution.  This  process  was  devised  especially  for  the  estimation  of  small  quantities 
of  nitric  add  existiue  in  plants,  soils,  waters,  &c.  From  10  to  100  grammes  of  the  sub- 
stance (or  of  the  residue  obtained  by  evaporating  the  water)  is  exluiusted  with  boiling 
water,  and  the  concentrated  solution  is  treated  as  above  described.  (G.  V ill  e,  Gompt. 
rend.  zi.  939  and  987.) 

MttdUio  Nitrates, 

Nitrate  OF  Aluminium. — The  normal  salt,  A11"'N'0*.9H'0,  crystallises  from  a 
concentrated  solution  of  hydrate  of  aluminium  in  nitric  acid,  in  oblique,  rhombic,  very 
short  prisms,  which  melt  at  73^,  solidify  to  a  crystalline  mass  on  cooling,  deliquesce  in 
the  air,  and  dissolve  very  easily  in  water  and  in  nitric  acid.  Half  an  ounce  of  the 
pulverised  crystals  mixed  with  an  equal  weight  of  acid  carbonate  of  sodium  or  ammo- 
niimi,  produced,  on  solution  in  water,  a  fall  of  temperature  from  + 10*5®  to  —23*3^ 
(Ordway,  Ann.  Ch.  Pharm.  Ixxvi.  247  ;  see  also  Salm-Horstmar,  Jahresb.  1850, 
p.  301).  This  salt  treated  with  hydrate  of  aluminium  appears  to  yield  a  series  of  basic 
salts  analogous  to  the  basic  ferric  nitrates  (p.  94)  (Ordway).  Berzelius  obtained 
a  basic  nitrate  of  aluminium  in  the  form  of  a  pasty  mass  by  precipitating  the  neutral 
salt  with  ammonia. 

NiTBATE  OF  Ammonium.  (NH*)N0'.  Nitrum  flammans,  (See  Ammohiacal 
Salts,  i.  192.) 

NiTBATE  OF  Babium.  BaNO*  or  Bba"N*0*.  Baryta-saltpetre, — ^Prepared  by 
treating  the  solution  of  sulphide  of  barium  or  the  native  carbonate  ( Witherite)  with 
dilate  nitric  acid,  or  by  precipitating  the  solution  of  the  sulphide  or  chloride  with  nitrate 
of  sodium.  It  crystallises  in  regular  octahedrons  and  combinations  of  that  form  with 
others  of  the  regular  system,  especially  the  cube.  The  crystals  are  permanent  in 
the  air,  white,  transparent,  or  translucent,  have  a  specific  gravity  of  3' 1848  (Earsten), 
and  a  sharp,  saline,  bitter  taste ;  decrepitate  when  heated,  and  melt  at  a  comparatively 
low  temperature.  At  a  red  heat  the  salt  decomposes,  giving  ofiT  oxygen,  nitrogen,  and 
nitric  peroxide,  and  leaving  a  residue  of  pure  baryta.  It  detonates  slightly  with  com- 
bustible bodies,  and  decomposes  with  a  yellowish  light  when  thrown  on  glowine  coals. 
It  dissolves  in  water  with  slight  depression  of  temperature.  1  pt.  of  the  salt  dissolves 
in  20  ptB.  water  at  O^';  in  12*5  pts.  at  15^;  in  5*9  pts.  at  45°;  in  3-4  pts.  at  86<'; 
and  in  2*8  pts.  at  106°  (Gay-Lussac).  According  to  Karsten,  it  dissolves  in  11'66 
pts.  water  at  20°,  forming  a  solution  of  specific  gravity  1*0678.  In  water  containinff 
nitrie  add  it  is  much  less  soluble,  so  that  a  neutral  solution  from  which  nothing  wiU 
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ciystallifle  yieldfl  an  additional  crop  of  crystals  on  addition  of  nitrie  aeid:  henee  also 
the  necessity  of  using  dilute  nitric  acid  in  preparing  the  salt  from  the  carbonate,  &c.  In 
strong  nitric  acid  it  is  quite  insoluble ;  also  in  alcohol. 

From  a  solution  cooled  to  between  12<^  and  0°,  Hirzel  (Zeitschr.f.  Phaim.  1864, 
p.  49)  once  obtained  a  hydrated  salt  containing  £ba"N*0*.2HH). 

An  aceto-nitrate  of  barium,  Bba"(N0*)((?H»0»),4HK).  is  obtained  by  dissolring 
acetate  of  barium  in  excess  of  the  nitnUe,  and  cnrstalLisesfrom  the  mother-liqnctf  after 
the  excess  of  nitrate  has  separated,  in  large,  right,  rhombic  prisms.  (Lucius,  Ann. 
Ch.  Phann.  ciii.  113.) 

Nitrates  op  Bismuth.  Thenormal  salt,  Bi'^«0».6H*0 orBiK)«,3NK)».10H*O, 
is  obtained  by  dissolving  the  pulverised  metal  or  the  oxide  or  carbonate  in  moderately 
strong  nitric  acid.  The  concentrated  solution,  which  corrodes  paper,  and  must  there- 
fore be  filtered  through  asbestos  or  pounded  glass,  deposits  the  salt  on  evaporation  in 
large  crystals,  which  are  very  deliquescent,  extremely  caustic,  and  melt  in  their  water 
of  crystallisation  when  gently  heat^. 

Banc  salts.— A  bismuth-nitrate  having  the  composition  2Bi'^0*.H«0  =  (jj  W*  ( ^ 

or  Bi«0«.N«0*.H*0,  is  obtained  by  heating  the  normal  salt  to  78°  (Graham,  Anu.  Ch. 
Pharm.  xxix.  16),  to  150^  Gladstone  (Chem.  Soc.  Mem.'  iii  480).  According  to 
Buge  (Jahresb.  1862,  p.  163),  the  normal  salt  heated  for  a  certain  time  to  78^  leaves 

the  basic  salt  Br'T!irO^HNO»«,^^Qj?^         or  Bi«0«.2N»0\H«0 ;  but  if  it  be  kept  at 

that  temperature  till  it  no  longer  loses  wei^ht^  the  residue  consists  of  2Bi"170^H'0. 

The  acid  solution  of  the  normal  salt  is  decomposed  by  water,  with  precipitation 
of  a  white  basic  salt  formerly  called  magistery  of  bismuth.  The  composition  of  this 
precipitate  is  variously  stated  by  different  chemists,  and  appears  to  vary  according  to 
the  quantity  of  water  added,  and  the  length  of  time  for  whicl^  the  washing  is  con- 
tinued. According  to  Buge  {loo,  ciL)  it  consists  mainly  of  the  salt  Bi'"NO*.H*0 
or  Bi«0«.NW.2H"0,  mixed  with  variable  quantities  of  tBi«0".2BiN0\H*0  or 
2BiK)'.NH)'JE'0,  the  ^portion  of  the  latter  increasing  with  the  quantity  of  wash- 
water  used.    (See  also  Handw.  d.  Chem.  vii.  176.) 

NiTBATB  OF  Cjbsiuk,  CbNO'.    See  Cjbbiuh  (i  1116). 

NiTBATB  OF  Cadmium.  CdNO«  2H«0  or  CcdTTOUHK).— Tufts  of  needles  and 
prisms  which,  according  to  Meissner,  deliquesce  in  the  air,  dissolve  in  alcohol,  but  without 
colouring  the  flame.  According  to  Ordway  (Sill.  Am.  J.  r2]  xxvii.  14),  the  salt  melts 
at  59*6®,  boils  at  about  132^,  and  remains  dear  and  mobile  on  prolonged  boiling  till 
Jths  of  the  water  has  gone  off. 

NiTBATB  OF  Calcium.  CaN0".2H«0  or  Cca"N«0*.4HK).— This  salt  occurs  on 
many  parts  of  the  earth's  surface  where  the  conditions  are  favourable  to  the  formation 
of  nitric  acid,  and  calcium-salts  (especially  the  carbonate)  are  likewise  present.  In 
many  limestone  caverns,  those  of  Kentucky  for  example,  it  takes  the  form  of  silky  efflores- 
cences of  a  white  or  grey  colour.  It  also  occurs  on  the  floors  and  walls  of  stables  and 
other  badly-drained  buildings  in  which  urine,  blood,  and  otiier  animal  matters  are  left 
to  putrefy.  From  the  soil  it  often  passes  into  well-water.  When  it  forms  on  walls  it 
causes  rapid  disintegration  of  the  mortar,  because,  being  very  soluble  and  deliquescent, 
it  is  rapidly  carried  away  by  rain-water  and  atmospheric  moisture ;  hence  it  is  called 
the  saltpetre -rot  In  France,  Prussia,  and  other  countries  of  Europe  it  is  formed 
artificially  in  saltpetre-plantations,  consisting  of  heaps  of  decomposing  vegetable 
and  animal  matter  mixed  with  cinders,  chalk,  marl,  &c,  which  are  frequently  moistened 
with  urine,  dunghill-water,  waste  soap-suds,  &c.  Alter  exposure  to  the  air  for  two  or 
three  years,  the  mass  is  lixiviated,  and  the  crude  liquor,  which  is  chiefiy  a  solution  of 
nitrate  of  calcium,  mixed  however  with  the  nitrates  and  chlorides  of  potassium,  sodium 
and  magnesium,  is  treated  with  carbonate^  sulphate  or  chloride  of  potassium,  in  order 
to  convert  the  nitrate  of  caldum  into  nitrate  of  potassium  (see  Richardson  and  Watts*s 
Chemical  Technology,  vol.  i.  pt.  4,  pp.  281 — 289). 

Pure  nitrate  ot  calcium  is  best  prepared  by  neutralising  nitric  acid  with  lime  or 
carbonate  of  calcium.  The  solution,  when  evaporated  to  dryness,  leaves  the  anhydrous 
6alt>  which  has  a  specific  gravity  of  2*472  (Kremers),  a  warm  bitter  taste,  dissolves 
earaly  in  water  and  in  alcohol,  and  may  be  heated  to  incipient  fusion  without  decom- 
position. The  partially  decomposed  sialt  is  phosphorescent  (Baldwin*s  phosphorus). 
At  a^higher  temperature  it  is  decomposed,  giving  off  oxygen  and  nitric  peroxide.  It 
detonates  slightly  with  combustible  bodies. 

A  very  strong  aqueous  solution  of  the  salt  crystallises  with  difficulty  in  deliquescent 
six-sided  prisms  terminated  by  acute  pyramids — monoclinic  combinations,  according 
to  Marignac — containing  Cca  jE^'O*. 4H^0 ;  according  to  MitschorUchi  the  same  hydnte 
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ia  precipitated  as  a  crystalliiie  powder  from  the  aqueous  solution  on  addition  of  nitric 
add.  Aoooiding  to  Ordwaj  (loe.  cii.)  the  hydrated  salt  melts  at  44^,  but  if  heated 
somewhat  above  its  melting  point,  remains  liqTiid  till  it  has  cooled  down  to  the  ordinary 
temperatore^  and  if  then  touched  with  a  crystal  of  the  same  salt,  solidifies  quickly, 
with  considerable  rise  of  temperature  and  contraction.  Its  specific  gravity  at  15*5°,  is 
1*90  in  the  solid,  and  1*70  in  the  liquid  state.  The  fused  salt  begins  to  boil  at  132°,  and 
remains  dear  during  boiling  down,  till  about  one-third  of  the  water  has  gone  ofi^,  and 
then  deposits  the  anhydrous  salt^  without  loss  of  add.  The  anhydrous  salt  eyolres 
great  heat  on  combining  with  water. 

NiTBATBS  OF  Cbbiux.— CL  Cerous  nitrate,  CeN0».2H*0  or  Cce'TTK)* 4HK),  is 
obtained  by  dissolving  ceroso-eeric  oxide  in  nitric  add  in  presence  of  alcohol  or  some 
other  reducing  substance.  The  filtrate  evaporated  to  a  syrup  yields  the  salt  on  cool- 
ing, as  a  fEunt  rose-coloured  crystalline  mass,  which  gives  off  half  its  water  at  150^ 
and  decomposes  at  200°.    (L.  J.  Lange,  J.  pr.  Chem.  Izzzii.  129.). 

Ammonio-ceroua  niirate,  (NH^)N0'.Cce"N'0^8H'0,  obtained  by  evaporating  a  mix- 
ture of  equal  parts  of  the  moderately  concentrated  solutions  of  the  component  salts, 
and  ciyatAllising  over  lime  and  chloride  of  caldum,  is  colourless,  very  soluble  in  water 
and  alcohol,  and  deliquesces  in  moist  air.    (Holzmann,  J.  pr.  Chem.  Ixxxiv.  76.) 

A  mixture  of  oerous  nitrate  and  nitrate  of  potassium  concentrated  to  a  syrup 
and  then  left  over  oil  of  vitriol,  yields  small  crystals  of  pot<tssio-cerous  nitrate,  whicn 
gave  in  one  analysis  results  agreeing  with  the  formula  4E[NO'.3Cce'*NH)*.4H'0, 
but  were  not  found  to  be  of  constant  composition  (Lange). — Magneno-cerous  nitrate, 
Mmg"NK>".Cce''N<0*.8HK),  is  obtained  on  adding  alcohol  to  the  mixed  solutions  of  its 
component  salts,  in  faint  rose-coloured  crystals,  soluble  in  water  and  in  alcohol;  they 
give  off  3  at.  water  at  110°,  and  the  rest  at  200°,  melting  at  the  same  time  (Lange). 
According  to  Holzmann,  this  salt  is  colourless  and  contains  only  6  at.  water.  The 
double  salts  of  cerous  nitrate  with  the  nitrates  of  Tnanganese,  cobalt,  nickel,  and  xtnc, 
are  similar  in  composition  (with  8  at.  water)  to  the  magnesium  salt,  and  crystallise 
very  easily  firom  solutions  made  as  nearly  neutral  as  possible,  in  regular  six-sided 
tables ;  they  sometimes,  however,  exhibit  hemihedral  forms,  and  frequentlv  have  three 
idtemate  ddes  longer  than  tlie  intermediate  ones.  The  manganese  salt  gives  off  4  at. 
water  at  150°.    (Lange.) 

Ceric  oxide  dissolves  slowly  in  nitric  acid,  forming  a  reddish-prellow  liquid,  which 
leaves  on  evapoiation  a  reddish-yellow  viscous  mass,  exhibiting  distinct  indications  of 
crystaUisation.     It  absorbs  water  &om  the  air,  and  leaves  when  ignited  a  ceroso-ceric 

oxide  which,  according  to  Marignac,  has  nearly  the  composition  3Cce''0.2CceK)'. 

An  ammonio-cerowhcene  nitrate,  ^^!?*|N«0".Cci*N«0'»  3H*0,  is  obtained  by  mix- 
ing tlie  solutions  of  nitrate  of  ammonium  and  ceroso-ceric  nitrate  and  evaporating  over 
lime  and  chloride  of  caldum ;  it  forms  nodular  ^ups  of  very  deliquescent^  orange- 
zed  ctystals,  consisting  of  microscopic  six-sided  pnsms.    (Holzmann,  loc,  cit,) 

NiTBATBS  OF  C HBO XI UK.  NoTTnol  cAromie  nitrate,  Ccr*0'.3N^OM8HK)  or 
Ccr'*1^'0'.9H*0,  is  obtained  by  dissolving  diromic  hydrate  in  nitric  add.  The  solution, 
which  is  blue  by  reflected,  red  by  transmitted  light,  dries  up  when  evaporated  to  a 
gummy  fissured  mass,  which  is  dark  green  both  by  transmitted  and  by  reflected  light, 
and  after  being  heated  over  the  water-bath  for  sevc^  hours,  dissolves  onlv  partially  in 
water,  fbrming  a  brown  solution  (Hayes).  According  to  Ordway  (Sill  Am.  J.  [2] 
ix.  30 ;  xxvii.  14)  the  normal  salt  crystallises,  though  with  dimculty,  frpm  warm 
water,  in  purple  oblique  rhombic  prisms  containing  9  at.  water,  which  melt  at  37^  to  a 
green  liquid,  boiling  at  125'5^,  and  form  with  cold  water  a  purple  solution  which  turns 
green  when  heated. 

Bame  Salts. — ^Normal  chromio  nitrate  dissolves  chromic  hydrate^  the  solution  re- 
maining dear  till  it  contains  8CcrK)'  to  3KH)* ;  by  careful  addition  of  idkidi,  two- 
thirds  of  the  add  mav  be  withdrawn  without  produdng  permanent  turbidity.  The 
crystallised  normal  salt,  heated  over  the  water-bath  till  the  loss  of  weight  amounts  to 
39  per  cent,  leaves  a  dark  green  visdd  reddue,]  very  soluble  in  water,  and  oonsLBting 
of  Cer'0'.2KK)*.12H'0 ;  on  continuing  the  heat,  more  add  and  water  escape,  and  the 
spon^  residue  which  then  remains  dissolves  quickly  in  water,  forming  a  dark  brown 
solution  containing  chromate  and  nitrate  of  chromium  (Ordway,  SilL  Am.  J.  [2] 
xzvL  197).  Aoooraing  to  Siewert  (Ann.  Oh.  Phazm.  cxxvL  86),  the  saturated  so- 
lution of  chromic  oxide  in  cold  nitric  add  contains  the  salt  Ccr'0'.2NH)' ;  and  the  hot 
saturated  solution  contains  the  salt  2Ccr'0*.3]!TK)*.  From  the  latter,  ether-alcohol 
predpitatea  chromic  hydrate,  while  blue  normal  chromic  nitrate  remains  in  solution. 

NiTBATB  OF  Cobalt,  CoNO».3H«0  or  Cco"N*0«.6H*0  (or  6H«0  according  to 
Millon)  fioiniu  ted  prismatic  crystals  of  spedfic  gravity  1-83,  according  to  Bodeker^ 
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>yhich  melt  below  100^,  and  give  off  water  at  higher  temperatures,  the  colour  of  the 
liquid  changing  from  violet-red  to  green,  and  finally  swell  up,  give  off  red  nitrous 
vapours,  and  leave  black  cobaltoso-oobaltic  oxide.  The  aqueous  solution  has  a  crimson 
colour,  and  may  be  used  as  a  sympathetic  ink.  It  ia  also  much  used  as  a  reagent  in 
blow-pipe  experiments  (i.  213). 

A  basic  salt,  6CcoO.N*0*.6H«0  or  Cco»N«0*.3CcoH«0«.2H*0,  is  formed  as  a  blue 
precipitate,  when  a  de-aerated  solution  of  the  normal  salt  is  treated  with  excess  of  am- 
monia out  of  contact  of  air.  Aiter  washing  and  drying,  it  forms  a  green  powder, 
probably  containing  cobaltoso-cobaltic  hydrate.   ( W  inkelblech.) 

The  nitrates  of  the  cobalt-amnumiuma  have  been  already  described  (i.  1052-1055). 

NiTHATBS  OF  CoppBB.  Nomud  cupric  nitrate,  CuNO*  or  Ccu"N*0*,  is  obtained 
by  dissolving  metallic  copper,  cupric  oxide,  or  cupric  carbonate  in  dilute  nitric  aeid. 
The  solution  is  green  at  first  (perhaps  from  admixture  of  cupric  nitrite,  and  becomes 
bine  only  after  standing  for  some  time.  From  the  blue  solution  at  temperatures  not 
below  20°  (26°  according  to  ,Ordway),  the  salt  is  deposited  in  dark  blue  prismatic  crys- 
tals, containing'Ccu"N*0*.3H*0,  according  to  Graham,  Gladstone,  and  Or d way; 
4H*0, according  to  Gerhard t.  This  hy<&ate  melts  at  114*5°, and  boils  at  170°  giving 
off  nitric  acid,  and  leaving  a  green  basic  salt  (Ordway).  At  lower  temperatures,  pale 
blue  prisms  are  deposited  containing  6  at  water :  they  effloresce  in  vacuo  over  oil  of 
vitriol,  giving  off  half  their  water,  melt  at  18°  (at  26*4°  according  to  Ordway),  and 
are  resolved  into  a  liquid  and  crystals  of  the  tri-hydrated  salt.  The  latter  decomposes 
at  65°  into  free  acid  and  a  basic  salt  (Graham) : 

3(CcuN*0».3H"0)    -    Ccu»N«0»  +  4HN0"  +  7H«0. 

A    basic   cupric   nitrate,    3Ccu"0.N«0*.H»0      «      Ocu»N*0».H«0      (Graham), 

4Ccu''0.N«0».3H«0  =  Ccu"0.Ccu»N«0».3H»0  (Gerhardt),  is  formed  by  gently 
heating  the  normal  salt  (to  66° — 300°),  or  by  boiling  its  solution  with  copper  or  cupric 
hydrate,  or  mixing  it  with  a  small  quantity  of  alkali ;  also  by  treating  cupric  oxide  with 
strong  nitric  acid,  even  in  excess.  It  is  a  green  powder,  insoluble  in  water,  soluble  in 
acids ;  it  bears  the  temperature  of  melting  lead  almost  without  decomposition,  but  is 
decomposed  at  a  red  heat^  leaving  cupric  oxide ;  it  also  yields  cupric  oxide  when  boiled 
with  potash  (Proust).  According  to  Vogel  and  Keischauer  (Jahresb.  1859, 
p.  216),  the  salt  4Ccu"O.N'0*.3H*0  is  obtained  in  light,  iridescent,  greenish-blue  lamin», 
by  boiling  the  mixed  solutions  of  normal  cupric  nitrate  and  nitrite  of  potassium,  or  the 
green  liquid  obtained  by  passing  nitrous  acid  gas  into  water  in  which  cupric  hydrate 
is  suspended. 

Li-ammoniO'Cupric  nitrate,  Ccu"(NH*)*N*0",  crystallises  very  easily  from  aqueous 
solution,  and  explodes  violently  when  the  solution  is  evaporated  by  heat  beyond  a  certain 
degree  of  concentration. 

Nitrate  of  Ammo-cuprammonium,  Ccu"N'0*.4NH",  has  been  already  partially  des- 
cribed (ii  81).  According  toJMarignac  (Compt.  rend.  xlv.  650),  it  forms  rhombic 
crystals  with  the  predominating  faces  ooP,  a>I*oo ,  Pao  ,  and  angles  ooP  :  ooP  «  122° 
35';  f*oo  :  too  over  the  principal  axis  —  115°  10';  twins  often  occur  with  composition 
face  ooPoo. 

NiTBATB  OF  DiDYMiuM,  DiNO"  or  Ddi"N'0*. — ^Easily  soluble  in  water:  the 
solution  is  rose-red  when  dilute,  with  a  violet  tinge  when  concentrated :  a  syrupy  so- 
lution solidifies  on  cooling  to  a  deliquescent  mass  of  the  hydrated  salt,  which  melts  and 
gives  off  its  water  when  heated  above  300°.  The  anhydrous  salt  dissolves  easily  in 
alcohol  of  96  per  cent.,  and  a  mixture  of  alcohol  and  ether,  but  is  insoluble  in  pure 
ether.  When  strongly  heated  it  gives  off  nitrous  vapours,  and  ultimately  leaves  a 
residue  of  brown  peroxide  of  did^mium.  If  the  decomposition  be  stopped  at  a  certain 
point,  and  the  residue  treated  with  water,  there  remains  a  white  mass,  apparently  con- 
sisting of  a  basic  salt,  fidi"N«0«.Ddi"H20«.4H«0.  (Marignac,  Ann.  Ch.  Phys.  [3] 
xxxviii.  148;  see  also  Hermann,  K^p.  Chim.  pure,  1861,  p.  53.) 

NiTRATB  OF  Ebbium.  Permanent  in  the  air;  mostly  colourless,  sometimes 
slightly  reddish ;  forms  a  colourless  solution. 

NiTKATB  OF  Glucixum,  2GNO».3H20  or  Gg''K20«.3H»0.— Obtained  by  de- 
composing the  sulphate  with  nitrate  of  barium,  as  a  difficultly  ciystallisable,  very 
deliquescent  salt,  which  melts  at  60°,  and  boils  at  140*5°,  remaining  dear  when  boiled 
down  till  the  thermometer  rises  to  160°  and  fluid  till  cooled  to  16° ;  the  fused  mass 
solidifies  rapidly  on  addition  of  strong  nitric  acid.  When  heated  for  twenty  hours  in 
a  steam-bath,  it  left  a  thick  transparent  residue,  amounting  to  60  per  cent,  of  its  weight, 
perfectly  soluble  in  water,  and  consisting  of  Gg"N«0".Gg"H»0».2H*0.  This  basic  salt  also 
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Tctnains  dissolved  when  the  aqueous  solution  of  the  normal  salt  is  treated  in  the  cold 
with  excess  of  carbonate  of  glucinum,  whereas,  on  boiling,  the  whole  of  the  glueina  is 
precipitated  in  the  form  of  a  more  highly  basic  salt.     By  the  action  of  hydrate  of 

glacinam,  the  normal  nitrate  may  be  converted  into  the  tribasic  nitrate,  Gg■N•0^ 
(Ordway,  Sill.  Am.  J.  [2]  xxvi.  197 ;  xxvii.  14.) 

Nitrate  of  Gold?  Fine  gold-leaf,  and  gold  recently  precipitated  by  ferrous 
sulphate,  diMSolre^  in  fuming  nitric  acid ;  but  the  solution  is  very  unstable,  being  de- 
composed even  by  agitation  with  water,  with  precipitation  of  auric  oxide,  or  if  nitrous 
acid  is  present,  of  metallic  gold.  Auric  oxide  and  hydrate  likewise  dissolve  in  fuming 
nitric  acid,  forming  a  similar  solution. 

NiTBJLTES  OF  IsiD AMMONIUMS  (see  Ibidium-bases,  Ammoniacal,  iii.  324). 

Nitrates  OF  Ibox.  a.  Ferrio  Nitrates, — The  normal  salt,  ¥e*0\ 3N*0*.  1 8H*0 
or  Ffe'*N*0'.9H'0,  is  prepared  by  dissolving  metallic  iron  in  nitric  acid  of  specific 
gravity  1*29,  till  the  liquid  has  taken  up  about  10  percent,  of  the  metal,  and  then  adding 
an  equal  volume  of  nitric  acid  of  specific  gravity  1*43.  The  solution,  on  cooling,  de- 
posits the  salt  in  oblique  rhombic  prisms  of  specific  gravity  1'6835  at  20°,  colourless 
or  with  a  faint  lavender-blue  tint,  slightly  deliquescent,  very  soluble,  with  a  yellow- 
brown  colour,  in  water,  very  slightly  soluble  in  cold  nitric  acid.  At  47*2®  they  melt 
to  a  deep  red  liquid,  which  remains  liquid  till  cooled  to  20°,  and  has  then  a  specific 
gravity  of  1'6712;  part  of  the  acid  goes  oflf  at  100° ;  the  liquid  boils  at  125°,  and 
complete  decomposition  takes  place  at  a  red  heat  (Ordway,  loc.  cit.).  Hausmann 
(Ann.  Ch.  Pharm.  Ixxxiz.  109),  by  evaporating  the  red-brown  solution  of  iron  in 
nitric  acid  to  a  syrup,  at  a  gentle  heat,  then  adding  half  the  volume  of  nitric  acid,  and 
leaving  the  solution  to  crystallise,  obtained  prismatic  crystals  containing  Ffe"N'0^.6H*0, 
and  melting  at  35°.  B.  Wild  en  stein  (J.  pr.  Chem.  Ixxxiv.  243)  obtained  the  same 
hydrate  in  limpid  cubic  crystals,  from  a  large  quantity  of  iron  mordant  containing  a 
very  small  quantity  of  free  acid  (prepared  by  saturating  slightly  diluted  nitric  acid 
wiln  iron,  and  evaporating  to  48°  or  50°  Baum^). 

Baaie  Salts. — Ordfway  has  obtained  basic  ferric  nitrates  containing  from  2,  3,  6, 
8,  12  to  24  molecules  of  ferric  oxide  to  3  at  nitric  anhydride,  namely  by  mixing  the 
solution  of  the  normal  salt  with  recently  precipitated  ferric  hydrate  in  various  pro- 
portions ;  they  are  all  soluble  in  water,  and  the  solutions  when  evaporated  yield  red 
mostly  deliquescent  powders.  The  solutions  have  a  deep  red  colour,  are  not  de- 
composed by  boiling  or  dilution,  but  when  saturated  with  ferric  oxide,  they  yield  a 
precipitate  of  that  oxide,  on  addition  of  chloride  of  sodium,  sulphate  of  potassium, 
ehlonde  of  ammonium,  sulphate  of  sodium,  cupric  sulphate,  &c.,  but  are  not  precipi- 
tated by  neutral  acetate  of  lead,  cupric  acetate,  or  alcohol.  Scheurer-Kestner 
(Compt.  rend,  xlvii.  927)  has  obtained  the  two  salts  2Ffe«0«.N«0*.H0  and  Ffe'0«.N»0». 
These,  as  well  as  the  normal  salt,  are  decomposed  by  water,  the  normal  salt  yielding 
2Ffe«0».N»0».8H»0,  the  first  of  the  two  basic  salts  just  mentioned  yielding  3Ffe20».N»0*. 
2H-0,  and  the  second  4Ffe*0».N*0*.3H*0.  Hausmann,  by  evaporating  the  solution 
of  iron  in  nitric  acid  to  a  syrup,  adding  half  the  volume  of  strong  nitric  acid, 
and  leaving  the  solution  to  crystallise,  obtained  colourless  prisms  containing  Ffe*0^ 
3NH)M2H*0.  By  mixing  a  very  concentrated  solution  of  this  salt  with  water  till 
the  colour  became  reddish-yellow,  then  boiling,  and  adding  nitric  acid  after  cooling, 
an  ochre-coloured  precipitate  was  formed,  containing  8Ffe'0".2N*0*.3H*0.  By 
adding  a  very  large  quantity  of  water  to  a  highly  concentrated  and  slightly  acid 
solution  of  the  nitrate,  an  ochre-cx>loured  precipitate  was  sometimes  formed,  containing 
36Ffe*O".N*0*.48H*0.  By  treating  iron  excess  with  nitric  acid,  a  precipitate  was 
obtained  having  the  composition  8Ffe«0».N«OM2H«0. 

0.  Ferric  Aceto-nitrates  (Scheurer-Kestner,  Ann.  Ch.Phys.  [3]  Ixiii.  422  ; 
R^p.  Chim.  pure,  iv.  95). — These,  and  similar  salts  containing  chlorine  and  other 
monatomic  radicles  are  obtained: — 1.  By  leaving  mixtures  of  ferric  hydrate  and 
monatomic  acids  (nitric,  hydrochloric,  acetic,  &c.)  to  act  upon  one  another  for 
several  days  at  40°. — 2.  By  mixing  a  monatomic  acid  with  a  very  concentrated 
solution  of  a  ferrous  salt,  or  with  the  dry  salt,  and  oxidising  the  mixture  with  nitric 
acid. — 3.  By  the  mutual  action  of  the  component  salts,  e.^.  of  ferric  acetate  and  ferric 
nitrate. — 4.  By  the  action  of  an  acid  on  a  ferric  salt  containing  another  acid. 

Ferric  Diacfto^nitrate,  Ffe'"(C«H»0»)«(N0»).3H«0,  crystallises  in  slender  blood-red 
needles  or  right  rhombic  prisms  of  considerable  size; — ferric  aceto-dinitrate^ 
Ffe"'(C*H«0»XNO*)».4H«0,     in    right    rhombic    prisms;— /tm^     Utraccto-niirate, 

I*'fe'(C'H*0*)XN0*)(H0).4H'0,  in  hard,  shining,  red-brown,  right  rhombic  prisms ; — 

ftrrie    triaeeto-niirate,  ffe»(C«HW)»(NO«)(lTO)2.2H*0,    in  oblique  rhombic  prisma, 
resembling  ferricyanide  of  potassium. 
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7.  Ferrous  nitrate,  Fe*O.N*0*  or  Ffe"N*0*. — ^Prepared  by  precipitating  ferroui 
sulphate  with  an  equivalent  quantity  of  nitrate  of  barium,  and  evaporating  the  filtrate 
in  vaicuo  oyer  oil  of  vitiiol ;  or  by  adding  sulphidd  of  iron  to  cold  dilute  nitric  acid, 
and  eyaporating  the  solution  in  yacuo.  If  the  solution  were  evaporated  by  heat,  ferric 
salts  would  be  formed.  The  salt  \s  likewise  obtained  by  treating  iron  borings  or  filing^ 
with  cold  dilute  nitric  acid,  nitrate  of  ammonium  being  formed  at  the  same  time,  and 
no  eyolution  of  gas  taking  place : 

10HNO»  +   Ffe*     -     4Ffe'W0«  +    (NH*)NO«  +   8H»0. 

The  solution  thus  obtuned  may  be  heated  nearly  to  boiling  without  decomposition. 

According  to  Scheurer-Kestner  (Gompt.  rend,  zlvii.  927),  nitric  acid  of  specific 
gravity  1*034  yields  with  iron  nothing  but  rerrous  nitrate  and  ammonia,  whereas  acid 
of  specific  gravity  1*073  yields  the  same  products  together  with  ferric  nitrate;  and  acid 
of  specific  gravity  1*115  and  upwards,  only  ferric  nitrate,  and  no  ammonia.  In  the 
latter  case,  the  solution  contains  basic  salts,  as  well  as  the  normal  salt,  and  in  greater 
proportion  as  the  acid  was  more  concentrated. 

Ferrous  nitrate  crystallises  from  solution  after  some  time  in  four-sided  bevelled 
prisms,  having  a  veiy  fiunt  greenish  colour  and  sharp  taste,  deliquescent  and  ycry 
soluble  in  water. 

The  solution  of  iron  filings  in  cold  dilute  nitric  acid  is  used  in  dyeing. 

NitbatbopLanthakum,  LaNO*.  |H*0  orIila"NK)*.  3H»0,  separates  from  a  syrupy 
solution  in  large  prismatic  crystals  whicn  deliquesce  in  the  air  and  dissolve  easily  in 
water  and  in  alcohol.  If  the  water  be  veiy  carefully  drawn  off  from  the  crystals,  the 
residual  anhydrous  salt  may  be  fused  without  decomposition,  but  if  the  temperature  be 
then  raised  above  the  melting-point,  a  small  quantity  of  nitric  acid  goes  off,  and  the 
residual  basic  salt  solidifies  on  cooling  to  a  kind  of  enamel  which  almost  immediately 
afterwards  crumbles  to  a  bulky  white  powder,  and  with  such  force  that  the  particles 
are  scattered  to  a  considerable  distance.  At  a  red  heat  the  salt  is  completely  decom- 
pose i,  leaving  a  residue  of  oxide  (Mosander).  The  hydrated  salt  melts  at  about 
40°  and  boils  at  about  120<>.    (Ordway.) 

NiTEATBS  OP  Lead.  The  normal  salt,  Pb«O.N*0*  or  Ppb'T?*0*,  is  obtained  by 
dissolving  litharge  or  metallic  lead  at  the  boiling  heat,  in  slightly  diluted  nitric  acid, 
which  should  be  free  from  hydrochloric  and  sulphuric  adds.  The  neutral  nitrate  ciys- 
talUses  in  large  octahedrons,  with  the  secondary  faces  of  the  cube,  sometimes  trans- 
parent, although  generally  white  and  opaque ;  specific'gravity  4*609  (Schro  der);  4*235 
(Buignet).  The  ciystals  are  anhydrous ;  thej  are  soluble  in  7^^  times  their  weight  of 
cold,  and  in  a  much  smaller  quantity  of  hot  water.    (Mitscherlich.) 

According  toKremers  (Fogg.  Ann.  xcii.  499)  1  pt.  of  the  nitrate  of  lead  dissolyea 
in  2*58  pts.  water  at  0°;  in  2*07  pts.  at  10°;  in  1-66  pts.  at  26° ;  in  1-26  pts.  at  46<^ ; 
in  0*99  pts.  at  66° ;  in  0*83  pts.  at  85°  ;  and  in  0*72  pts.  at  100°.  The  saturated  solu- 
tion boils  at  103*6°.  The  specific  gravities  at  17*5°  of  solutions  of  various  strengths 
are  as  follows  (Kremers^  ^ogS>  Ann.  ciii.  57  ;  civ.  133) : 


Weight  of  salt  in 

SpeclRc  gravity  of 

WHghtofnaltln 

Specific  gravity  of 
solution. 

100  pts.  water. 

solution. 

100  pts.  water. 

84*79 

1*3816 

11*60 

1*1022 

23*30 

1-2274 

7-73 

1*0661 

15-46 

11416 

See  also  Schiff  (Ann.  Ch.  Fharm.  ex.  76).  Nitrate  of  lead  is  insoluble  in  alcohol, 
and  in  Biron^ nitric  aeid^  which  indeed  precipitates  it  from  aqueous  solution ;  soluble  in 
saturated  solutions  of  nitrate  of  potassium  and  nitrate  of  barium,  (For  full  details  re- 
specting its  solubility  in  water  and  other  solvents,  see  Storer'e  Dictionary  of  Solubilities, 
p.  382.) 

Nitrate  of  lead  is  decomposed  at  an  incipient  red  heat,  yielding  a  mixture  of  oxygen 
gas  and  nitric  peroxide  (p.  76),  and  leaving  the  yellow  protoxide  of  lead  (iii.  549). 

Basic  salts.— The  diplunibic  salt,  2Pph"0.'SK>^  «  Ppb"OJ*pb"N'0«(Berzelius) 
or  2Ppb''0.N*0».H*0  -  Ppb'T[NO<  (P el  ouze),  is  produced  by  boiling  the  normal  salt 
with  white  lead  and  water  (Pelouze),  or  1  pt.  of  tne  normal  salt  with  I  pt  lead  oxide 
and  water  (Chevreul),  or  by  treating  the  solution  of  the  normal  salt  with  a  quantity 
of  ammonium  not  sufficient  to  throw  down  all  the  lead  as  oxide.  It  crystallises  from 
the  hot  aqueous  solution  in  white  grains  or  nacreous  laminse  and  needles  having  a  sweet 
astringent  tast«.  It  is  but  slightly  soluble  in  cold,  more  soluble  in  hot  watar ;  accord- 
ing to  Pohl,  1  pt.  of  it  dissolves  in  5*15  pts.  water  at  19*2°. 

Triplumbic  nitrate,  3Ppb"0.N»0»  or  Ppb«N»0»,  is  precipitated  with  5  at.  water 


OMPO,  obtained  by  dissolving  formate  of  lead 
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(SPpb^K^O^.S^PO),  on  treating  the  solution  of  the  nonnal  salt  with  a  slight  excess  of 
ammonia,  as  a  white  powder,  slightly  soluble  in  pure  water  and  precipit-ated  by  addition 
of  many  salts  which  do  not  decompose  it.  The  same  salt  is  precipitated,  according  to 
A.  Vogel,  jnn.,  with  twice  the  preceding  quantity  of  water  (Fpb"N*0*.3H*0),  on 
adding  nitrate  of  potassium  or  sodium  to  a  solution  of  basic  acetate  of  lead.  It  is 
sparingly  soluble  m  boiling  water,  crystallises  on  cooling  in  nodules  of  needle-shaped 
crystal,  and  £^yes  off  its  water  of  crystallisation  in  vacuo  at  205^. 

ITexplwmbic  nitrate,  6Ppb''0.NK)*.H*0  -  Ppb"N*0».3Ppb''0.HH),  is  obtained  by 
precipitating  the  normal  salt  with  excess  of  ammonia,  and  digesting  the  washed 
precipitate  with  ammonia^    It  is  a  white  powder,  nearly  insoluble  in  water. 

Ppb» 
Formo^nitrate  of  Lead,    NO' - 

(CHOy) 

in  a  hot  nearly  satorated  solution  of  the  nitrate,  ciystallises  by  slow  cooUng  in  large 
rhombic  plates,  permanent  in  the  air,  and  sparingly  soluble  in  water. 

Pho9pkO'nitrateofLead,^oAo\BH:)  or  Ppb''NK)«.PpVP*0«.2H«0,  is  ob- 

(POrJ 
tained  by  adding  a  soluble  phosphate  to  excess  of  nitrate  of  lead,  as  a  crystalline  pre- 
cipitate, insoluble  in  water,  soluble  in  nitric  acid,  and  crystallises  in  six-sided  plates 
derived  from  an  oblique  rhombic  prism.      It  is  decomposed  by  boiling  water  into 
nitrate  and  orthophosphate  of  lead,  and  when  heated  to  redness  leaves  a  residue  of  basic 

phosphate^  Pj>b"O.PpWP*0*.    (Gerhardt,  Ann.  ChL  Pharm.  Ixviii.  286.) 

KxTBATB  OF  LiTHiuic,  LiKO'.-~The  anhydrous  salt  crystallises  at  15^  in 
rhombic  prisms,  Hke  nitrate  of  potassium ;  of  specific  gravity  2 '334,  according  to 
Kremers  (Pogg.  Ann.  xcii.  520);  according  to  Troost(Ann.  CluPhys.  [3]  li.  134^ 
in  rhombohedral  ciystals,  R .  oB,  having  the  angle  of  the  terminal  edges  «  105^  40' ; 
spedfie  gravity  2*442.  Below  lO^'  the  hydrate,  2LiNO'.5H>0,  crystallises  in  thin 
deliquescent  prisms  (Troost).  The  salt  dissolves  easily  in  water  and  in  sJcohol; 
the  solutions  taste  like  saltpetre^  but  very  pungent.  The  specific  gravities  of  solutions 
containing  various  proportions  of  the  anhydrous  salt,  according  to  the  determinations 
of  Kremers  (Pogg.  Ann«  cxiv.  41),  are  exhibited  in  the  following  table: — 


LINO* 

Specific  gravity 

tn  100  pu. 

at  la-s". 

14-2 

1-0769 

267 

M346 

40-6 

11930 

LiNOs 

Spedflc  graTitr 

in  100  pti. 

at  19-50.. 

67-6 

1-2560 

77-4 

1-3154 

Nitrate  of  lithium  easily  forms  super-saturated  solutions,  which  solidify  at  1^,  often 
in  masses  of  slender  needles,  the  temperature  of  the  solution  rising  to  27^.  (K  r  e  m  e  r  s. ) 

KiTBATB  OF  Maonssiuk,  MgN0».3H*0  or  Mmg"N«0«.6H«0.— This  salt  occurs  in 
the  mother-liquor  of  the  saltpetre-plantations,  and  was  detected  by  Berzelius  in  tbe 
well-waters  of  Stockholm.  It  is  prepared  by  dissolving  Magnesia  alba  in  nitric  acid, 
and  crystallises  from  the  concentrated  solution  in  deliquescent  rhombic  prisms  and 
needles  (monodinic  according  to  Marign  a c),  soluble  in  (  pt  cold  water  and  in  9  pts. 
alcohol  of  specific  ^vity  0*840,  less  soluble  in  absolute  alcohol.  When  dried  over 
oil  of  vitriol,  they  give  off  4  at.  water.  They  melt  when  heated,  and  at  the  temperature 
of  melting  lead  give  o%  according  to  Graham  and  Chodnew,  5  at.  water,  leaving 
the  monohydrated  salt,  Mmg"N'0'.HK),  which,  at  a  still  higher  temperature,  gives  off 
the  rest  of  the  water  and  part  of  the  nitric  acid,  leaving  the  trimagnesic  salt, 

Mmg'N'O'.     Einbrodt,  on  the  other  hand,  doubts  the  existence  of  the  mono- 
h^dnited  salt,  inasmuch  as  he  finds  that  the  hex-hydrated  salt  begins  to  give  off 
mtric  add  before  it  has  parted  with  the  fifth  molecule  of  water. 
Nitnto  of  magnesiom  forms  an  aleoholate,  Mmg"N>0«.6C*H*0  (see  i.  80). 

NiTBATB  OP  Manoanbsb,  MnN0».3H«0  or  Mnm'T5PO«.6H*0.— White  longi- 
tudinally-striated needles^  deliquescent^  and  soluble  in  alcohoL 

KiTBATBS  OF  Mbbcust. — o.  Mercuric  nitrates. — When  mercuric  oxide  is 
dissolved  in  excess  of  nitric  add,  and  the  solution  is  evaporated  at  a  gentle  heat,  the 
normal  salt,  B[gNO^*0  or  Hhg'T^=0*.2H«0,  is  left  in  the  form  of  a  syrupy  liquid, 
which  retains  its  constitution  unaltered  for  several  months.  By  further  evaporation 
over  oil  of  vitriol,  it  yields  bulky  deliquescent  crystals,  consisting  of  the  hydi^te, 
2HhgTNH)'.HK),  which  easily  give  up  a  portion  of  their  add  {ffandw,  d.  Cfum.  vii. 
165).  According  toO.  G.  Mitschorlich  {Gmdin*s  Handbook,  vi.  74),  the  crystals 
obtained  by  evaporating  the  add  solution  of  the  normal  salt  consist  of  the  basic 
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Bait  Hhg''0.Hhg'T?*0*.2H*0.  A  concentrated  solution  made  as  neutral  as  possible 
yields,  when  cooled  to  16°,  large  colourless  rhombic  plates  with  angles  of  about 
67°  melting  at  66°,  and  having  the  composition  Hhg"N*0«.  8H*0.  (D  i  1 1  e  n,  Jahresb. 
1854,  p.  366.) 

Basic  salts. — The  clear  liquid  obtained  by  fusing  the  crystals  of  the  octohydratc 
just  mentioned  deposits  the  salt  Hhg"0.Hhg"N*0'.3H*0,  in  short  colourless  needles, 
which  become  opaque  when  exposed  to  the  air  and  white  by  cod  tact  with  water.  Both 
this  salt  and  the  normal  salt    are  decomposed  by  water,   the    trimercuric  salt, 

3Hhg"0.N*0*.H«0  or  Hhg«N*0».H«0,  being  first  separated  as  a  white  pulverulent  mass, 
and  afterwards  gradually  converted  into  red  mercuric  oxide.  The  trimercuric  salt  with 
1  at.  water  is  likewise  produced  by  heating  either  of  tJie  preceding  salts  till  it  is  con- 
verted into  a  pulverulent  mass,  then  pulverising  it,  and  treating  it  seven  or  eight  times 
with  cold  water.     It  begins  to  give  off  water  at  about  I'iO''  0.,  and  nitrous  fumes  at 

250°.  A  hexmercuric  nitrate,  6Hhg"0.N*0»  or  3Hhg"0.Hfig"N»0«,  is  obtained, 
according  to  Kane,  as  a  brick-red  powder  by  boiling  the  trimercuric  salt  with  water. 

Normal  mercuric  nitrate  treated  with  ammonia  yields  a  number  of  nitrates  of  mer- 
cunimmoniums,  already  described  (iii.  917,  920). 

Double  Salts  of  Mercuric  Nitrate,  a.  With  Mercuric  Cyanide. — 
Hhg''(N0*)*Cy*.2H*0.— Produced,  according  to  Desfosse,  when  a  solution  of  mercuric 
nitrate  is  mixed  with  cyanide  of  potassium,  and  crystallises  in  white  micaceous  scales. 

/9.  Wit\i  Mercuric  Iodide.  Hhc"NW.HhgP(Louisville,Rigel);  2nhg"NK)MIhg''I« 
(Preuss). — Obtained  by  dissolving  the  iodide  in  a  boiling  solution  of  the  nitrate ;  or 
by  treating  mercurous  or  mercuric  iodide  with  nitric  acid.  White  nacreous  scales  which 
are  decomposed  by  wat«r  and  by  alcohol. 

Another  iodonitrate,  Hhg"N*0*.2Hhg"P,  is  obtained,  according  to  Liebig,  in  small 
red  crystals  on  mixing  a  boiling  solution  of  mercuric  nitrate  with  half  as  much  iodide 
of  potassium  as  is  required  for  the  complete  separation  of  mercuric  iodide.  Tlie  solu- 
tion filtered  from  these  crystals,  mixed  with  a  little  nitric  acid,  and  saturated  while 
warm  with  mercuric  iodide,  yieldLs  after  some  days,  white  silky  needles  of  the  compound 
2Hhg"N«0«  3Hhg"I«. 

AU  these  mercuric  iodonitrates  are  decomposed  by  water,  the  iodide  separating  and 
the  nitrate  dissolving.  When  heated,  they  melt,  give  off  nitrous  acid  and  a  sublimate 
of  mercuric  iodide,  and  leave  mercuric  oxide. 

y.  With  Iodide  of  Silver,  2.Hhg"N«0«.4AgLH*0.  Separates  from  a  solution  of 
Filver-iodide  in  hot  aqueous  mercuric  nitrate,  in  slender  needles  which  are  decomposed 
by  wat^r. 

9.  With  Mercuric  Phosphate.  This  double  salt  is  formed  by  mixing  a  solution  of 
sodium-phosphate  with  excess  of  mercuric  nitrate. 

€.  With  Mercuric  Phosphide,  3(Hhg"NK)«.Hhg''0).Hhg«P«.  Produced  by  passing 
phosphoretted  hydrogen  gas  through  a  dilute  acid  solution  of  mercuric  nitrate.  After 
washing  with  water,  it  forms  a  yellow  powder,  which  must  be  dried  in  a  vacuum.  It 
detonates  with  great  violence  when  heated,  less  strone;1yby  percussion ;  also  in  chlorine 
gas.  probably  in  consequence  of  heat  developed  by  the  chemical  action  which  ensues. 

f  With  Mercuric  Sulphate,  Hhg"N«0«.2Hhg"S.  Sulphydric  acid  gas  passed  through 
a  solution  of  mercuric  nitrate  in  quantity  not  sufilcient  for  complete  decomposition  pro- 
duces a  white  precipitate  which  must  be  washed  with  water,  and  then  dried. ;  if  the 
washing  is  continued  beyond  a  certain  time,  the  compound  begins  to  decompose  and 
turn  yellowish.  An  excess  of  sulphydric  acid  converts  it  wholly  into  black  mercuric 
sulphide.  It  is  likewise  decomposed  and  blackened  by  aqueous  carbonate  of  potassium 
or  sodium.  Hot  nitric  acid  decomposes  it  with  formation  of  sulphuric  acid. 
(H.  Rose.) 

Mercurous  Nitrates.  The  normal  salt,  HhgNO".H*0,  is  formed  by  prolonged 
digestion  of  metallic  mercury  in  excess  with  cold  moderately  strong  nitnc  acid,  and 
separates  in  colourless  somewhat  efflorescent,  monoclinic  crystals.  According  to 
Gerhard t  and  Marignac  (Jahresb.  1849,  p.  285),  the  same  salt  is  formed  when  the 
liquid  is  moderately  warmed ;  it  is  best  however  to  decant  the  solution  as  soon  as  the 
first  violent  action  has  somewhat  subsided,  and  leave  the  still  acid  liquid  to  crystallise 
by  cooling.  It  sometimes,  according  to  Gerhardt,  deposits  prismatic  crystala  of  a  basic 
salt,  but  these,  if  left  in  the  liquid,  are  gradually  converted  into  the  normal  suit  The 
latter  is  soluble  without  decomposition  in  a  small  quantity  of  water,  but  a  larger 
quantity  converts  it  into  a  basic  salt.  When  heated  with  water  it  is  resolved  into  per- 
nitric  oxide  and  mercuric  oxide  ;  2HhgN0'  =  Hhg''0  +  NO*. 

Basic  salts. — The  above-mentioned  prismatic  crystals  which  sometimes  separate, 
according  to  Gerhardt,  from  the  solution  of  excess  of  mercury  in  warm  dilute  nitric 
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acid,  are  most  recMiily  obtained,  according  to  Marignac,  when  the  crystals  of  the  normal 
salt  are  warmed  in  their  mother- liquor,  in  contact  with  excess  of  mercury,  and  the  solu- 
tion is  then  left  to  czystaUise  by  cooling.  (The  following  basic  salt  is  often  formed 
at  the  same  time.)  The  ciystals  are  colourless,  shining,  non-efflorescent  prisms, 
belonging  to  the  trimetric  system.  Gerhardt  and  Marignac  obtained  the  same  results 
by  the  analysis  of  these  crystals ;  nevertheless  they  are  regarded  by  Gerhardt  as 
Hhg20.4HhgN0».H«0,  and  by  Marignac  as  Hhg*0.6HhgN0«.H«0. 

i&other  basic  mercurous  nitrate,  Hhg*0.2HhgN0*.H'0,— according  to  Gerhardt, 
Hhg'O.SEUigNO'.H'O, — is  obtained  when  the  adt  produced  by  the  action  of  nitric 
peroxide  vapour  on  mercury  is  triturated  with  a  small  quantity  of  water,  and  the  mix- 
tare  then  heated  to  boiling ;  also  when  normal  mercurous  nitrate  is  suspended  in  water 
and  the  water  heated  to  boiling ;  also,  according  to  Marignac,  when  the  solution  or 
raother-liquor  of  either  of  the  preceding  salts  is  boiled  for  several  hours  with  excess  of 
mercoiy,  the  water  being  replaced  as  it  evaporates  ;  or  when  the  crystals  of  either  of 
the  preceding  salts  are  left  to  stand  for  several  hours  in  contact  with  their  motber- 
liqoor  and  excess  of  mercury.  The  crystals  are  triclinic,  permanent  in  the  air,  colour- 
lets,  hard  and  shining.  (Gerhardt,  Jahresb.  1847 — ^8,  p.  447. — ^Marignac,  loc.cit) 

Lefort,  by  prolonged  digestion  of  mercury  in  excess  with  dilute  nitric  acid  at  40^ 
— SO*',  or  by  evaporating  the  product  of  the  action  of  strong  nitric  acid  on  excess  of 
rnercmy  to  dryness,  and  treating  the  residue  with  boiling  water,  obtained  a  salt  which 
formed  large  prismatic  crystals,  perhaps  identical  with  those  obtained  as  above  by 
Gerhardt  and  Marignac    Lefort^  however,  regards  them  as  Hhg'0.2Hh^NO'.2H^O. 

By  the  action  of  cold  water  on  the  preceding  salts,  Gerhardt  and  Mangnac  obtained 
a  light  yellow  powder  consisting  of  Hhg^0.4H^NO'.3H'0,  as  previously  established  by 
Kane.  Gerhardt  reeards  it  as  the  above-mentioned  triclinic  salt  in  the  amorphous  state. 

Mitscherlich  has  described  another  salt,  HhgH).4HhgNO'.3H'0,  whicn  is  perhaps 
identical  with  the  salt  Hhg*0.4HhgN0*.H«0,  obtained  by  Gerhardt  (vid.  sup.). 
Mitscherlich  obtained  it  by  leaving  cold  dilute  nitric  acid  in  contact  with  excess  of 
mercury,  till  the  crystals  of  the  normal  salt  which  form  at  first,  dissolve  and  are 
replaced  by  others.  Crystals  of  difierent  form,  but  of  the  same  composition  (there- 
fore dimotphous),  are  formed,  according  to  Mitscherlich,  when  the  normal  mercurous 
salt  is  wanned  with  mercurous  oxide  and  water  containing  a  little  nitric  acid.  In  this 
way,  large  limpid  crystals  are  obtained  which  dissolve  in  a  small  quantity  of  water, 
but  are  decomposed  by  a  large  quantity,  either  cold  or  hot. 

The  solution  of  mercurous  nitrate  is  precipitated  by  ammonia,  yielding  a  black  pre- 
cipitate of  yei^  variable  composition,  constituting  the  so-called  Mercuritta  soltAUis 
Hahjiemanni  (iii  920). 

Mercurous  nitrate  forms  double  salts  with  the  nitrates  of  barium,  strontium  and  lead. 

The  lead-salt,  2Ptb'inO«.(Hhg*0.2HhgNO»)  or  HEg'I^^O*^'  "o^*ai°ed,  according  to 

Stideler,  on  mixing  a  moderately  concentrated  solution  of  mercurous  nitrate  with 
nitrate  of  lead,  as  a  white  heavy  precipitate  consisting  of  microscopic  octahedrons  with 
cubic  modification :  dilute  solutions  yield  it  in  larger  crystals  having  an  adamantine 
lustre.  It  dissolves  without  alteration  in  boiling  nitric  acid,  but  is  decomposed  by  pure 
water.     Hie  barium-  and  stronHumsalts  are  similar  in  form  and  composition. 

MercuroMthmereurie  nitrate,  Hhg^.2Hhg''0.N'0'  or  Hhg' 

Hhg". 

gradual  oxidation  of  mercurous  nitrate;  also  when  1  pt  of  mercury  is  boiled  with 
1^  pt  nitric  acid  of  specific  gravity  r2  till  completely  dissolved  (Wi  ttetock).  Ac- 
cording to  Gerhardt  (Jahrusber.  1849,  p.  285),  the  light  yellow  salt  which  covers  the 
hotter  parts  of  the  sides  of  the  yessel  in  which  mercurous  nitrate  is  evaporated,  consists 
of  this  mercuroso-meicuric  salt;  the  same  chemist  obtained  it^  with  evolution  of  nitric 
oxide,  by  fusing  normal  mercurous  nitratei 

NiTBATBS  OF  MoLTBDBNtJic.— Afo/y6<2t<;  nitrate  is  obtained  in  solution  by  satu- 
rating nitric  acid  with  molybdic  hydrate,  or  by  digesting  metallic  molybdenum  in 
dilute  nitric  acid.  It  cannot  be  obtained  in  the  solid  state,  as  the  solution  when  con- 
centrated beyond  a  certain  point,  giyes  off  nitric  oxide  and  leaves  molybdic  acid. 

Molybdous  nitrate  is  obtamed  by  dissolving  molybdous  hydrate  in  dilate  nitric  acid; 
if  the  hydrate  is  in  excess,  a  basic  salt  is  formed.  The  solutions  are  very  unstable 
and  quickly  decompose,  depositing  molybdic  acid.     (B  e  r z  el  i  u  s. ) 

Permol^ie  nitrate  or  nitrate  of  molybdic  add  is  obtained  by  dissolving  molybdic 
anhydride  in  nitric  add  (iii.  1037). 

KiTBATK  OF  Nickel.  NiK0*.3H«0  or  Nni"N*0«.6H'0.— Emerald-green,  eight- 
Mded  prii«ma,— monodinic,  according  to  Marignac, — which  effl<Hreece  in  dry  and  de- 
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liquesce  in  moist  air,  dissolying  in  2  pfcs.  of  cold  water,  also  in  alcohol,  and  when 
heated  leare  a  yeliowish-gieen  pulverulent  basic  salt^  then  peroxide,  and  finally 
protoxide  of  nickel. 
An  ammoniacal  nitrate  of  nickel,  Nni'TTO*.4NH«.H«0  (or  2H«0  accoiding  to 
Nni"   )^4 
lianrent)    »    H'^      j-^,,   is  deposited  in  octahedral  cxTstals,  from  a  warm  oon- 

(N0»)»  J  " 
centrated  solation  of  nickel  in  ammonia.    The  crystals  when  exposed  to  the  air,  give 
off  ammonia  and  cromble  to  a  blnish-white  powder.— This  salt  unites  with  chloride 
of  nickel-ammonium,  forming  rather  large  aznre-blne  octahedrons  of  the  donble-salt, 
Nni"     )jj4 

(NO*)*  ) 

NiTBATB  OF  Osxivic.  08"NK)'. — Osmions  hydrate  dissolves  with  green  colour 
in  cold  nitric  acid,  and  the  saturated  solution  dries  up  on  evaporation  to  a  green 
transparent  varnish.    (Berzelius.) 

NiTSATB  OF  Falladiuic.  Pd"NH)'. — Cold  nitric  acid  slowly  dissolves  palla- 
dium, without  evolution  of  nitric  oxide,  the  liquid  becoming  charged  with  nitrous  acid; 
if  the  liquid  is  warmed,  solution  takes  place  more  quickly,  with  evolution  of  nitric 
oxide.  The  brown  solution  evaporated  to  a  syrup,  and  then  left  over  oil  of  vitriol, 
deposits  long  narrow  rhombic  prisms,  of  brown-yellow  colour,  and  vezy  deliquescent. 
From  a  dilute  solution,  the  whole  of  the  palladium  is  gradually  deposited  in  the  fbnn 
of  a  basic  salt.  Sy  evaporation  between  100^  and  120°  iJso,  the  normal  salt  is 
almost  whoUy  converted  into  a  basic  salt.  If  the  solution  is  evaporated  at  a  low  tem- 
perature, and  the  residual  salt  treated  with  water,  a  turbid  solution  is  obtained,  and  a 
basic  salt  remains  behind,  which  according  to  Fischer,  is  completely  converted  into 
oxide  by  heating  to  120° — 130°.  For  the  basic  salt  precipitated  from  the  solution  of 
the  normal  salt  by  water  or  by  a  small  quantity  of  potasn,  Elane  gives  the  formula 
4Pd"0.N»0».4H«0. 

The  nitrates  of  the  paUadammoniums  wiU  be  described  under  Palladiux-basbs^ 

AlCXOKIACAL. 

Nitrates  of  PtATiwuiff.  Platinic  Nitrate,  Pt."N«0«  or  Ppt»'N*0",  is 
obtained  bv  dissolving  platinic  hydrate  in  nitric  acid,  or  better  by  decomposing  the 
sulphate  with  nitrate  of  barium,  or  by  mixing  the  chloride  with  nitrate  of  potassium 
as  loDg  as  a  precipitate  is  thereby  produced,  a  third  of  the  platinum  present  being 
thereby  converted  into  platinic  nitrate.  The  decanted  dark  brown  liquid  yields  by 
evaporation,  a  mass  of  tne  thickness  of  honey,  which  after  evaporation  to  dryness, 
dissolves  only  partially  in  water,  leaving  a  basic  salt. 

For  the  nitrates  of  the  platinammoniums,  see  Plathtuic-basbs,  Amx oniacai.. 

Potassio^latinic  nitrate, — ^When  caustic  potash  is  added  to  a  solution  of  platinic 
nitrate,  only  half  the  base  separates  as  hydrate,  the  rest  as  a  basic  double  i^t  of  much 
lighter  colour  than  the  hydrate.  Sodio-piatinic  nitrate  is  known  only  in  solution.  It 
is  formed  by  decorating  sodio-platinic  chloride  with  hydrate  of  sodium,  at  a  heat 
below  redness,  washmg  out  the  resulting  chloride  of  sodium  with  water,  and  dissolving 
the  residual  sodio-platinic  oxide  in  nitric  acid.  The  dark  yellow  solution  yields,  with 
nitrate  of  silver,  a  yellow  precipitate  soluble  in  nitric  acid.    (Dobereiner.) 

Platinous  nitrate, — ^Flatinous  hydrate  dissolves  in  dilute  colourless  nitric  acid, 
and  the  green-brown  solution  dries  up  to  a  viscid,  greenish,  dark  brown  mass,  in  which 

Slatinic  oxide  is  gradually  formed  at  the  expense  of  the  nitric  acid,  and  more  abun- 
antly  as  the  add  is  in  greater  excess.    (Berzelius.) 

NiTBATB  OF  Potassium.  KNO*.  Saftpetre,  Nitre,  Prismatic  Saltpetre,  PotoMh- 
nitre,  Nitrumfixum, — This  salt  is  very  widely  dijQfiised  as  a  natural  product,  occurring 
constantly,  though  in  small  proportion  only,  as  a  constituent  of  vegetable  soil,  and 
according  to  Boussingault  (Compt  rend.  xUv.  108>119)of  spring  and  river  water. 
It  is  never  found  in  large  beds  like  nitrate  of  sodium ;  but  veins  of  it  occur  in  the 
sandstone  of  Bradford  County,  Pennsylvania  (Ellet,  Edinb.  Phil.  J.  Ivii.  367).  The 
chalk  and  other  recent  calcareous  formations  are  particularly  rich  in  saltpetre.  On 
the  banks  of  the  Seine,  near  Koche-Gnyon  and  Honsseau,  there  are  several  caves 
which  are  used  as  stables ;  in  the  front  ^art  of  these  caves,  looking  towards  the  south, 
the  saltpetre  accumulates,  especially  dunng  the  summer  season,  and  in  such  quantity 
that  it  is  collected  several  times'  in  a  year,  and  continually  reproduced.  Lavoisier  found 
in  the  earth  taken  from  the  cave  of  Fouqui^res,  3|  per  cent,  and  in  that  of  Mousseau,  5| 
per  cent  nitrat«  of  potassium,  after  the  aqueous  extract  of  the  earth  had  been  treatea 
with  potash  to  convert  the  nitrates  of  calcium  and  magnesium  into  nitrate  of  potassium. 

The  saltpetre  caverns  of  Ceylon,  which  are  natuial  caves  in  a  dolomitic  rook  con- 
taining felspar,  are  of  especial  importance.    Some  of  these  caves,  like  that  of  BouUat- 
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wellegode,  are  the  resort  of  large  flocks  of  bats,  whose  excrement  collects  in  them :  in 
others,  as  in  that  of  Kemoora,  there  are  none  of  these  animals.  Davy  found,  in  a 
specimen  of  rock  finom  this  cave,  2*4  per  cent  nitrate  of  potassium,  0*7  nitrate  of  mag- 
nesium, 0*2  sulphate  of  magnesium,  26*5  carbonate  of  calcium,  0'4  water,  and  60*8  of 
residue  insoluble  in  dilute  nitric  acid,  and  consisting  of  quartz,  mica  and  talc  Similar 
caves  are  found  to  exist  on  the  coast  of  the  Adriatic,  in  Ital^  (Palo  di  Mofetta), 
in  Tennessee,  Kentudnr,  on  the  Missouri  and  Crooked  Eivers  in  North  America,  in 
Africa,  and  in  Teneriflle. 

In  South  America,  and  in  some  districts  of  India,  Arabia,  Persia,  Spain,  and  Hun- 
gary, the  mode  of  occurrence  of  saltpetre  is  somewhat  different.  In  these  districts, 
nitrates  are  found  widely  disseminated  through  the  soil,  but  never  extending  to  any 
great  depth  below  the  surface,  not  lower,  indeed,  than  the  air  can  easily  penetrate. 
The  infiltration  of  lain  and  dew  dissolves  these  salts,  and  the  solution  rismg  to  the 
surface  by  capillary  action,  is  evaporated  by  the  action  of  the  sua  and  air,  and  forms 
an  efflorescence  on  the  sur&ce.  In  Bengalese  saltpetre  earth,  from  the  district  of 
Tirh^t,  Davy  found  8*3  per  cent,  nitrate  of  potassium,  3*7  nitrate  of  calcium,  0*8  sul- 
phate of  <»lcium,  0*2  diloride  of  sodium,  35*0  carbonate  of  calcium  with  traces  of 
magnesium,  12*0  water  with  a  little  organic  matter,  and  40*0  matter  insoluble  in 
nitric  acid.  The  soil  in  some  parts  of  Spain  is  also  impregnated  with  saltpetre,  as  in 
New  Castile,  Arragon,  Catalonia,  La  Mancha,  Granada,  &c. 

The  formation  of  nitric  acid  in  these  several  localities  lb  in  all  probability  due  to 
the  oudation  of  ammonia  (p.  88) ;  for  the  production  of  saltpetre  is  always  found  to 
take  place  most  abundantly  where  there  is  a  large  quantity  of  vegetable  or  animal 
matter  in  a  state  of  putre&ction,  or  where  the  ur  contains  a  considerable  quantity  of 
ammonia  resulting  from  such  decomposition.  Hence  it  is  that  the  quantity  of  salt- 
petre naturally  produced  in  tropical  climates  very  &r  exceeds  that  which  is  formed  in 
Europe,  the  luxuriant  vegetation  of  the  tropics  supplying  a  never-failing  source  of  am- 
monia, while  the  high  temperature  and  the  moisture  of  the  air  facilitate  its  oxidation. 
An  indispensable  condition,  however,  for  the  formation  of  nitrates  in  large  quantity,  is 
the  presence  of  alkaline  or  earthy  bases  to  fix  the  nitric  acid  as  soon  as  it  is  formed : 
in  the  absence  of  such  bases  indeed,  and  under  the  reducing  influence  of  oiganic  matter, 
nitric  acid  already  formed  may  be  reconverted  into  ammonia :  hence  the  non-pro- 
duction of  nitrates  in  dung-heaps,  where  earthy  matters  are  not  present. 

This  theory  is  quite  in  accordance  with  the  conditions  which  are  found  essential  to 
the  artificial  production  of  saltpetre  in  temperate  climates,  as  in  the  saltpetre  plantations 
aJready  described  (p.  83),  these  conditions  being  an  abundant  supply  of  ammonia,  the 
presence  of  earthy  and  alkaline  bases,  free  access  of  air,  and  a  mean  temperature  not 
lower  than  16®— 20O. 

The  solution  obtained  by  lixiviating  the  saltpetre^earih  thus  formed  consists,  as 
already  observed,  chiefly  of  the  nitrates  of  calcium  and  magnesium,  with  smaller 
quantities  of  the  nitrates  of  potassium  and  sodium,  besides  alkaline  chlorides.  It  is 
treated  with  carbonate  of  potassium  (potashes)  to  convert  the  earthy  nitrates  into 
nitrate  of  potassium,  which  is  depositea  in  an  impure  state  from  the  filtered  solution 
by  crystallisation. 

Natural  saltpetre-earth  is  treated  in  a  similar  manner  with  wood-ashes,  when  the 
earthy  nitrates  predominate  in  it ;  that  of  Bengal  however,  which  is  rich  in  nitrate  of 
potassium,  does  not  require  this  treatment,  the  saltpetre  being  extracted  from  it  merely 
by  lixiviation,  boiling  and  crystallisation. 

The  crude  saltpetre  thus  obtained  is  contaminated  with  the  chlorides  of  potassium 
and  sodium  (sometimes  to  the  amount  of  26  per  cent.)  besides  organic  (so-called 
extractive)  matter.  To  remove  these  impurities,  which  are  exceedingly  objectionable 
in  all  the  applications  of  saltpetre,  whether  for  the  preparation  of  nitric  acid  or  the 
mannfiicture  <^  gunpowder,  the  crude  saltpetre  is  subjected  to  a  refining  process. 

The  greater  -part  of  the  chloride  of  sodium,  which  always  constitutes  the  greater 
part  of  the  impurities  present,  and  is  much  less  soluble  in  boiling  water  than  nitrate 
of  potassium,  is  separated  by  treating  the  crude  saltpetre  with  a  quantity  of  boiling 
water  sufficient  to  dissolve  the  whole  of  the  nitrate  of  potassium,  but  not  the  whole 
of  the  chloride  of  sodium.  Thus,  suppose  6,000  lbs.  of  the  crude  salt  containing 
6  per  cent,  chloride  of  calcium  and  14  per  cent,  chloride  of  sodium  to  be  treated  with 
12,000  lbs.  of  boiling  water;  the  solution  will  then  take  place  in  the  following  manner: 

The  18,000  Ibi.  of  water  are 
ca|MU>l«  of  diaiolTiug 
at  10(P: 
\hu  lb*. 

Chloride  of  potassium        .        .  860        .        .  684 

Chloride  of  sodium    ...  840        .        .  324 

Nitrate  of  potassium  4800        .  4800 

6000 
H  2 
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There  will  then  remain,  when  the  water  has  ceased  to  act,  840  —  324  «  616  11m. 
of  chloride  of  sodium  undissolved.  This  residual  salt  is  scooped  out  of  the  pan,  and 
the  solution,  after  being  diluted  to  a  certain  extent,  is  boiled  with  glue,  to  coagulate 
the  extractive  matters  and  cause  them  to  rise  as  a  scum  to  the  surface.  This  having 
been  removed,  the  concentrated  solution  is  transferred  to  the  crystallising  pan,  in 
which  it  is  left  to  cool,  and  as  soon  as  ciyst^llisation  begins,  the  liquid  is  constantly 
stirred,  so  as  to  prevent  the  formation  of  largo  crystals  (which  would  inclose  consi- 
derable quantities  of  mother-liquor  in  their  cavities)  and  cause  the  nitrate  of  potassium 
to  separate  out  in  the  form  of  a  ciystalline  powder  called  saltpetre-flour.  By  this 
means,  a  mass  of  minute  crystals  of  nitrate  of  potassium  is  obtained,  merely  contami- 
nated with  adhering  mother-liquor,  which  is  easily  removed,  partly  by  draining,  and 
finally  by  washing  with  a  saturated  solution  of  pure  nitrate  of  potassium,  which,  though 
unable  to  take  up  any  more  of  that  salt,  is  still  capable  of  dissolving  the  alkaline 
chlorides  contained  in  the  adhering  mother-liquor.  It  then  only  remains  to  dry  the 
purified  saltpetre  by  heat. 

Production  of  Nitrate  of  Potassium  from  Chile  Saltpetre. — ^Nitrate  of  sodium  is 
easily  converted  into  nitrate  of  pitassium  by  adding  it  to  a  hot  concentrated  solution 
of  carbonate  of  potassium.  An  immediate  precipitation  of  carbonate  of  sodium  takes 
place,  and  if  this  be  removed  as  long  as  it  continues  to  separate  on  further  evaporation, 
and  the  remuning  solution  left  to  cool  in  the  crystallising  pans,  saltpetre-flour  is 
obtained,  which  merely  requires  washing  and  drying  as  above  described  to  render  it 
pure.  100  lbs.  of  nitrate  of  sodium  require,  according  to  the  purity  of  the  salt,  from 
80  to  100  lbs.  of  carbonate  of  potassium. 

This  mode  of  preparation  is  much  easier  than  those  already  described,  and  in 
localities  where  potash  is  not  too  expensive,  is  now  extensively  adopted.  The  chief 
difficulty  experienced  in  carrying  it  out  arises  from  the  presence  of  common  sale  in 
Chile  saltpetre :  for  if  more  pot-ash  be  added  than  is  required  to  decompose  the 
nitrate  of  sodium,  the  excess  decomposes  chloride  of  sodium  to  no  purpose ;  and  in  the 
contrary  case,  the  product  is  likely  to  be  contaminated  with  undecomposed  nitrate  of 
sodium.  The  best  way  of  averting  this  inconvenience  is  to  purify  the  nitrate  of  sodium 
by  previous  crystallisation. 

Some  manufacturers  render  the  potash  caustic  by  means  of  lime  before  mixing  it 
with  the  nitrate  of  sodium,  and  after  keeping  the  mixed  solution  in  a  state  of  ebullition 
for  some  time,  leave  it  to  cool  slowly  in  a  closed  vessel.  Nitrate  of  potassium  then  cxys- 
tallises  out,  and  caustic  soda  remains  in  solution. 

In  Belgium,  large  quantities  of  saltpetre  are  obtained  by  decomposing  nitrate  of 
sodium  with  potash  obtained  from  the  ashes  of  the  beet-root  sugar  manufacture.  The 
nitrate  of  potassium  from  this  source  is  very  pure,  and  is  produced  at  a  very  low  price. 

Nitrate  of  sodium  may  also  be  converted  into  nitrate  of  potassium  by  double  decom- 
position with  chloride  of  potassium  in  equivalent  proportions  (74*7  pts.  ECl  to  85  pts. 
of  NaNC).  On  evaporating  the  mixed  solution,  chloride  of  sodium  separates  out  first, 
while  nitrate  of  potassium  remains  in  the  mother-liquor,  and  crystallises  on  cooling. 

Properties. — ^Nitrate  of  potassium  is  dimorphous.  It  usually  cr)'stallises  from  con- 
centrated aqueous  solution  in  long  six-sided  prisms  belonging  to  the  trimetric  system,  and 
frequently  exhibiting  the  combination  ooP .  oo^ao  .  2^00  .  ^oo  .  P  (fig.  268,  Cbtstaixo- 
GBAFHT,  ii.  147 ),  or  me  same  without  f  oo  ;  also  without  P.  The  combinations  P  .  2J^oo  . 
GoP .  oot^oo ,  and  P  .  2f*ao  likewise  occur.  Katio  of  axes  a\  b  '.  c  »  0*689  :  1  : 
0*701.  P  :  P  in  the  brachydiagonal  principal  section  =»  131°  27';  (macr.)  «  91°  29'; 
(basal)  »  108«>  12' ;  ooP  :  ooP  -  61°  0' ;  f  oo  :  f  oo  (basal)  -  70°  4' ;  2?oo  :  2poo 
(basal)  »  109.  Cleavage  imperfect  parallel  to  ooP ;  somewhat  easier  parallel  to  ^oo  . 
Specific  gravity,  «  2-11  (Kopp)  ;  2-1006  (Karsten) ;  2100  (Schiff);  2-086 
(Schroder).  The  crystals  are  anhydrous,  but  often  contain  mother-liquor  inclosed 
in  their  cavities.  Nitrate  of  potassium  also  crystallises  in  rhomboliedral  forms  resem- 
bling ordinary  calcspar.  Prankenheim  (Pogg.  Ann.  xcii.  354)  observed  that  when  a 
drop  of  saltpetre  solution  is  left  to  evaporate  under  the  microscope, '  rhombohedral 
crystals  make  their  appearance,  together  with  the  ordinary  prismatic  crystals ;  if  the 
evaporation  takes  place  veiy  slowly,  the  crystals  are  almost  wholly  rhomc)ohedral,  and 
these  if  touched  with  a  prismatic  crystal,  immediately  become  turbid  and  are  converted 
into  a  mass  of  prismatic  crystals.  On  the  other  hand  a  prismatic  crystal  of  saltpetre 
may  be  converted  into  a  mass  of  rhombohedral  crystals  by  heating  it  nearly  to  its 
melting  point  AU  these  phenomena  may  be  veiy  distinctly  observed  by  means  of 
the  polarising  microscope. 

Nitrate  of  potassium  is  white,  inodorous,  and  has  a  cooling  bitter  taste.  When 
perfectly  pure  it  dissolves,  according  to  Gay-Lussac,  in  7^  pts.  water  at  0°,  in  nearly 
3^  pts.  at  18°,  in  1§  pt  at  46°,  in  less  thaii  J  pt.  at  90°  and  in  0*4  pt  at  iwfi. 
According  to  H.  Schiff  (Ann.  Ch.  Pharm.  cvii.  293)  the  specific  gravities  of  aqueoua 
solutions  of  nitrate  of  potassium  of  various  strengths  are  as  follows : 


relght  of  KNOa 

Specific  g:raTlt7 

in  100  pts.  of 

of  Bolutfon 

aolutloD. 

at  aio. 

8-31 

10510 

6-64 

.        .10337 

2-77 

1-0170 

Wefght  of  anhydrous 
alcobolin  100  pU. 
of  spirit. 
40 

Weight  of  KNO»  la 

100  pU.  of  solution 

saturated  at  15°. 

43 

50 

2-8 

60 

1-7 

80 

0-4 
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Weight  of  KNO>  Specific  gravity 

in  100  pts.  ot  of  soltttloa 

■olutlon.  at  2\^. 

24-93  .         .         1-1683 

16-62  .         .         11073 

11-08  .        .         1-0695 

Aoeoiding  to  Kremers  (Jahresb.  1861,  p.  61),  the  specific  gravity  at  19*5°  of  Bolution 
of  Hdtpetre  containing  12*7  per  jcent.  of  saltpetre,  is  10695;  of  a  23-7  per  cent, 
solution,  1*1275.  It  is  sparingly  soluble  in  aqueous  alcohol,  quite  insoluble  in  absolute 
aloohoL — Schiff  {ibid.  p.  87)  has  made  the  following  determinations  of  the  solubility 
of  nitrate  of  potassium  in  spirits  of  wine  of  various  strengths : 

Weight  of  anhvdroaa  Weight  of  K N O' 

alcohol  In  100  pts.  in  100  pts.  of  soliitior 

of  spirit.  saturated  at  ISO. 

0  .  .  .  20-5 

10  .  .  .  13-2 

20  .  .  .  8-0 

30  .  .  .  5-6 

(See  further,  Storer's  Dictionary  of  SoiubilitieSj  p.  389.) 

Nitrate  of  potassium  melts  below  a  red  heat  without  loss  to  a  colourless  liquid,  which 
solidifies  on  cooling  to  a  white  opaque  fibrous  mass  called  in  commerce  Mineral 
crystal,  Nitrum  tabulatuTn,  SalpruTulks;  the  commercial  product  often  however  contains 
nitrite  of  potassium,  in  consequence  of  too  much  heat  having  been  employed  in  the 
fusion.  At  a  red  heat,  saltpetre  gives  off  oxygen  gss,  at  first  tolerably  pure,  but  after- 
wards contaminated  with  a  continually  increasing  quantity  of  nitrogen,  and  is  thereby 
converted  first  into  nitrite,  then  into  a  mixture  of  protoxide  and  peroxide  of  potassium. 
Saltpetre  defiagrates  in  the  fire  with  charcoal  and  other  combustible  bodies ;  as 
BQlphur,  phosphorus,  iron,  zinc,  &c. ;  and  even  oxidises  gold,  silver,  and  platinum. 
By  ignition  in  contact  with  copper  foil,  it  is  converted  into  nearly  pure  protoxide  of 
potassium,  which  when  dissolved  in  water,  yields  caustic  potash.  Iron,  at  a  red  heat, 
decomposes  the  saltpetre  quite  as  easily  as  copper,  but  the  product  is  contaminated 
with  the  foreign  substances  present  in  the  iron.  (Wohler,  Ann.  Ch.  Pharm.  Ixxxvii. 
373.) 

On  the  oxidising  power  of  saltpetre  at  a  red  heat  depends  its  use  in  the  manufacture 
of  gunpowder  (ii.  956 X  and  other  explosive  mixtures.  It  is  frequently  also  employed 
in  Uie  preparation  of  lucifer  matches  instead  of  chlorate  of  potassium,  and  has  the  ad- 
vantage of  producing  a  composition  which  ignites  by  friction  without  the  inconvenient 
and  dangerous  projection  of  burning  particles,  which  often  takes  place  on  the  ignition 
of  ordinary  matches  made  with  the  chlorate. 

Valuation  of  Saltpetre, — For  the  various  applications  of  saltpetre,  and  especially  for 
the  manufacture  of  gunpowder,  it  is  important  to  possess  a  ready  method  of  ascertaining 
its  relative  purity.  One  of  the  oldest  methods  is  that  ofSchwarz,  adopted  in  Sweden, 
which  is  btued  upon  the  appearance  of  the  fractured  surface  of  the  melted  salt,  that  of 
pure  nitrate  of  potassium  being  coarsely  radiate,  whereas  when  chloride  of  sodium  is 
presoit,  this  structure  becomes  less  distinct,  and  with  3|  per  cent,  of  that  salt,  is  visible 
at  the  edges  only,  the  interior  of  the  mass  being  amorphous.  This  crude  method  is 
called  the  refraction  of  saltpetre,  a  term  which  has  been  somewhat  strangely  extended 
to  other  methods  of  valuation.  In  France  Bif fault's  method  is  sometimes  used, 
which  consists  in  washing  a  weighed  quantity  of  the  saltpetre  with  a  saturated  solution 
of  pore  nitrate  of  potassium  at  16^ ;  this  solution  extracts  the  chlorides,  leaving  the  pure 
nitrate^  which  is  drained  from  mother-liquor  on  slabs  of  gypsum,  then  dried  and 
ireighed.    This  method,  like  the  preceding,  can  give  only  rough  approximations. 

A  more  exact  method  is  that  of  Gay -Lus sac,  which  consists  in  igniting  1  pt.  of 
the  saltpetre  with  ^  pt  charcoal  and  4  pts.  common  salt  to  moderate  the  action.  The 
nitrate  is  thereby  converted  into  carbonate,  the  amount  of  which  can  be  estimated  by 
titration  with  standard  sulphuric  acid.  Errors  may  however  arise  in  this  process,  partly 
from  a  portion  of  the  nitrate  remaining  undecomposed,  partly  from  formation  of  cyanide 
of  potassium;  but  according  to  Abel  and  Bloxam  (Chem.  Soc.  Qu.  J.  ix.  97),  ex- 
act results  mav  be  obtained  by  the  use  of  very  finely  divided  carbon,  namely  B  r  o  a  i  e '  s 
prepared  graphite  (i.  758),  the  proportions  being  20  pts.  saltpetre,  5  graphite,  and  80 
ehloride  of  sodium.  If  the  saltpetre  contains  sulphates,  which  will  be  reduced  to  sul- 
phides br  ignition  with  carbon,  a  small  quantity  of  chlorate  of  potassium  must  be 
sprinkled  on  the  suifiice  of  the  mass  immediately  after  removal  from  the  fire;  the  sul- 
phides will  be  thereby  completely  reconverted  into  sulphates. 

The  quantity  of  nitrate  of  potassium  in  a  sample  of  commercial  saltpetre  ma^  also 
be  estimated  by  Felonae'  a  method,  depending  on  the  oxidation  of  ferrous  chlonde  by 
nitric  add  (p.  87),  or  1^  igniting  the  saltpetre  with  silica  or  anhydrous  borax  (p.  86). 
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In  Anitria,  saltpetre  is  assayed  by  the  method  of  Rubz,  founded  on  the  Taiymg  so- 
lubility of  nitrate  of  potassium  in  water  at  different  temperatures.  6  oe.  of  the  saltpetre 
to  be  tested  are  dissolved  in  12  oz.  of  water  at  60°  C.  and  the  temperature  is  observed 
at  which  the  liquid  just  begins  to  deposit  crystals.  The  percenUge  of  nitrate  of  potas- 
sium is  then  determined  by  the  following  table,  the  results  not  being  affected  by  the 
presence  of  chlorides. 

CryBtaUmng  points  of  eoluHons  of  Nitrate  of  Potassium  of  various  degrees  of 

concentration. 


Tempers* 

tore. 
Reaumur. 

Quantity  of 

pure  saltpetre  io 

iOOparU  of  the 

s<dution. 

Quantity  of    • 
pure  saltpetre  In 
100  parts  of  the 
sample. 

Tempera* 

ture. 
Reaumur. 

Quantity  of 

pure  saltpetre  in 

100  t>arts  of  tlie 

solution. 

Quantity  of 
pure  saltpetre  in 
100  parts  1  i  the 
sample. 

+  8<> 

22-72 

66  7 

+ 14-26° 

3000 

76 

8-25 

22-63 

66-3 

14-60 

30-36 

75-9 

8-60 

22-80 

67-0 

14-76 

30-72 

76-8 

8-76 

2308 

67-7 

16 

81-09 

77-7 

9 

23-36 

68-4 

16-26 

31-46 

78-6 

9-26 

23-64 

691 

15-60 

31-83 

79-6 

9-60 

23-92 

69-8 

16'76 

3221 

80-6 

9-76 

24-21 

60-6 

16 

32-69 

81-6 

10 

24-61 

61-3 

1625 

33-97 

82-4 

10-26 

24-81 

62 

16-60 

33'36 

83-4 

10-60 

26-12 

62-8 

16-76 

83-75 

84-4 

10-76 

26-41 

63-6 

17 

3415 

86-4 

11 

26-71 

64-8 

17-26 

34o5 

86  4 

11-26 

26  02 

66 

17-50 

34-90 

87  4 

11-60 

26-32 

65-8 

17-76 

36-38 

88-4 

11-76 

26-64 

66-6 

18 

35-81 

89-5 

12 

26-96 

67-4 

18-26 

36-26 

90-6 

12-26 

27-28 

68-2 

18-60 

3670 

91-7 

12-60 

27-61 

69 

18-76 

87-16 

92-9 

12'75 

27-94 

69-8 

19 

87-61 

94 

13 

28-27 

70-7 

1926 

38-01 

96-2 

13-26 

28-61 

71'6 

19-60 

38-66 

96-4 

13-60 

28-96 

72-4 

19-76 

39-03 

97-6 

13-76 

2930 

73-2 

20 

39-61 

98-8 

14 

29-66 

741 

20-25 

40 

100 

According  to  F.  Toel  (Ann.  Ch.  Fharm.  c  78)  Husz's  method  gives  exact  results 
only  when  40  pts,  of  tiie  saltpetre  to  be  tested  are  dissolved  in  exactly  100  pts.  of  water 
at  45°  B.  (66^  C,  or  133^  F.),  the  solution  subsequently  cooled  by  immersing  the  vessel 
in  cold  water,  and  the  temperature  at  which  crystallisation  begins,  carefully  observed, 
the  solution  being  constantly  stirred  as  it  cools.  To  ensure  the  right  proportion,  the 
saltpetre  is  dissolved  in  the  proper  quantity  of  water  contained  in  a  tared  beaker  glass 
with  a  thermometer  inserted,  and  heated  to  46° — 60°  B.  in  a  water-bath,  the  water 
which  evaporates  while  the  salt  is  dissolving  being  replaced.  The  solution  is  filtered 
to  remove  any  solid  particles  suspended  in  it,  which  might  cause  the  crystallisation  to 
tuke  place  too  soon,  and  the  first  half  which  runs  thrGUffh  is  nsed  for  observing  the 
temperature  at  which  crystallisation  begins.  With  10  drachms  of  saltpetre  and  26 
drachms  of  water,  the  quantity  of  water  which  evaporates  during  the  operation  gene- 
rally amounts  to  8  or  10  grains,  and  that  which  is  lost  during  the  oooUng  and  stirring 
to  2  or  3  grains. 

By  this  method,  Toel  and  Hoyermann  also  determine  the  amount  of  nitrate  of  sodium 
in  nitrate  of  potassium,  an  impurity  which  generally  exists  in  the  salt  prepared  ficom 
Chile  saltpetre,  in  oonsec^uence  of  imperfect  decomposition.  The  amount  of  nitrate  of 
potassium  is  first  determined  in  the  eiven  sample,  exactly  in  the  manner  just  described; 
then  about  7^  drachms  are  dissolved  in  25  drachms  of  water,  a  drachm  of  carbonate  of 
potassium  is  added,  the  aprstallising  point  is  observed,  and  the  solution  is  boiled 
for  an  hour  to  convert  the  nitrate  of  sodium  completely  into  nitrate  of  potassium.  The 
solution  is  now  left  to  cool  to  60°  B^  the  water  being  replaced  as  it  evaporates,  then 
filtered,  and  the  crystollising  point  again  observed.  If  the  sample  contained  nitrate  of 
sodium,  the  cseystallising  temperature  will  now  be  found  higher  than  before,  viz.  0*16° 
B.  for  1  per  cent  of  nitrate  ol  sodium,  0*36°  B,  for  2  per  cent.,  0'8°  R  for  3  per  cent, 
and  \'6r  B.  for  4  per  cent. 
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The  amount  of  nitnte  of  sodium  in  saltpetre  may  also  be  approximately  determined 
hy  ascertaining  the  quantity  of  water  which  it  absorbs  when  exposed  to  an  atmosphere 
saturated  with  moastnre.  According  to  the  observations  made  oy  the  Pmssian  officers 
of  aitiUery,  it  appears  that  pure  nitrate  of  potassium  exposed  over  the  sorfuse  of  water 
for  foniteen  days,  remains  oomparatiTely  dry,  whilst  nitrate  of  sodinm  placed  imder  the 
same  ciicumstanoes,  absorbs  26  per  cent,  of  water.  When  artificial  mixtures  of  the 
two  salts  in  a  pure  stat^  are  subjected  to  the  same  treatment^  the  quantities  of  water 
absorbed  are  as  follows : 


Ktxture  with  percentage) 
of  nitrate  of  sodium 

0-6 

1 

3 

6 

10 

Abeorbed  in  14  days 

2-6 

4 

10 

12 

19 

Water,  per  cent 

All  gunpowder  containing  this  variety  of  saltpetre  would,  of  course,  become  moist 
in  the  same  proportions,  and  would  thus  be  rendered  useless. 

A  third  method  of  determination  is  based  upon  the  alteration  which  an  admixture 
of  nitnte  of  sodium  produces  in  the  solidifying  point  of  saltpetre  heated  above  its 
melting  point.  Nitrate  of  potassium  melta  at  358^  C.  (674*4^  F.),  and  nitrate  of 
sodium  at  ZIZ^  C,  (5954^  F.).  For  mixtures  of  100  pte.  nitrate  of  potassium  with 
different  proportions  of  nitrate  of  sodium,  the  following  melting  points  have  been 
observed. 


QnattltlMof 
NaNOSMkM 

to  100  DtS. 

10  pts.    . 

Heltinfpolntt. 
,  3110  C-   691-8  OF. 

QoROtitlra  of 
NaNQS  added 
to  100  pu. 
KNO>. 

60  pts.    . 

Mrltlng  poInU. 
.  229*>  C.  -  444-2» 

20     „       . 

.  280        -  686 

60    „       . 

.  244        «  471-2 

30    „       . 

.260        -  482 

70    „      • 

.  262        -   603-6 

40    „       . 

.230        -  446 

80    „      . 

.  281        -  637-8 

45-7 ,.       . 

.  226        -  438 

90    „      . 

.  298        -   668*4. 

The  lowest  melting-point  is  exhibited  by  a  mixture  of  the  two  salts  in  equivalent 
proportions  (46*7  per  cent,  of  nitrate  of  sodium),  which,  according  to  Sdiafl^otsch,  melts 
at  226^  C.,  and  according  to  Person  at  219*8°. 

Small  quantities  of  nitrate  of  sodium  mixed  with  nitrate  of  potassium  may  be  de- 
tected by  the  yellow  colour  which  sodium-compounds  impart  to  the  blowpipe  flame,  or 
still  better  by  spectral  analysis  (iii.  622). 

Small  quantities  of  chlorides  sometimes  present  in  refined  saltpetre  are  easily  de- 
tected by  nitrate  of  silver  and  estimated  by  means  of  a  standard  solution  of  that  salt 

Persons  method  for  the  complete  analysis  of  Saltvetre  (lUp.  Chim.  app.  1861,  pp. 
263,  366). — The  quantity  of  water  is  first  determinea  by  heating  60  grms.  of  the  salt- 
petre in  a  platinum  crucible,  and  weighing  it  after  cooling,  care  being  taken  that  the 
neat  does  not  rise  much  above  the  melting  point  If  the  saltpetre  contains  nitrate  of 
«J<*i«m  or  magnesium,  1  grm.  of  diy  chromate  of  potassium  must  be  added,  to  prevent 
the  decomposition  of  these  salts. 

To  determine  the  insoluble  matters,  the  fbsed  mass  is  treated  with  water,  the  liquid 
filtered,  and  Uie  undissolved  matter  washed,  dried  and  weighed.  The  liquid  is  then 
concentrated  to  a  determinate  volume,  N.  The  chlorides  are  estimated  in  this  solution 
by  means  of  two  standard  silver- solutions,  one  containing  27  grms.,  the  other  2-7  grms. 
of  silver  in  a  litre.  A  cubic  centimetre  of  the  former  corresponds  to  0-01466  grm.  of 
chloride  of  sodium,  or  to  0*01864  grm.  of  chloride  of  potassium. 

The  sulphates  are  likewise  estimated  volumetrically  by  means  of  a  standard 
solution  of  diloride  of  barium,  containing  269*8  grammes  of  this  salt  in  a  litre,  and 
therefore  corresponding  to  0*179  cramme  of  sulphate  of  sodium  or  0*208  eramme  of 
sulphate  of  potassium.  To  make  the  determination,  200  cubic  centimetres  of  the  solution 
N,  are  mixed  with  a  few  drops  of  acid  in  a  platinum  dish,  then  heated  to  boiling,  and 
the  standard  solution  is  cautiously  added  in  slight  excess.  The  saltpetre  solution  N  is 
then  gradually  added  from  a  burette  to  the  liquid  contained  in  the  dish,  till  the  excess 
of  the  baiyta-solution  is  decomposed  and  the  whole  of  the  bax^a  precipitated.  This 
last  operation  is  rather  tedious,  because  the  liquid  does  not  easily  clarify,  and  it  is  ne- 
cessary to  filter  a  sample  ftom  time  to  time.  From  the  proportion  between  the  total  volume 
of  the  liquid  N  used  in  the  experiment,  and  the  volume  of  baryta-solution  present^  the 
amount  of  sulphate  in  the  saltpetre  may  be  calculated.  The  mtrie  acid  la^  estimated 
by  ignitinff  the  flised  saltpetre  with  acidchromate  of  potassium,  the  loss  of  weight  giving 
the  quantity  of  nitric  anhydride ;  or  the  estimation  may  be  made  by  any  of  the  methods 
abeadj  giTon  fior  the  analysis  of  nitrates  (pp.  86-89). 
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NitbatbofBhodiux.  Sesqmoxide  of  rhodium,  or  the  corresponding  hydrate, 
forms  with  nitric  acid  a  dark  red  solution  which  yields  a  deliquescent  salt  of  the  same 
colour.  Sodio-rhodic  nitrate^  NaRh'"N*0",  forms  dark  red  crystals,  easily  soluble  in 
water,  insoluble  in  alcohol.    (Berzelius.) 

NitratbofKubidiuv,  KbNO',  crystallises  in  hexagonal  combinations,  F  .  ooP  . 
F2  .  ooP2,  in  which  the  length  of  the  principal  axis  is  0*7079,  and  the  angle  P  :  P,  in 
the  terminal  edges  »  143^  0',  in  the  lateral  edges  «  78^  40'.  It  dissolves  in  5  pt«. 
water  at  0^,  and  in  2*3  pts.  at  10^.  Behayes  like  saltpetre  when  heated.  (Kirchoff 
and  Bunsen,  Phil.  Mag.  [4]  xxii.  55.) 

NiTBATB  ofSilteb.  A^NO'.  Lufiar  caustic.  La^is  infemalis,  ffoUensta'n, 
— ^When  a  piece  of  pure  silver  is  suspended  in  nitric  acid,  it  dissolves  for  a  time  with- 
out effervescence  at  a  low  temperature,  nitrous  acid  being  produced,  which  colours  tlie 
liquid  blue ;  but  if  heat  be  applied  or  the  temperature  allowed  to  rise,  the  metal 
dissolves  with  violent  effervescence,  from  the  escape  of  nitric  oxide.  The  nitrate  of 
silver  crystallises  on  cooling  in  colourless  anhydrous  crystals  belonging  to  the  trimetric 
system.  Ratio  of  axes,  a:  b:c  ^  09433  :  1  :  1-370.  P  :  P  (brachyd.)  »  I04<*  18' ; 
(macr.)  -  98°  51';  (basal)  =  126°  48';  oof  2  :  oof  2  (basal)  -  50°  30'.  Ordinary 
combination  P  .  oP  .  oof  2  ;  often  with  four  P-faces  lying  in  the  same  zone,  so  much 
developed  that  with  the  two  basal  faces  oP,  they  give  the  crystal  the  aspect  of  a  six- 
sided  prism.  Nitrate  of  silver  is  soluble  in  1  part  of  cold,  in  ^  part  of  hot  water,  and 
in  4  parts  of  boiling  alcohoL  The  solution  does  not  redden  litmus  paper  like  most 
metallic  salts,  but  is  exactly  neutraL  Nitrate  of  silver  melts  at  219^,  and  fbrm^  a 
crystalline  mass  on  cooling ;  it  is  cast  into  small  cylinders  for  the  use  of  surgeons.  In 
this  state  it  is  sometimes  adulterated  with  nitrate  of  potassium,  which  may  be  detected 
by  the  alkaline  residue  which  the  salt  then  leaves  when  heated  before  the  blow-pipe — 
or  with  nitrate  of  lead,  in  which  case  the  solution  of  the  salt  is  precipitated  by  iodide 
of  potassium,  of  a  full  yellow  colour.  When  applied  to  the  flesh  of  animals,  it 
instantly  destroys  the  organisation  and  vitality  of  the  part.  It  forms  insoluble  com- 
pounds with  many  kinds  of  animal  matter,  and  is  employed  to  remove  it  from  solution. 
When  organic  substances,  to  which  a  solution  of  nitrate  of  silver  has  been  applied,  are 
exposed  to  light,  thev  become  black  from  the  reduction  of  the  silver  to  the  metallic 
state.  A  solution  of  nitrate  of  silver  in  ether  is  employed  to  d^e  the  hair  black.  One 
part  of  nitrate  of  silver  and  4  parts  of  gum  arable  dissolved  in  4  parts  of  water  and 
blackened  with  a  small  quantity  of  Indian  ink,  form  the  indelible  marking  ink  used 
for  writing  on  linen  (iii.  272). 

Ammonio-nitrates  of  Silver, — A  strong  solution  of  silver-nitrate  supersaturated  with ' 

-      Ag' 
ammonia  yields  the  compound  AgN0'.2NH'  «  NO' 

H«  , 

exhibiting  the  combination  ooP  .  oof  oo  .  f  oo .  It  is  very  soluble  in  water,  permanent 
at  100°,  but  decomposes  at  a  higher  temperature,  giving  off  nitrogen  and  ammonia. 
Dry  nitrate  of  silver  absorbs  ammonia-gas  in  such  proportion  as  to  form  the  com- 

Ag)jT, 

pound  AgN0'.3NH'  —  NO^  -  tx ,  which  is  a  white  coherent  mass,  soluble  in  water  and 

H»  J 
giving  off  its  ammonia  when  heated« 

Double  Salta  of  Silver-nitrate,  a.  "With  Cupric  Cyanide. — ^Formed,  ac- 
cording to  Berzelius,  when  a  solution  of  silver-nitrate  is  poured  upon  cupric  cyanide 
recently  precipitated  from  the  nitrate.  It  is  black,  insoluble  in  water,  and  deflagrates 
with  a  green  light. 

/8.  With  MercuHc  Cyanide.  2AgNO*.Hh^Cy*.4H*0.— Crystallises  from  a  warm 
mixed  solution  of  the  two  salts,  in  Is^e,  limpid,  nacreous  prisms  resembling  saltpetre, 
sparingly  soluble  in  cold,  easily  soluble  in  warm  water  and  alcohol.     (Wohler.) 

7.  With  Mercuric  Mirate.  Hhg''N*0«.2AgN0".  Prisms  soluble  in  water  without 
decomposition.     ( W  6  h  1  e  r. ) 

9.  With  Bromide  of  Silver,  AgNO'.  AgBr. — ^Formed  by  melting  tiie  component  salts 
together  in  atomic  proportion.  Solidifies  into  a  crystalline  mass  at  182^  (Schnauss. 
Krem ers,  Jahresb.  1855,  p.  419).  According  to  Biche  {ibid,  1858,  p.  207)  and Risse 
{ibid.  1859,  p.  229),  it  separates  in  silky  needles  from  a  solution  of  bromide  of  silver 
in  a  hot  concentrated  solution  of  the  nitrate. 

c.  With  Chloride  of  Silver,  Separates  in  slender  prismatic  needles  from  a  solution 
of  the  chloride  in  a  hot  saturated  solution  of  the  nitrate.    (Risse.) 

f.  With  Cyanide  of  Silver,  AgNO'.AgCy. — When  recently  precipitated  cyanide  of 
silver  is  dissolved  in  a  boiling  concentrate  solution  of  the  nitrate,  this  double  salt  is 
deposited  on  slow  cooling  in  slender  needles  having  a  strong  lustre.  It  is  decomposed 
by  water,  melts  when  heated,  and  then  detonates  with  great  force,  leaving  silver  con- 
taining cyanogen. 


N*  . 

Q   in  shining  rhombic  crystals. 
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If.  With  Iodid»  of  Stiver. —  The  compoxiDd  2AgN0'J^I  separates  in  nacreous 
needle-shaped  crystala  from  a  eolation  of  iodide  of  silver  in  a  boiling  concentrated 
Bolutionof  thenitrate(Weltsien,  Ann.Gh.  Fharm.xcv.  127).  According  to  H.  Kiss  e 
(Jahresb.  1859,  p.  228),  it  is  best  prepared  by  melting  the  component  salts  together  in 
the  required  proportions,  treating  the  resulting  mass  with  a  bttle  boiling  water,  and 
leaving  the  oily  body  which  settles  to  the  bottom  to  crystallise  on  cooling.  It  blackens 
on  exposure  to  lights  melts  at  105^,  solidifies  again  at  98^,  dissolves  in  a  small  quantity 
of  water,  but  is  decomposed  by  a  laiger  quantity  and  by  alcohol 

Another  iodonitrate,  AgNO'AgI,  is  obtained  by  heating  a  moderately  strong  acid 
solution  of  the  nitrate  with  iodide  of  silver,  and  boiling  the  resulting  mass  for  a  long 
time  with  nitrate  of  silver  and  nitric  acid.  It  then  separates  in  needles  which  melt  at 
94°  (Schnauss^  Kremers,  Jahresb.  1855,  p.  429).  According  to  Kiche(f6iV2. 1858, 
p.  207X  the  product  thus  obtained  is  very  unstable ;  and  according  to  Bisse  (he,  cit) 
it  is  merely  a  mixture  of  the  preceding  ndt  with  iodide  of  silver. 

9.  With  Nitrate  of  Sodium, — A  solution  of  nitrate  of  sodium  mixed  with  excess  of 
nitrate  of  silver  deposits,  first  tabular  crystals  of  silver-nitrate,  and  afterwards  rhombo- 
hedral  crystals,  having  the  form  of  sodium-nitrate  but  containing  the  two  salts  in  various 
proportions;  from  2  to  4  at.  NaNO'  to  1  at.  AgNO*.     (H.  Eose,  Pogg.  Ann.  cii.  436.) 

KITBA.TE  OP  SoDiuiL  NaNO*.  Cubic  Saltpetre.  Chile  Saltpetre,  Nitre. — 
This  salt  occurs  abundantly  in  South  America  as  a  natural  mineral  In  the  district  of 
Tarapaca,  Northern  Chile,  the  di^  pampa  for  40  leagues  at  a  height  of  3,300  feet  above 
the  sea,  is  covered  with  beds  of  it  several  feet  thick,  associated  with  gypsum,  common 
salt,  sulphate  of  sodium,  and  remains  of  ancient  shells,  indicating  the  former  presence 
of  the  sea.    The  following  are  analyses  of  the  crude  nitre  or  Caliche. 


Hajes. 

Richardson  and  Browell. 

Nitrate  of  sodium 

•     64-98 

4314 

36-37        27-85 

6-92 

Sulphate  of  sodium     . 

.       300 

26-30 

11-67        43-20 

0-68 

Sulphate  of  calcium     . 

•      .     « 

1-36 

1-36          0-68 

Sulphate  of  magnesium 

•      •     • 

trace 

trace           4-20 

Chloride  of  sodium 

.     28-69 

11-40 

44-80        18-30 

88-70 

Iodide  of  sodium         .        « 

.       0-63 

Insoluble  matter 

.       2-70 

10-30 

3-30          0-32 

0-03 

Moisture 

•           ■           • 

7-50 

2-50           600 

3-50 

10000       10000       100-00       100-55 


99-83 


A  sample  ftom  Chile,  analysed  by  Hochstetter,  was  found  to  contain  94*3  percent,  of 
nitrate  of  sodium,  the  remainder  being  composed  of  2-0  chloride  of  sodium,  0-2  sulphate 
of  potassium,  0-4  nitrate  of  potassium,  0*9  nitrate  of  magnesium,  2-0  water,  and  02  in- 
soluble matter. 

The  crude  nitrate  is  refined  by  solution  and  crystallisation.  The  best  refined  nitre 
of  commerce  has  been  found  to  contain  97*70  per  cent,  nitrate  of  sodium,  1-84  chloride 
of  sodium,  '0'35  fiulphate  of  sodium,  and  0*11  water.  The  commercial  salt  frequently 
however  contains  not  more  than  90  to  92  per  cent,  nitrate  of  sodium ;  small  quantities 
of  iodide  and  iodate  of  sodium  are  of  ft«quent  occurrence  in  it,  in  addition  to  the 
foreign  salts  above  mentioned.  The  great  solubility  of  nitrate  of  sodium  renders  it 
difficult  to  purify  from  common  salt ;  accordingly  the  commercial  nitrate  almost  always 
contains  about  2  per  cent,  of  that  impurity.  The  best  mode  of  purifying  it,  on  the 
small  scale,  is  to  heat  the  pulverised  salt  with  nitric  acid ;  the  chlorides  are  thereby 
'destroyed,  and  by  solution  and  recrystallisation  the  nitrate  is  obtained  perfectly  pure. 

Nitrate  of  sodium  crystallises  in  obtuse  rhombohedrons,  which  on  cursory  inspection, 
have  very  much  the  aspect  of  cubes :  hence  the  name  etibic  saltpetre.  The  length  of 
the  principal  axis  is  0*8276.  Angle  R  :  K  in  the  terminal  edges  «:106^  33'.  Cleavage 
vety  impevfect  parallel  to  R.  Specific  gravity  «  2*24  (Eopp),  2*2256  (Karsten), 
2*256  (Schroder).  It  absorbs  water  from  moist  air,  and  aissolves  easily  in  water, 
producing  considerable  fell  of  temperature.  1  pt.  of  the  salt  dissolves  in  1*25  pt.  water 
at 0<*  (Marx),  in  1*136  pt  at  18*75<>  (Karsten),  in  1*14  pt  at  l-85<>  (Eopp).  The 
saturated  solution  boUs  at  122^  (Kremers).  The  specific  gravities  of  solutions  of 
nitrate  of  sodium  of  various  strengths  are,  according  to  Sch  iff  (Jahresb.  1858,  p.  38), 
as  follows : 


Welf  ht  of  NaVO* 
Jb  100  pU.  water. 

46*48 
30-99 
20  66 


Specific  gravity  of 
tolutlon  at  SO"/'. 

1-3806 
1*2326 
1*1478 


WelRhtofNaNO> 

Spadflc  gravity  nf 

in  100  pts.  water. 

tolutlon  at  20-2°. 

15-50 

11075 

10*33 

1-0698 

6-16 

1*0342 

According  to  Kremers  {ibid.  1861,  p.  61),  the  specific  gravity  at  19*5°  of  a  solution 
contuning  17*7  per  cent  nitrate  of  sodium  is  1*1062 ;  for  34*9  per  cent,  1*1930 ;  for 
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51-9  per  cent,  1'2640 ;  for  71*7  per  cent^  1-3354.  Sohif f  {ihid.  1861,  p.  87)  has  also 
determiDed  the  solubility  of  nitrate  of  sodium  in  spirit  of  wine^  of  yarious  strengths ; 
the  results  are  as  follows : 

Weight  of  anhydrous                 Weight  of  N«NO>  Weight  of  anhjdroui              Weight  of  KaNO'* 

alcohol  In  100  ptt.                 in  100  pta.  of  aolutioo  alcohol  in  100  pta.              la  100  pts.  of  solutUm 

.    oftpirie.                             laturated  at  16°.  of  spirit.                           aaturated  at  16°. 

0          .  .         .         45-9  40         .  .         .         20-6 

i                 10          .  .         .         39*6  60        .  .         .         10-2 

20         .  .        .        37-8  80        .  .        .          2-7 

30         .  .        .        26-2 

100  pts.  wood-spirit  containing  40  per  cent,  meihylic  alcohol  dissolve  24*4  pts.  nitrate 
of  sodium.    (Scniffl) 

[Respecting  the  solubility  of  nitrate  of  sodium  in  Tanous  liquids,  see  further  Storer^s 
Dictionary  of  SoltibUities,  p.  394.] 

Nitrate  of  sodium  melts  at  a  moderate  heat  (310^  according  to  Person),  and  solidifies 
to  a  white  mass  on  cooling  (at  313^  according  to  Schaffgotsch);  at  a  red  heat  it  is 
decomposed  in  the  same  manner  as  nitrate  of  potassium,  but  more  easily.  It  de- 
flagrates with  charcoal  and  other  combustible  bodies,  but  not  so  quickly  as  nitrate  of 
potassium.  On  this  account,  as  well  as  from  its  hygroscopic  character,  it  cannot  be  used 
instead  of  nitrate  of  potassium  for  the  manufacture  of  gunpowder.  According  to  some 
authorities,  however,  pure  nitrate  of  sodium  is  not  at  all  hygroscopic ;  and  indeed, 
it  is  sometimes  used,  after  very  careful  purification,  for  the  preparation  of  blasting 
powder,  which  is  not  reauired  to  bum  so  quickly  as  sporting  or  war  powder.  It  has 
also  been  proposed  to  add  anhydrous  sulphate  of  sodium  or  magnesium  to  gunpowder 
prepared  with  nitrate  of  sodium,  to  counteract  the  hygroscopic  tendency.  (See 
Bichardaon  and  Watts^s  Chemical  TechnoloffVf  toI.  i.  pt  4,  p.  436.^ 

Nitrate  of  sodium  is  extensiyely  used  for  the  preparation  of  nitnc  acid,  and  lor  con- 
version into  nit^te  of  potassium  (p.  100).  The  crude  salt  forms  an  excellent  manure 
for  grass  land. 

NiTBATB  OF  St&ortxuh.  SrNO"  or  Ssr^NK)'. — ^Prejpared  like  nitrate  of  barium. 
Separates  from  a  hot  concentrated  solution  in  anhydrous,  m>m  a  cold  and  more  dilute 
solution  in  hydrated  crystals.  The  anhydrous  salt  crystallises  in  octahedrons  and  cubo- 
octahedrons  of  sp.  er.  2'305  (Buig  net),  having  a  cooling  pungent  taste^  soluble  in  5  pts. 
cold,  and  J  pt.  boilmg  water ;  it  decrepitates  when  heated,  and  melts  when  red-hot,  decom- 
posLDg  at  the  same  time,  and  leaving  a  residue  of  strontia.  When  thrown  on  glowing  coals 
It  detonates  slightly,  with  a  red  flame.  The  hydrated  eBlt^SsrlPO^dB^O  (Laurent), 
with  4H'0  (Souchay  and  Lenssen,  Ann.  Ch.  Pharm.  zciz.  45),  also  Ordway 
(Jahresb.  1869,  p.  115),  forms  efflorescent  crystals  belonging  to  the  monoclinic  system. 
Batio  of  axes  a:b:c«*  05895  : 1 :  0*808.  Inclinations  of  6  to  0  —  64°  25';  ooP  :  ooP  in 
the  orthodiagonal  principal  section  «  113^40';  +  Poo  :  principal  axis  »  67^22';  oP: 
ooP  -■  76^20'.  Oroinaiy  combination,  ooP  .  oP.  +  Poo  (like  fig.  820,  Cbtstallooiuprt, 
iL  156),  or  ooP  .  aBp3  .  oP .  +  Poo .  Nitrate  of  strontium  is  used  for  the  preparation  of 
red  fire,  for  which  purpose  the  dried  salt  is  mixed  with  flowers  of  sulphur,  chlorate  of 
potassium,  sulphide  of  antimony  and  charooaL 

Aoeionitrate  of  BtrontiuTn^  ^^i^j  /^o*\i  •SH'O,  crystallises  by  spontaneous  evapora- 
tion from  a  mixed  solution  of  the  component  salts  containing  a  slight  excess  of  acetic  acid 
in  large  limpid  permanent  tabular  crystals  (v.  Hauer,  J.  p.  Chem.  Ixxiv.  432),  belong- 
ing to  the  triclinic  system,  and  exhibiting  the  combination  oP  .  od^oo  .  ooPoo .  oo^T  • 
'P  .J^oo.j'P.  Ratioofaxes,  a:  6  :  c«  0*5200:  1  :  11697.  Inthe  left  upper  octant 
the  angle  a  c  »  77^43' ;  6  c  -  83^  21';  a  6  »  88^  19'.  The  cnrstals  cleave  perfe<^y  parallel 
to  oP;  less  easily  parallel  to  oof  oo .    (Zepharovich,  Wien.  Akad.  Ber.  xli.  517.) 

NiTBATB  OF  TsBBiric  Badio-crystalline  mass,  permanent  in  the  air,  and  dis- 
solving with  pale  red  colour  in  water. 

NiTBATB  OF  Thallitix,  TINO',  crystaUisss  from  a  solution  of  thallium  in  nitric 
ndd  in  dull  white  needles,  which  melt  at  205^,  with  separation  of  a  small  quantity  of 
black  peroxide.  The  aqueous  solution  of  the  salt  thus  purified  gives  no  nrecipitate 
with  ammonia^  whereas  from  the  crude  solution  of  thallium  in  nitric  acidj  ammonia 
throws  down  a  small  quantity  of  hvdrated  peroxide  of  thallium.  Nitrate  of  thallium 
has  a  specific  gravity  of  5*8,  is  insoluble  in  alcohol,  but  soluble  in  water,  the  saturated 
solution  containing  9*75  per  cent,  salt  at  18^,  43*7  per  cent,  at  58^,  and  55*0  per  cent 
at  100°.    (Crookes,  Chem.  Soc  J.  xvii.  141.) 

NiTBATB  ofThobinum.  Th"N*0*. —Easily  soluble  in  water  and  in  alcohol. 
The  aqueous  solution  dries  up  over  oil  of  vitriol  to  a  crystalline  mass ;  when  left  to 
evaporate  in  the  air,  it  yields  a  thick  syrup  (Berzelius);  according  to  Chydenius 
(Pogg.  Ann.  cxix.  43),  it  crystallises  easily.  Nitrate  of  thorinum  and  potaesium, 
K<Th"N^O",  forms  a  radiate  mass  soluble  in  water  and  in  alcohol.     (B  crzclius.) 
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KitbatbsofTin.  Stannic  hydrate  prepared  from  the  chloride  dissolres  freely  in 
nitric  acid,  and  if  very  concentrated  acid  has  been  lued,  the  solution  deposits  atannio 
nitrate  in  silky  scales.  If  the  solution  contains  nitrate  of  ammonium,  it  does  not  de- 
compose at  ordinanr  temperatures ;  but  in  the  contraiy  case,  especially  if  diluted,  it 
deposits  stannic  hydrate,  which  redissolves  on  addition  of  nitiate  of  ammonium.  Me- 
tastannic  hydrate  (produced  by  the  action  of  nitric  acid  on  tin)  does  not  dissolve  in 
nitric  acid. 

Stannotu  nitrate  is  produced  by  dissolving  stannous  oxide,  or  hydrate,  or  metal- 
lie  tin,  in  cold  very  dilute  nitric  add ;  the  solution  is  easily  decomposed  by  heat,  with 
sepaiation  of  stannic  hydrate. 

NiTBATB  OP  Ubanium.  U*0«.N«0«.6H«0  or  NitraU  of  Uranyl  {JJOy^O*. 
3H-0. — Produced  by  treating  uranium  or  either  of  its  oxides  with  nitric  add. 
Ciystallisee  in  lemon-yellow  fluorescent  tiimetric  prisms,  in  which  a  :  6 :  c  «  0*874  : 
1 : 0-6703.  Angle  P :  P  (brach.)  «  1280  64' :  (macr.)  -  118°  30' :  (basal)  «  840  28' : 
Poo :  j^ao  (basal)  •  62^  40'.  Ordinair  combination  P.  Poo .  ooPoo .  oo]^oo .  The  crystals 
effloresce  idightly  in  dry  air,  and  further  in  a  vacuum,  giving  off  half  their  water.  They 
dissolve  in  luilf  their  weight  of  water,  also  in  alcohol  and  ether.  The  aqueous  sol- 
ution is  decomposed  at  a  moderate  heat,  depositing  a  lemon-yellow  pulverulent  sub- 
stance not  yet  examined.  The  crystals  melt  in  their  water  of  crystcJlisation,  then 
give  off  water  and  add,  turn  reddish-yellow,  and  leave  pure  uranic,  or  at  higher 
temperatures,  uranoso-uranic  oxide  (P^ligot).  According  to  Ordway  (Jahresb. 
1869,  p.  114),  the  crystallised  salt  melts  at  69*6^,  and  begins  to  boil  at  118°,  the 
liquid  remaining  clear  till  about  two- thirds  of  the  water  is  drawn  off,  together  with  a 
little  add ;  the  residue  then  becomes  somewhat  heated  in  contact  with  water,  and  forms 
a  turbid  solution  which  afterwards  becomes  clear. 

NiTBATB  oFVANADiuiL>a.  Fanodio  nitrate, — ^Vanadium,  vanadious,  and  vana- 
die  oxide  dissolve  in  nitric  add,  forming  a  blue  solution  which  may  be  boiled  without 
alteration,  but  decomposes  at  a  certain  degree  of  concentration,  tiie  residue  left  on 
evaporating  to  dryness  consisting  of  vanadic  anhydride  containing  a  little  nitric  add. — 
fi.  J^itrovanadic  acid.  Dilute  nitric  acid  dissolves  vanadic  acid  (or  uihydride)  with 
yellowish  colour,  and  on  evaporating  the  solution  at  ordinary  temperatures,  a  reddish 
mass  is  left,  from  which  water  extracts  a  small  quantity  of  mtro-vanadic  acid. 

KiTBATB  OF  Yttbium.  Large  colourless  crvstals  (Bepzelius).  The  solution 
evaporated  at  60^  and  then  quickly  cooled,  yields  colourless  laminsd  (Berlin).  The  salt 
ia  deliqueseent. 

NiTBATBS  OF  ZiiTa  7%6  nomuil  salt,  ZnNO'.SH'O  or  ZznlUKi^eBH)  (or  9H<0 
according  to  Schindler),  separates  frrjm  highly  concentrated  solutions  in  limpid, 
flattened,  striated,  four-siaed  prisms,  terminated  by  four-sided  pyramids.  They  have  a 
ahazp  taste,  deliquesce  in  the  air,  dissolve  readily  in  water  and  in  alcohol ;  melt  in  their 
water  of  crystaUisation  at  60°,  and  give  off  the  whole  of  it  in  a  stream  of  dry  air  at 
106^  (Pierre).  Aooozding  to  Graham,  half  the  water  goes  off  at  100^,  the  remainder 
only  when  the  salt  b^^  also  to  part  with  its  add.  According  to  Ordway,  the 
crystals  melt  at  36'4° ;  the  liquid  bous  at  131^,  remaining  dear  donng  the  boiling  till 
it  has  lost  42  per  cent  of  its  weight;  the  residue  solidifies  on  cooling  to  a  vitreous 
mass  having  nearly  the  composition  Z£n''0.8Zzn''N*0'.3HH).  This  tetragincic  ealt 
was  likewise  obtained  in  prismatic  needles  by  Gerhardt  {Jahresb.  1847-8,  p.  436). 
Schindler  obtained  the  same  salt  with  only  1  at.  water  by  digesting  the  octozindc  salt 
with  the  normal  salt  The  octozindc  salt,  72^"O.Zzn"N*0',  is  obtained  with  2  at  water 
by  heating  the  normal  salt  till  the  fused  mass  becomes  nearly  solid  (Granville), 
or  with  4  at  water  by  predpitating  the  solution  of  the  normal  mlt  with  a  quantity  of 
RtnmnniA  not  Sufficient  to  take  up  lul  the  nitric  add.    (Schindler  and  Grenville.) 

NiTBATB  o F  ZiBOOKi UM.  The  solutiou  of  siroonio  hjrdxate  in  nitric  acid  yields 
by  evaporation  a  yellow  gummy  mass,  which  has  a  sour  astringent  taste,  and  gives  off 
add  when  heated.  If  it  has  not  been  heated  above  100°,  it  redissolves  comjpletely 
in  water.  The  solution  is  capable  of  taking  up  a  considerable  quantity  of  zarconic 
hydrate,  forming  a  soluble  bfwic  salt  If  the  solution  thus  formed  be  diluted  and 
heated  to  boilins,  it  deposits  a  still  more  basic  salt  in  the  form  of  a  gelatinous  pre- 
dpitate.  A  basic  salt  soluble  in  water  and  in  alcohol,  is  likewise  obtained  by  heating 
the  noimal  salt  above  100<>. 


Alcoholic  Nitrates,    Nitric  ethers. 

When  nitric  add  is  heated  with  an  alcohol,  prt  of  the  alcohol  is  oxidised,  and  the 
nitric  acid  is  reduced  to  nitrous  acid,  which,  with  the  remainder  of  the  alcohol,  forms 
a  nitrous  ether  together  with  other  products  (p.  76) ;  but  by  addition  of  urea  or  other 
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amide,  'which  deeompones  the  nitrons  acid  as  fast  as  it  is  formed,  this  action  may  ba 
prevented  and  the  alcohol  and  nitric  acid  will  then  form  a  nitric  ether. 

N1TBA.TB  OF  Ahtl.  Amyl-nitric  ether,  C*H"NO'. — Prepared  by  agitating  10  grms. 
of  nitrate  of  urea  with  30  erms.  of  strong  nitric  acid  in  a  retort  for  ten  minutes,  then 
adding  40  grms.  of  amylic  eleohol,  and  gradually  heating  the  mixture,  a  cooled  receiyer 
being  adapted  to  the  retort.  The  distillate,  which  separates  into  two  layers,  is  shaken 
up  with  water ;  the  lower  layer  is  rectified,  the  portion  which  distils  firom  148°  upwards 
being  collected  apart ;  and  this  portion  is  rectified  twice  more,  the  liquid  which  goes  over 
at  148°  being  each  time  collected  apart  (W.  Hofmann,  Ann.  Ch.  Phys.  [3]  zxiiL  374). 
It  is  also  produced  by  the  decomposition  of  dinitiylide  of  amylene.   (Guthrie,  i.  209  ) 

Nitrate  of  amyl  is  a  colourless  oil  of  specific  gravity  0*994  at  10°,  boils  at  148° 
(W.  Hofmann);  according  to  Bieckher  (Jahrb.  pr.  Pharm.  xiv.  1),  it  has  a  spe- 
cific gravity  of  0*902  and  boils  at  137°.  It  has  an  odour  of  bugs  and  a  sweet  burning 
taste,  with  very  impleasant  aftertaste.  It  dissolves  in  ether  and  alcohol,  and  is  pre- 
cipitated from  the  latter  by  water.  Bums  with  a  green-edged  flame;  is  decomposea  by 
alcoholic  potash. 

NitbatbopEthtl.  Kitric  ether.  Ethyl-nitric  ether,  C*H*NO',  Preparation. 
— 1.  Between  70  and  75  grms.  of  alcohol  of  35°  Bm.  is  distilled  with  an  equal  weight 
of  nitric  acid  of  specific  gravity  1'40  (or  2  vol.  alcohol  to  1  vol.  nitric  acid),  and  about 
2  grams,  of  nitrate  of  urea,  the  receiver  being  changed  as  soon  as  the  alcohol  which 
first  comes  over  is  replaced  by  nitric  ether,  and  the  distillation  stopped  as  soon  as  the 
residue  is  reduced  to  one- third  of  the  original  mixture.  The  nitric  ether  thus  obtained 
is  washed  with  aqueous  potash,  and  afterwards  with  water,  then  left  for  two  days  in 
contact  with  lumps  of  chloride  of  calcium,  and  finally  decanted  and  rectified  (Mil Ion, 
^nn.  Ch.  Phys.  [3]  viii.  239).  According  to  Carey  Lea  (Sill.  Am.  J.  [2]  xxxii. 
178),  it  is  bettor  to  use  a  larger  proportion  of  nitrate  of  urea,  namely  8  or  10  grms.  to 
the  above  quantity  of  liquid ;  with  these  proportions  larger  quantities  of  liquid  may  be 
operated  upon  at  once  (see  also  Heintz,  Jahresb.  1863,  p.  482). — 2.  According  to 
J.  Persoz  (B^p.  Chim.  pure,  t.  30),  nitrate  of  ethyl  is  easily  obtained,  without  the 
use  of  Tirea,  by  dropping  absolute  alcohol  (10  grms.)  ttam  a  very  fine  pipette  into 
highly  concentrated  colourless  nitric  acid  (about  20  grms.)  contained  in  a  platinum 
dish,  well  cooled  wi'th  a  mixture  of  ice  and  salt.  The  formi^on  of  the  ether  takes 
place  as  the  liquids  mix.  A  lump  of  ice  is  then  to  be  thrown  into  the  mixture,  where- 
by the  acid  is  diluted  without  rise  of  temperature.  If  any  oxidation  of  the  alcohol 
takes  place  firam  dropping  it  in  too  quickly — which  may  be  known  by  the  emissioa 
of  red  fumes — a  piece  of  ice  must  be  immediately  dropped  in  to  save  tlie  ether  already 
formed,  and  the  operation  repeated. 

iVo;)^^i>«.'— Nitric  ether  is  a  liquid  of  specific  gravity  1*112  at  17°,  boiling  at  85° 
or  86°.  Its  vapour-density  at  86*6°  «  3112 ;  at  90°  =  8094 ;  at  70*8°  =  3*066 ; 
at  64-9°  =  3-079  (Playfair  and  Wenklyn).  It  has  an  odour  different  from  that  of 
nitrous  ether,  and  a  very  sweet  taste,  with  bitterish  aftertaste.  It  is  insoluble  in  water, 
but  mixes  in  all  proportions  with  alcohol  and  ether.  It  bums  with  a  white  flame ;  its 
vapour,  if  heated  above  the  boiling  point,  explodes  violently  when  set  on  fire. 

Heated  to  100°  with  alcoholic  ammonia,  it  yields  nitrate  of  ethylamine  (June  a - 
dell  a,  Compt.  rend,  xlviii.  342): 

C«H*NO«  +  NH«  -  C«H^.HNO«. 

When  a  mixture  of  equal  volumes  of  nitric  ether,  alcohol  and  strong  aqueous  ammonia 
is  heated  to  100°  in  a  sealed  tube  only  two-thirds  filled  with  i^  the  ether  disappears 
completely,  and  the  resulting  solution  contains  di-  and  tri-ethylamine  toget.her  with 
ethylamine  and  ammonia.  With  a  considerable  excess  of  ammonia,  the  nitric  ether 
may  be  decomposed  even  without  alcohol.    (Carey  Lea,  Sill.  Am.  J.  [2]  xxxii  25.) 

Nitric  ether  is  easily  reduced  by  sulphide  of  ammonium  in  alcoholic  solution,  yielding 
mercaptan,  according  to  the  equation, 

C«H»NO»  +  6H»S  -  CH-S  +  NH«  +  8H«0  -I-  S*. 

(E.  Kopp,  J.  Pharm.  [3]  xi.  321).    Heated  with  ferrous  acetate  it  is  gradually  re- 
solved into  nitrogen  gas,  a  small  quantity  of  nitrous  ether  and  ammonia.  (Carey  £e a.) 

Mercurethylic  Nitrate,  CHVnW  or  C*Hhg»N^O*Hhg'T^«0«.  Ethylo-mer^ 
curie  nitrate.  Salpetersaures  Acthyl-  Quecksilheroxyd.  Nitrate  diethyls  et  de  mercure, 
— This  compound,  discovered  by  Sobrero  and  Selmi  (Compt.  rend,  xxxiii.  67),  and 
further  examined  byGerhardt  (Chem.  Soc  Qu.  J.  v.  88),  is  obtained  by  mixing  alco- 
hol witJi  excess  of  a  very  strong  solution  of  trimercuric  nitrate.  No  precipitate  is 
formed  in  the  cold,  but  on  heating  the  liquid,  a  white  crystalline  compound  separates 
even  before  the  boiling  point  is  attained,  and  its  formation  continues  without  ftirther 
application  of  heat.    The  reaction  is  as  follows : 

Hhg«N«0»  +  C«H«0  =  CTIhg»N«0«  +  3H»0. 
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The  alcoholic  mother-liquor  contains  a  large  quantity  of  meicnrons  nitrate.  A  mer- 
GnroQs  salt,  probably  formed  by  secondary  actions,  frequently  also  separates  in  small 
needles  after  the  mercurethylic  nitrate  has  been  removed  by  decantation. 

Mereurethylic  nitrate  is  a  white  cxystalline  salt  which,  when  examined  by  the  micro« 
scope^  exhibits  a  highly  characteristic  form,  consisting  of  six-pointed  stars  or  hexagonal 
tables,  shaded  on  the  edges  in  such  a  manner  that  similar  stars  appear  within  them, 
with  their  Terticee  projecting  into  the  angles  of  the  tables.  The  crystals  gave  by  ana- 
lysis 2*9  per  cent  carbon,  3  hydrogen,  78*4  mercury i  and  3*6  nitrogen  (Gerhardt), 
agreeing  with  the  formula  G'Hhg*N-0'.HK),  which  requires  3*1  carbon,  0'3  hydrogen, 
78'3  mercury,  3*3  nitrogen  and  15*0  oxygen. 

Mercurethylic  nitrate  is  insoluble  both  in  toaier  and  in  alcohol.  Heated  in  a  small 
tube  it  decomposes  suddenly  and  explosively,  but  without  detonation. — Hydrochloric 
acid  dissolves  it  completely,  without  leaving  a  trace  of  calomel ;  hence  it  is  a  mercuric 
and  not  a  mercurous  salt.  The  hydrochloric  add  solution  gives  a  yellow  precipitate 
with  potash. — Sulphydrie  acid  decomposes  the  salt^  forming  sulphide  of  mercury  and  a 
substance  having  the  odour  of  mercaptan.  A  strong  aqueous  solution  of  potash  turns 
the  salt  grey ;  when  boiled  with  the  same  solution,  it  turns  black,  but  is  not  completely 
decomposed;  the  black  substance  is  always  mixed  with  crystals,  however  long  the 
boiling  may  be  continued.  Hydrochloric  acid  does  not  dissolve  this  black  substance, 
though  it  forms  but  a  small  quantity  of  calomel.  It  appears  therefore  that  the  salt 
10  essentially  altered  by  the  action  of  the  potash. — Ammonia  acts  upon  it  in  a  similar 
manner. 

NitbateofMbthyl.  Methyl-nitric  ether.  CH'NO*. — This  ether  is  easily  ob- 
tained by  dissolving  40  grms.  of  nitrate  of  urea  in  200  cub.  cent,  of  pure  methylic 
alcohol,  adding  150  cub.  cent,  of  pure  nitric  acid  of  specific  gravity  1*31  (free  from 
nitrous  acid  so  that  it  gives  no  colouring  with  ferrous  sulphate),  and  distilling  to  one- 
third.  This  process  is  to  be  twice  repeated,  the  residue  being  mixed  in  the  first  in- 
stance with  170  c.  c.  methylic  alcohol  and  130  c.  c  nitric  acid,  and  in  the  second  with 
1«»0  c  c  methyl-alcohol,  110  c.  c.  nitric  acid,  and  10  grms.  nitrate  of  urea.  The  distillate 
is  washed,  first  with  solution  of  common  salt,  then  with  dilute  carbonate  of  sodium. 
By  this  process  420  grms.  methylic  alcohol  yield  300  grms.  crude 'nitrate  of  methyl. 
(Carey  Lea,  SilL  Am.  J.  [2]  xxxiii.  227).  Dumas  and  P^ligo  t  (Ann.  Ch.  Phys.  [2] 
Iviii.  37  X  by  distilling  wood-spirit  with  saltpetre  and  oil  of  vitriol,  obtained  a  liquid 
boiling  at  66^,  which  appears  to  have  been  a  mixture  of  nitrate  and  nitrite  of  methyl, 
as  its  analysis  gave  about  3  per  cent,  too  much  carbon  for  the  formula  of  the  nitrate. 
The  vapour  exploded  with  great  violence  when  heated  to  about  150^.  The  proper- 
ties of  the  pure  nitrate  of  methyl  obtained  by  Lea  have  not  been  described. 

Nits  ATE  of  Octtl.  CH"N0*.  Nitrate  of  Capryl, — ^Produced  by  decompos- 
ing iodide  of  octyl  dissolved  in  alcohol  with  nitrate  of  silver.  Oily  liquid  which  has  a 
fruity  odour,  floats  on  water,  is  insoluble  in  alcohol,  boils  with  decomposition,  burns 
with  a  bright  flame,  and  is  decomposed  by  alcoholic  potash,  yielding  octylic  alcohol 
and  nitrate  of  potassium.    (Bonis,  Ann.  Ch.  Phys.  [3]  xlix.  136.) 

WZT&OOSV,  PB08VBXBSS  OF.    NP*^.     See  Phosfhobosamisss. 

WXTSOOXVp  SVKFBIBa  OF.  NS.  (Fordos  and  G^lis,  Ann.  Ch.  Phys. 
[3]  xxxiL  389.) — This  compound,  the  analogue  of  nitric  oxide,  is  obtained  by  passing 
ammoniacal  gas  through  a  solution  of  protosulphide  of  chlorine  in  disulphide  of  carbon. 
Sal-ammoniac  is  first  precipitated,  and  then  a  dark  brown  flakji  substance,  which  is 
decomposed  by  the  further  action  of  the  ammonia.  The  passage  of  the  gas  must  be 
continued  till  the  brown  flakes  have  almost  disappeared,  and  an  orange-yellow  liquid 
is  formed,  which  may  be  separated  from  the  chloride  of  ammonium  b^  filtration  and 
obtained  quite  clear.  The  filtrate,  when  left  to  evaporate,  first  deposits  sulphur  and 
afterwards  oystals  of  sulphide  of  nitrogen.  The  reaction  is  very  complicated,  but 
ibiib  final  result  may  be  represented  by  the  equation : 

3C1«S  +   8NH»     «     2NS  +  8  +  6NH*a 

Sulphide  of  nitrogen  crystallises  in  transparent  golden-yellow  rhombic  prisms  with 
dihedral  summits.  It  has  a  faint  odour,  adheres  strongly  to  paper  if  rubbed  upon  it, 
and  produoes  painftd  irritation  of  the  mucous  membrane  of  the  nose  and  eyes.  It 
explodes  by  percussion  or  when  heated  to  150° — 160^.  It  dissolves  veir  sparingly  in 
alcohol,  ether,  and  sulphide  of  carbon :  water  does  not  dissolve,  but  slowly  decomposes 
it.  Its  solution  in  sulphide  of  carbon  also  undexgoes  slow  decomposition.  It  unites 
in  sevovl  proportions  with  the  sulphides  of  chlorine. 

VZTXOCmtUM.    Syn.  with  Kitboobk. 

VTTKOOBVTXAVZC  AOSB.    See  GsNTiAiac  AciD  (iL  830}^ 

See  Gltgbbxk  (iL  890). 


no 


NITROMETHIDES. 


vxntourarcxo 

iii.  582.) 


See  Harhaunb  (iii.  9). 
or  VXTAOXABMXBZVB.    See  Habvuib  (iii.  11). 
,TZO  AOXB.    Syn.  with  FtcBAiac  Acid. 
See  BsLVxnt  (iii.  138). 

See  HippVBic  Acm  (iii.  161). 
See  Uuac  Acm. 

•    See  Htdxtbiuo  Acm  (iii.  281,  footnote). 
See  Inositb  (iii.  276). 
or  AJvaTBXSDa.    See  Iodic  Acm  (iii.  299). 
•  •  See  Mnji-SuoAB  (iii.  1024). 
ACZII.     Syn.  with  Nitbatb  of  LBtrcnra.    (See  Lbvcik^ 

See  Maknitb  (iii.  825). 
See  Mbcokin  (iii.  863). 

See  Melaniixkb  under  FmDfTLAxniBS 


See  Mbsittlemb  (iii.  930). 

See  Mesittlsnb  (iii.  930). 

AOTDti    Syn.  with  NiTBO-PBOPXoinc  Acm.     (See 
Peopionic  Acm.) 

vmtOBISTBZBBS.  This  name  may  he  applied  to  certain  compounds  derivable 
from  marsh-gas  (hydric  methide)  by  the  substitution  of  one  or  more  molecules  of 
nitryl  for  an  equivalent  quantity  of  hydrogen.  Their  names  and  formuls  are  given  iu 
the  following  table,  in  which  nitryl  (NO*)  is  denoted  by  X. 
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1.  Tribromonitiomethide,  Nitto-bromoform  or  Bromopicrin 

2.  Trichloronitromethide,  Nitrochloroform  or  Chloropicrin 

3.  Trinitromethide  or  Nitroform 

4.  Bromotrinitromethide  or  Bromonitroform 

5.  Tetranitromethide 

6.  Cyanonitromethide,  Kitracetonitrile  or  Fulminie  add 

7.  Qranodinitromethide  or  Dinitracetonitrile 

8.  Cyanotrinitromethide  or  Trinitracetonitrile 

9.  Cyano-dibromo-nitromethide  or  Dibromo-nitracetonitrile 

The  first  and  second  of  these  compounds  hare  been  already  described  as  Bromo- 
picrin and  Chloropicrin  (i.  923). 

3.  Mitroform.  C(NO')*H. — ^This  compound  discovered  by  Schischkoff  (Ann. 
Ch.  Fharm.  ciii.  364)  exhibits  the  relations  of  an  acid.  Its  ammonium-salt, 
C(NO*)'NB[*,  is  obtained  as  a  yellow  crystallisable  substance,  soluble  in  water  and  in 
alcohol,  by  the  action  of  water  or  alcohol  on  cyanotrinitromethide  (p.  Ill);  and 
on  agitating  this  salt  with  strong  sulphuric  acid,  the  nitroform  is  separated  and 
floats  on  the  surface  of  the  liquid,  in  the  form  of  an  oil  which  may  be  removed. 

Nitroform,  at  temperatures  above  15^,  is  a  colourless  oil ;  below  that  temperature 
it  solidifies  in  colourless  cubic  crystals.  It  is  moderately  soluble  in  water,  forming 
a  dark  yellow  solution.    It  cannot  be  distilled,  as  it  explodes  with  violence  when  heated. 

The  atom  of  hydrogen  in  nitroform  may  be  replaced  either  by  metals  or  by  chlorous 
radicles,  namely  bromine  and  nitryl.  The  metallic  derivatives  or  satis  ofnitrofom^ 
are  for  the  most  yellow  and  crystallisable :  they  explode  when  heated. 

4.  Bromonitroform.  C(NO')'Br. —  Produced  by  exposing  nitroform  to  the 
action  of  bromine  for  some  days  under  the  influence  of  direct  sunshine^  or  more  easily 
by  treating  an  aqueous  solution  of  mercuric  nitroform,  C*(NO')*Hhg'',  with  bromine. 
It  is  colourless,  liquid  above  +  12^,  but  solidifies  below  that  temperature  to  a  white 
ciystalline  mass.  It  is  somewhat  soluble  in  water,  and  may  be  distilled  with  aqueous 
vapour,  or  in  a  current  of  air.  It  decomposes  at  140^.  (Schischkoff  Ann.  Ch. 
Pharm.  cxix.  247.) 

5.  Totranitromotliide.  Tetranitriflide  of  Carbon.  Nitro^kohlensioff,  C(NO*)^ 
— Produced  by  treating  nitroform  with  filming  nitric  and  sulphuric  acids,  heating  the 
liquid  to  100^  and  passing  air  through  it  A  liquid  then  distils  over,  from  which 
water  throws  down  tetranitromethide  ns  a  heavy  oil. 

Tetranitromethide  is  liquid  at  ordinary  temperatures,  but  solidifies  at  + 13^  to  a 
white  crystalline  mass.  It  is  insoluble  in  water,  but  soluble  in  alcohol  and  ether.  It 
boils  at  126*^,  and  unlike  nitroform,  may  be  distilled  without  decomposition.    When 
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npidly  heated,  it  decomposes  with  erolutioii  of  nitrons  yapours ;  bat  even  then  it  does 
not  explode.  It  does  not  take  fire  by  contact  with  flame ;  but  a  glowing  ooal  on  which 
it  is  poured  bnms  with  a  bright  light.    (Schishkoff.) 

'  6.  CyanonltromeClilde  or  VltrAeetoBitille  does  not  exist  in  the  free  state,  bnt 
its  salts,  the  Fulmhtatss,  already  described  (ii.  730),  give  rise  by  their  decomposition 
to  the  three  following  componnds,  cyano-dibromo-nitromethide  being  produced  by  the 
action  of  bromine  on  fulminate  of  mercury,  while  cyanodinitromethide  and  cyanotrini- 
toomethide  are  obtained  from  folminuric  acid  (ii.  739)  which  is  itself  a  product  of  the 
deeompoextion  of  fulminate  of  silyer. 

7.  Cyanodlnitrometlilde  orlMnltraoetOBltrlle.  CHN'O^  »  C(NO')<HCy  » 
C*(NO')*HN.  (Schischkoff  and  Bosing,  Ann.  Ch.  Pharm.  civ.  249;  Schisch- 
koff,  Md.  CTJy.  249.)— This  compound  is  an  acid,  the  ammonium-salt  of  which 
(originally  called  dinitramnumyt)  is  obtained  by  the  action  of  sulphydric  add  on 
eyanotrinitiomethide; 

C(NO«)«Py  +  4H«S     =     C(NO*)«(NH*)Cy  +  S*  +   2HK). 

On  mixing  the  aqneous  solution  of  this  ammonium-salt  with  an  equivalent  quantity  of 
Bolphurie  acid,  agitating  with  ether,  and  evaporating  the  ethereal  solution,  a  syrup  is 
left  which  gradually  yields  large  crystals  of  cyanodinitromethide,  apparently  containing 
water  of  dystallisation. 

Cyanodinitromethide  treated  with  ammonia  reproduces  the  original  ammonium-salt^ 
which  crystallises  in  colourless  needles,  easily  soluble  in  water,  sparingly  in  alcohol, 
insoluble  in  ether.  When  boiled  with  oxide  of  silver,  it  forms  a  solution  which  on 
cooling  deposits  crystals  of  the  argentammonium^aU  of  cyanodinitromethide, 
C(NO«)«(NH»Ag)Cy. 

Cyanodinitromethide  also  forms  crystalline  salts  with  potassium  and  with  silver. 
The  tilver'salty  C(NO')'AgCy,  detonates  like  fulminate  of  silver,  and  is  decomposed  by 
bromine,  yielding  an  oily  body,  probably  cyafiobroTnodinitramethidef  C(NO')*BrCy. 

8.  c:3rMM»«trliiitrometliide  or  TriBltraeetonltrUe.  C*N<0*  »  C(NO*)>Cy  -» 
C«(NO«)«N.  (Schischkoff;  Ann.  Ch. Pharm.  cL  213).— When  asaltof  fulminuricacid 
is  added  bv  small  portions  to  a  cooled  mixture  of  highly  concentrated  nitric  and  sul- 
phuric acids,  carbonic  anhydride  is  evolved,  and  trinitracetonitrile  separates  as  an  oil 
which  crystalliBes  on  cooling : 

C«(NO«)H«N«0  +   2N0>H     =     C0«  +  H«0   +  NH"  +   C»(NO»)«N. 
Fulininaric  add.  Trinitracrtonllrlle. 

Cyanotrinitromethide  is  a  white  crystalline  camphor-like  substance,  melting  at  41*5°, 
and  decomposing  with  explosion  at  220^.  It  may  be  distilled  in  a  current  of  air  at 
60^.  It  dissolves  without  alteration  in  ether,  but  is  decomposed  by  water  and  alcohol 
ertu  in  the  cold,  and  more  quickly  when  heated,  into  carbonic  anhydride  and  the  am- 
monium-salt of  nitroform: 

C«(NO«)^  +  2H«0     -     C0«  +  C(NO«)^NH«). 

Sidphi^rie  acid  eouTeTia  it  into  the  ammonium-salt  of  c3ranodinitromethide  (p.  110). 

9.  Cy^na-dibromottltrometlilde  or  Ptbromonltraetoiiitrile.  C^r'NH)'  « 
C(NO*)Br»Cy  «  C?(NO*)Br*N  (Kekul6,  Ann.  Ch.  Pharm.  cv.  281).— This  compound, 
which  diffrrs  from  mercuric  fulminate,  C^Hh^"N^O^  only  by  containing  2  at.  bromine 
in  place  of  1  at.  mercury,  is  prepared  by  pouring  bromine  on  mercuric  fulminate  under 
water  till  the  colour  of  the  bromine  is  no  longer  destroyed.  On  subsequently  distilling 
the  liquid,  cyanodibromonitromethide  passes  over  with  the  aqueous  vapour,  in  the  form 
of  an  oil  which  partly  solidifies  in  the  crystalline  form. 

Cyano-dibromonitromethide  forms  Lu^  well-defined  crystals,  insoluble  in  water, 
soluble  in  alcohol  and  in  ether,  and  smelling  like  chloropicrin.  It  melts  at  50^,  and 
begins  to  boil,  with  decomposition,  between  130°  and  135°.  With  vapour  of  water 
it  may  be  distilled  without  decomposition  (Kekul^).  When  gently  heated  with  iron- 
filings  and  acetic  acid,  it  is  strongly  attacked,  givinc  off  hydro^nic  acid,  hydrobromic 
acid,  ammonia,  and  probably  al«>  carbonic  anhydride.  (Stahlschmidt,  Jahresb. 
1860,  p,  241.) 

WXTmoanmnxZO  AC»  (m-).  OH«N*0«  or  C*H"N«0«.  (Frankland, 
Phil.  Trans.  1867,  p.  69;  Chem.  SocQtl  J.  xi.  88.) — ^This  acid,  homologous  with  di- 
nitro-ethylic  acid  (p.  61)  is  obtained,  similarly  to  the  latter,  by  the  action  of  nitric 
oxide  on  zinc-methyl,  4  at  of  the  former  uniting  with  2  at.  of  the  latter  to  form  the 
salt,  0^*2^''N*0*.C'H*Zzn''.  This  salt  vs  decomposed  by  wateI^yielding  marsh-gas 
and  basic  diniironuthylate  or  oxy-dinitromethylate  of  tine,  C*H*ZBn'*NH>*.ZBn''0 ; 
which,  when  decomposed  by  carbonic  acid,  yields  the  nomud  zinc-salt, 
C»H«5&n'TT*0*.H«0.—llie  sodium^salt,  CH»NaN»0«.H*0,  is  obtained  by  treating  a 
solution  of  the  normal  rine-saltwith  carbonate  of  sodium,  evaporating  to  dryness,  and 
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exhausting  the  rendne  with  strong  aloohoL  It  is  very  soluble  in  water  and  in  aleoliol, 
and  bums  intensely  when  heated. 

M AT JtO-9CUXXJLTZC  ACZ3I.  Ag^  regia,  Konigswasser. — A  yellow  fuming 
liquid  produced  by  mixing  strong  nitric  and  hydrochloric  adds.  The  mixture  is  at  first 
colourless ;  but  after  a  short  time,  or  quickly  if  heated,  it  assumes  a  deep  orange-yellow 
colour,  and  breaks  up  into  water,  chlorine  and  the  chlorides  of  nitrosyl,  chiefly  the 
dichloride.  The  dilute  acids  may  remain  mixed  for  a  Ions  time  without  decomposing 
each  other,  unless  heat  is  applieo.  Nitro-muriatic  acid  dissolves  gold  and  platinum, 
an  action  which  seems  to  depend  entirely  on  the  presence  of  the  chlorine  liberated  by 
the  mutual  action  of  the  original  adds.  The  same  reaction  renders  nitromuriatic  acid  very 
useful  in  destroying  oiganic  matter,  in  toxicological  investigations  for  example  (see 
Aessnic,  i.  366).  An  impure  nitromuriatic  add  is  prepared  by  diasolying  mtrate  of 
sodium  in  hydrochloric  acid,  or  chloride  of  sodium  in  nitric  acid. 

mTKOlTAVBTBAZiBiriSS.     See  Naphthalrnb  (p.  14). 

VXTROVAPBTBT&ABKZira.     See  NAPHTHTULMlirB  (p.  21). 

mrXO-OaKTBBarXOXO  ACXXI.     See  OxTBEMZOXC  Acid. 

arXT&OPAPAVaKXWB.     See  PAPATBBiinE. 

VZTBOPBVCBBAaKZBB  and  VXTBOPBirOBDABZy.    See  Pbucedaion. 

See  Pbtrol. 

Dinitro-dipheTUtmic  acid.  C»«H»«N*0»  -  C'«H" 
(NOn'KH)*.  (Laurent  and  Gerhardt,  Compt  Chim.  1849,  p.  468.)— An  add  pro- 
ducea  by  the  action  of  sulphydrate  of  ammonium  on  dinitrophenic  add : 

2C«I*(N0«)»0  +  3(NH*)»S»  »  C»«H'\NO«)«N*0«  +  4H«0  +  S». 

It  forms  brown  hexagonal  needles,  with  four  angles  of  131®  30'and  twoof  97®,  contain- 
ing 2  at.  water,  which  they  give  off  between  100®  and  110®,  the  anhydrous  acid  decom- 
posing at  a  higher  temperature ;  they  yield  a  yellow  powder.  The  acid  is  sparingly 
soluble  in  cola  water,  moderately  soluble  in  alcohol  and  ether.  It  dissolves  in  am- 
ffioniOj  forming  a  deep  red  solution  which  is  decomposed  by  concentration,  with 
evolution  of  ammonia.  With  aqueous  potash,  it  yields  the  salt  C''''H"E(NO')*NH)', 
which  crystallises  in  dark  red  nodules,  very  soluble  in  water  and  in  alcohoL  The 
barium-salt  forms  sparingly  soluble  brown-i«d  needles  obtained  by  precipitating  acetate 
of  barium  with  an  ammoniacal  solution  of  the  add.  The  ealciumsali  is  gradually  pre- 
dpitated  in  like  manner  in  small  needles.  The  copper^salt  is  a  yellowish-green,  the 
lead-salt  an  orange-brown  predpitate.  The  sUver-salt,  C"H"Ag(NO*)'NK)*,  is  a  dark 
brown-yellow  precipitate  which  crystallises  in  scales  from  hot  solutions. 

WXTBOVBBWAIIKT&ZSXBB  or  Amyl-nitro-phenidine, — A  base  formed  by  the 
action  of  alcoholic  sulphydrate  of  ammonium  on  the  heavy  oil  obtained  by  treating  phenate 
of  amyl  {q.  v.)  with  fuming  nitric  acid.  It  is  crystaUisable  and  forms  czystallisable 
salts.    (Cahours,  Compt.  rend,  xxxii  61.) 

FBSZO  AOZD.    Syn.  with  DnrrraoPHBHic  Acm.     (See  Phbnol.) 

ITOli.    Syn.  withNiTBOFHBNA.TBOFETHTL.  (See  Phbhio  Etebbs^ 
under  Phenol.) 

WZTBOFBBWZO  AOZBB.    See  Phbkol,  DntiyATHnss  op. 
VXTBOPBBBZBZO  ACZB.    Syn.  with  Tbi-mitikophbmic  Acid.    (See  PKnrau) 
BZTBOPBBWOZC  ACZD.     See  Fhekoic  Acm. 
WXTBOPBBBOZi.     See  PHmroL. 

See  PHHMTLAMnrB. 

S8.    See  Carbamidbs  (i.  756). 
VXTBOPBBBTXiBBB-DZAMnrB.     See  pHEmrLENB-DlAlONBS. 
BXTBOPBBBTIr-PBOSPBOBZO  JLCZB.     See  Phosphobic  Ethbbs. 

BITBOPBBWTX-PTBOTABTB  JITWITO      ACSB«  See    Ptbotabt&axic 

Ethbbs. 

arZTBOPBBBT&-Bir&PBUBZO  and  SV&PBUBOVB  ACZBO.  See  Sm.- 
PHUBic  and  Sulphuboitb  Ethbbs. 

BZTBOPB&OBBTZW.    See  Phlobbtin. 

BZTBOPB&OBOCIZinCZW.     See  Phlobooltjcxn. 

BXTBOPBTBAXiBVB.  C*H'(NO').  (Dusart,  Ann.  Ch.  Phys.  [3]  xliv.  832.) 
— A  compound,  isomeric  with  nitro-dnnamene,  formed  by  the  action  of  potaish  on  nitio- 
naphthalene.  To  prepare  it,  2  pts.  of  caustic  potash  dissolved  in  as  little  water  as 
possible  are  mixed  with  1  pt.  of  fresh  slaked  lime,  to  which  nitconaphthalene  is  gra- 
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dually  added.  The  action  begms  almost  immediately,  the  miztnre  becoming  reddish. 
The  maas  is  kept  for  abont  six  hours  at  a  temperature  not  exceeding  100^,  and  is 
stiived  firom  time  to  time,  the  evaporated  water  being  replaced;  the  whole  is  then 
added  to  a  large  quantity  of  water  and  allowed  to  settle  down ;  the  alkaline  solution, 
coloured  deep  yellow  by  nitrophthalinic  acid,  is  decanted  off;  and  the  deposit  is  washed 
with  water  until  the  latter  is  only  slightly  coloured.  The  Ume  is  removed  ftorn  the 
brown  residue  by  dilute  hydrochloric  acid,  and  the  remainder  thrown  on  a  filter  and 
washed  with  water.  The  nitrophthalene  can  only  be  separated  from  the  brown  mat- 
ter  with  which  it  is  mixed  by  aistilUng  with  steam ;  it  then  passes  over  in  oily  drops 
which  cxystallise  on  cooling.    If  distilled  alone,  the  product  is  less  pure. 

NitropAithalene  is  of  a  straw-yellow  colour  and  crystallises  on  cooling  from  hot  alco- 
hol in  Ions  needles,  which  are  tasteless  and  have  a  ftiint  odour.  It  melts  at  48°, 
begins  to  boil  at  280°,  and  distils  over  in  large  quantities  between  300°  and  320°,  leaving 
a  dight  carbonaceous  residue.  It  is  not  soluble  in  cold  water,  but  when  distilled  with 
water,  imparts  to  it  an  aromatic  odour  and  separates  on  cooling  in  needles  having  a 
silky  lustre.  It  is  but  slightly  soluble  fai  cold  alcohol^  but  readily  in  hot  aloohol  ^ois* 
solves  abundantly  in  ether  and  in  eoal-<nl. 

Nitrophthalene  heated  with  a  strong  solution  of  potashf  yields  nitrophthalic  add ;  less 
readily  with  hydrate  of  calcium  or  Imrium.  When  distilled  with  dry  potaafhUmef  it 
evolves  much  ammonia,  while  an  odorous  oil  distils  over,  and  the  sides  of  the  retort 
become  covered  with  long  yellow  needles  which  dissolve  in  sulphuric  add  with  a 
beautiftil  violet-blue  colour.  The  oil  is  slightly  soluble  in  water,  and  the  solution  gives 
with  ferric  salts  an  indigo-blue  predpitate.  Sulphide  of  ammonium  converts  nitro* 
phthalene  into  phthaldine,  sulphur  separating  out : 

CH'NO*  +   3H*S     -     i^H'N  +   2H»0  +  8». 


^PBTBA&ZO  ACZD.     See  Phthalic  Acn>. 
»JPHTH  AXiillfflPB.    See  Phthalahidbs. 

SZB.  Cra»(NO«)0»?  (Dusart»  loe,  «/.)— This 
add  is  formed  in  the  preparation  of  nitrophthalene  as  above  described,  and  is  pre- 
dpitated  from  its  aqueous  solution  by  hydrochloric  add,  in  golden  flocks^  which,  by 
flolntion  in  a  mixture  of  1  pt  water  and  2  pts.  alcohol  of  36°,  may  be  obtained  in  stellate 
groups  of  golden-yellow  needles.  It  is  inodorous  and  tasteless  at  first,  but  leaves  a 
pungent  a&r-taste.  When  heated  in  a  tube,  it  melts,  gives  off  an  odour  of  cyanide  of 
ammonium,  and  leaves  a  large  quantity  of  charcoal.  It  is  sparingly  soluble  in  water, 
more  soluble  in  alcohol.  Its  ammoniacal  solution  forms  yellow  predpitates  with  salts 
tiealeium  and  barium  ;  g^nish-yellow  with  cwpric  salts  ;  red  with  sUver-salts,  The 
lead-^ait  is  predpitated  in  orange-yellow  flocks,  which  when  dry,  explode  by  heat^ 
or  by  contact  with  oil  of  vitrioL  The  potassium^ealt  fbrms  reddish-yellow  mammillated 
oystalst  very  soluble  in  water ;  the  solution  possesses  great  colourmg  power. 

Syn.  with  NmoHBOONnr.    (See  MBCONizr,  iii.  803.) 
Syn.  with  Pxcbic  or  Tbisitbofhinio  Aoid. 
^VMJBOTOauVB*    See  Picbotoximb. 

AOID.    See  Pbopioicxo  Aczd. 

or  NrrBOPBUSsiATES.     Syn.  with  KiTBOFSBBiCTAifiDBs. 

(See  Ctahidbs  of  Ibon,  ii.  260.) 

WKTWLOVTWOKMM,    SeePrasMX. 

[O  ACZA.    See  HACKinc  Aero. 

-A  substance  formed  by  the  action  of  Aiming  nitric 
add  (Sobrero),  or  of  a  mixture  of  nitric  and  sulphuric  adds  (Schonbein, 
Beinseh)  on  cane-sugar.  It  is  a  white  transparent  resin,  friable  in  the  cold,  but  at 
ordinary  temperatures  soft,  glutinous,  and  ropy.  It  is  lleutral,  inodorous  and  bitter ; 
melts  at  about  80°  (Beinseh).  It  is  insoluble  in  cold  water,  but  melts  to  an  oil  and 
slowly  dissolves  in  boiling  water;  the  solution  gives  the  reactions  of  nitrites 
(Schonbein).  It  dissolves  freely  in  alcohol,  ether,  sndjixed  oils.  It  explodes  when 
heated  on  platinum  foil  or  by  percussion ;  and  deflagrates  when  touched  with  a  g^w- 
ing  s^inter  (Beinseh).  When  heated  with  solid  caustic  potash,  it  froths  up,  blackens 
and  Uien  takes  fire  (Schonbein).    See  GrneUn's  Handbook,  xv.  295. 

»iy  a  H  Tit ITTli  ^  MTPa.    See  SixJCTLAxroBS. 

WnfMOmSJUMKnTLEC  AOIB.    See  Sai,tcti.ic  Aero. 


See  SaziIctlous  Aero,  DxBrvATmn  of. 

tO-COMVOUarss. — Bodies  formed  by  the  substitution  of  the  monato- 
mie  radide,NO,  for  au  equivalent  quantity  of  hydrogen ;  thus  nitrous  acid,  HNO",  may 
Vol.  IV.  I 
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be  regarded  as  ^(o,  that  is  as  a  molecule  of  water,  in  which  half  the  hydrogen  is 
replaced  by  nitrosyl ;  and  similarly  for  all  the  nitrites. 


C«H>*N«0  «  C*ff»rNO)N.  (GeutherandKreutzhage, 
Ann.  Ch.  Pharm.  cxxvii.  43.) — This  body,  which  has  the  composition  of  diethylamine, 
C^H"N,  in  whidi  1  at.  hydrogen  is  replaced  by  nitrosyl,  is  produced  by  the  action 
of  nitrite  of  potassium  on  hydrochlorate  of  diethylamine : 

C*H"N  +  HNO»    -    C*H'«NK)  +  H«0. 

The  materials  are  distilled  toeether  at  a  gentle  heat ;  the  nitrosethylin  is  freed  fix)m 
diethylamine  by  redistilling  uie  liquid  after  neutralisation  with  sulphuric  acid ;  the 
sulpliate  of  diethylamine  which  remains  is  completely  converted  into  nitrosethylin  by 
repeated  treatment  with  nitrite  of  potassium ;  and  the  nitrosethylin,  after  dehydra- 
tion with  chloride  of  calcium,  is  rectified  in  a  stream  of  carbonic  anhydride,  the 
portion  which  distils  at  about  176^  being  collect^  aparL 

Nitrosethylin  is  an  oily  liquid  of  faint  yellowish  colour,  peculiar  aromatic  odour,  and 
burning  taste.  It  has  a  specific  gravity  of  0*951  at  17*5°,  and  boils  at  176-9<'.  When 
exposed  to  the  air^  it  gradually  turns  brown.  It  dissolves  in  strong  hydrochloric  acid, 
forming  a  dark  coloured  Uquidf,  which  is  decomposed  hj  heat,  g^iving  off  nitric  oxide 
and  leaving  hydrochlorate  of  diethylamine.  The  reaction  is  evidenUy  the  reverse  of 
that  by  which  nitrosethylin  is  formed  (see  the  above  equation),  the  nitrous  acid  first 
set  free  being  immediately  resolved  into  nitric  oxide  and  nitric  acid.  Nitrosethylin 
absorbs  hydrochloric  acid  gas,  forming  a  thick  liquid,  in  which,  after  the  excess  of  hydro- 
chloric acid  has  been  removed  by  a  stream  of  carbonic  anhydride,  crystals  are  formed, 
which  dissolve  easily  in  water.  The  action  of  chlorine  on  nitrosethylin  also  gives  rise 
to  crystalline  products. 

WZTR080-MAA0VZC  AGXD.  C*H"NO>  «  C*H*(NO)0^  (Baeyer,  Ann.  Ch. 
Pharm.  cxxxi.  293.) — This  acid  is  produced,  not  directly  from  malonic  acid  (iii.  799), 
but  by  the  action  of  potash  on  violuric  acid,  C^H'N'O',  which  is  itself  produced  by  the 
action  of  nitrous  acid  on  barbituric  acid  (malonyl-carbamide,  CH'(C'H'0*)"NK)),  and 
has  the  composition  of  nitroso-malonyl-carbamide,  CH(NOXC*H*0*)"N*0  (see  Unic 
Acid,  Derivatives  of).    The  reaction  is  as  follows : 

[C.H(no)Ot:)^   +    2H«o   =   ^^JN^   +    [c^(no)02;;|o. 


(CO)" 


Nitroso-malonyl-  CartNiinlde  Mftroso- malonic 

carlwinide.  add. 

Malonic  acid  is  produced  from  barbituric  acid  in  a  precisely  similar  manner. 

To  prepare  the  acid,  violurate  of  potassium  is  warmed  with  potash-ley  of  specific 

gravity  1*2 ;  the  brownish  liquid  is  decolorised  by  addition  of  a  slight  excess  of  acetic 

acid  and  a  few  drops  of  alcohol,  then  filtered  and  mixed  with  about  twice  its  volume 

of  alcohol ;  the  nitroso-malonate  of  potassium,  which  first  separates  in  oily  drops  aod 

then  crystallises,  is  converted  into  a  silver-salt;  and  this  last  is  decomposed  with  nydro- 

chloric  acid.     The  solution  thus  obtained  yields  nitroso-malonic  acid,  by  evaporation 

in  vacuo,  in  shining  prismatic  needles,  very  soluble  in  water,  and  containing  water  of 

dystallisation  which  they  give  off  over  oil  of  vitrioL    The  aqueous  solution  begins  to 

decompose  when  gently  heated,  and  is  completely  resolved  at  the  boiling  heat  into 

prussic  acid,  carbonic  anhydride  and  water : 

C»H»(NO)0*     =.     CNH     +     2C0«     +     H«0. 

The  dry  acid  heated  on  platinum-foil,  first  melts,  and  then  decomposes  with  a  sharp 
report. 

Kitroso-malonic  acid  is  dibasic,  but  only  neutral  salts  of  it  have  been  obtained ;  the 
nitroso-malonates  of  the  alkaff-metals  dissolve  readily  in  water,  but  are  precipitated  by 
alcohol ;  those  of  the  earth-metals  and  heavy  metals  are  insoluble  or  sparingly  soluble, 
and  may  be  obtained  by  precipitation. 

The  poiassium-sali,  C*HK*(NO)0*,  is  precipitated  from  its  aqueous  solution  by 
alcohol,  in  oily  drops  which  soon  solidify  if  the  alcohol  be  quickly  added,  in  larger 
laminee  by  slower  precipitation.  The  Ifad-saU  is  a  ciTstalline  precipitate  containing 
C«HPpb''(N0)0*.2H«0.  The  silvcr'Salt,  C«HAg»(NO)0*.H«0,  is  obtained  as  an 
amorphous  precipitate  which  soon  becomes  crystalline.  It  is  blackened  by  light, 
dissolves  easily  m  nitric  acid  and  in  ammonia,  and  does  not  part  with  its  water  of 
crystallisation  at  110°. 

The  soluble  salts  of  nitroso-malonic  acid  give  a  red  colouring  ytiih  ferric  chloride^  and 
a  dark  olive-green  precipitate  with  cupric  salts. 
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ilmldomaloiilo  aetdf  CH'(NH')0\  A  piodnct  of  the  reduction  of  nitzoeo-malonic 
acid  by  sodium  amalgnm  : 

C»H«(NO)0*     +     H*     -    (?H»(NH»)0*     +     BK>. 

It  czystallises  from  aqueous  solutiou,  by  evaporation  in  tbcuo,  in  rather  large,  ill- 
defined,  ahining  priams ;  by  precipitation  with  alcohol  in  needles.  The  ciystals  con- 
tain water,  wh^  they  gradiiaUy  lose  over  oil  of  yitrioL  The  acid  melts  when  heated, 
giving  off  carbonic  anhydride,  and  leaving  a  residue  of  gly  cocine : 

C«H»NO«    =    C0«     +     C*H*NO«. 

The  same  deoompoaition  takes  place  on  warming  the  aqueous  solution. 

Amidomalonic  add  is  quickly  decomposed  by  oxidising  agents.  When  iodine  is 
added  to  an  aqueous  solution  of  the  acid  containing  a  small  quantity  of  iodide  of 
potaasinm,  the  piodnct  is  mesoxalio  acid  (iiL  932). 

C»H»NO«     +     n«0     +     P     =     CH'O*     +     HI     +     NH<I 

Amidomalonic  MesoxHlle 

afcid«  Mcid. 

The  amidomalonates  of  the  a/kali-metals  are  easily  soluble  in  water  and  are  pre- 
cipitated in  crystals  by  alcohoL  The  othor  amidomalonates  are  sparingly  soluble 
oystalline  precipitates.  The  tiarium-  and  calcium'ScUU  dissolve  with  tolerable  facility 
in  hot  water,  and  crystallise  therefrom.  The  copper-salt  is  a  white-green  precipitate. 
The  potassium-salt  mixed  with  eupric  acetate  appears  to  form  a  blue  double  salt.  The 
alcoholic  solution  of  the  acid  heated  with  eupric  siedts,  throws  down  cupions  oxide.  The 
Uad-  and  tilver-Milts  are  crystalline  precipitates.  The  acid  appears  to  be  monobasic, 
funning  with  neutral  acetate  of  lead  only  one  salt  containing  CH^PbNO*  or 
C«H»Ppb'TJ«0«. 

VTTR080VAPKTBA]Uir.  Om^CNO)!^?  Perkin  and  Church  (Chem. 
Soc  Qu.  J.  ix.  1 ;  Jahresb.  1856,  p.  607),  by  the  action  of  nascent  hydrogen  on 
dinitronaphthalene,  and  by  that  of  nitrous  acid  on  naphthylamine,  or  of  nitrite  of 
potassium  on  hydrochlorate  of  napththylamine,  obtain^  a  dark  coloured  crystalline 
substance  to  which  they  assigned  tne  above  name  and  formula.  But  from  subsequent 
rpse^rches  on  the  action  of  nitrite  of  potassium  on  salts  of  napththylamine  (Chem.  Soc. 
J.  xvL  207),  they  conclude  that  the  product  formerly  obtained  was  net  a  definite  com- 
pound, but  a  mixture  of  two  or  more  different  substances;,  and  that  when  proper  pre- 
cautions are  taken  to  ensure  a  definite  reaction,  the  product  consists  essentially  of 
asodinaphthyldiamine,  C*H'*N'  (p.  23);  they  are  also  of  opinion  that  the  body 
formerly  described  by  them  as  nitzosonaphthalin  has  no  existence.  Considering  how- 
ever that  this  suppoised  body  is  exactly  analogous  in  composition  and  'mode  of  for- 
mation to  nitrosetnylin  and  nitrosophenylin,  and  that  the  reaction  by  which  it  was 
originally  obtained  is  said  to  have  given  rise  to  the  formation  of  more  than  one  com- 
pouid,  its  existence  cannot  perhaps  be  regarded  as  completely  disproved.  The  action 
of  nascent  hydrogen  on  dinitronaphthalene,  by  which  nitrosonaphthalin  was  first  ob-  - 
tained,  does  not  appear  to  have  been  re-examined. 

VXTBOSOPnannbnr.  C«H«N'6  »  C«H'(NO)N.  Perkin  and  Church 
(Chem.  Soc  Qu-  J.  ix.  1). — This  substance,  which  is  analogous  in  composition  to 
nitrosethylin  and  nitrosonaphthalin,  and  may  be  regarded  as  phenylamine  (CH'N), 
in  which  1  at.  H  is  replaced  by  NO,  is  obtained  by  the  action  of  nascent  hydrogen  on 
dinittobenzene.  When  a  piece  of  pure  zinc  is  immersed  in  a  cold  saturated  alcoholic 
solution  of  dinitrobenzene,  and  strong  hydrochloric  acid  is  gradually  added,  the  evolu- 
tion of  hydrogen  soon  ceases,  and  the  liquid  gradually  acquires  a  crimson  colour.  At 
the  end  of  the  reaction,  the  zinc  is  to  be  taken  out,  the  liquid  completely  noutraliHed 
with  alkali,  and  the  dark  coloured  zinc-oxide  repeatedly  washed  with  strong  alcohol. 
The  alcoholic  solution  when  evaporated,  leaves  nitrosophenylin,  which  may  be  purified 
by  washing  with  water,  re-solution  in  alcohol,  and  evaporation  over  the  water-bath. 

Nitrosophenylin  is  a  black,  shining,  brittle  substance,  which  melts  when  heated,  and 
then  decomposes  ;  is  nearly  insoluble  in  water,  veiy  slightly  soluble  in  bcnzenr^  easily 
■oloblo  in  aeidt  and  in  alcuhul.  An  alcoholic  solution  containing  only  0*2  per  cent, 
nitrosophenylin  appears  opaque  and  of  a  shining  orange-red  colour  by  reflected  light. 
Strong  kydroeUoric  or  sulphuric  acid  dissolves  nitrosophenylin  with  a  splendid  crimson 
colour ;  boiling  nitric  acid,  with  yellow ;  fuming  smphuric  acid,  with  brown  colour. 
Alkalis  precipitate  it  from  its  add  solutions  without  alteration,  at  least  if  they  act  for  a 
short  time  only.  By  the  prolonged  action  of  nascent  hydroaen,  nitrosophenylin  is  con- 
verted into  a  colourless  substance  not  containing  oxygen,  when  heated  with  so<2a-/t7iie 
it  gives  off  all  its  nitrogen  as  ammonia  and  aniline. 

MlTBOS<l-FZPBItLDlJi  B.     See  Pifbbxdinb. 

i2 
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U  comnonly  called  Nitrosulphates,  Theee  salts,  pro- 
duced by  the  simultaneous  action  of  nitric  oxide  and  sulphurous  anhydride  on  alkaline 
liquids,  are  usually  regarded  as  sulphates  in  which  one  atom  of  oxygen  is  displaced  by 
2  atoms  of  nitrosyl,  e.g.  K''SO*(NO)'.  A  dry  mixture  of  2  toI.  sulphurous  anhydride 
and  4  vol.  nitric  oxide,  though  of  itself  permanent,  is  gradually  absorbed  by  a  strong 
solution  of  caustic  potash  or  soda,  with  formation  of  a  nitrososulphate  of  alkali-metal. 
Nitrososu^hate  of  ammonium  is  prepared  by  passing  a  current  of  nitric  oxide  gas  for 
some  hours  through  a  cooled  mixture  of  one  measure  of  concentrated  solution  of  sul- 
phite of  ammonium  wil^  fiye  or  six  measures  of  aqueous  ammonia.  Beautiful  white 
crystals  gradually  form,  which  are  to  be  washed  with  an  ice-cold  solution  of  ammonia, 
dried  in  yacuo,  and  preserved  in  a  well-closed  bottle.  The  potassium-  and  sodium- sa/ts 
may  be  prepared  in  a  similar  manner.  They  are  rather  more  stable  than  the  ammo- 
nium-salts. 

Nitrososulphate  solutions  have  a  sharp  bitter  taste  ;  they  are  neutral  to  test-paper 
and  do  not  give  any  precipitate  with  chloride  of  barium.  They  are  permanent  only  at 
the  freesdng  point  or  in  presence  of  an  excess  of  caustic  alkali.  Their  spontaneous  de- 
composition mto  nitrous  oxide  and  a  sulphate  varies  in  its  rapidity  according  to  the 
temperature.  Free  acids  and  most  metallic  salts  transform  the  nitroso-sul^hates  im- 
mediately into  sulphuric  acid  and  nitrous  oxide  gas.  A  similar  decomposition  of  the 
salts  is  effected  by  contact  with  spongy  platinum,  charcoal,  oxide  of  silver,  peroxide  of 
manganese,  &c. : — 

K«SO«(NO)«     =    k:"so*    +    N«0. 

Dry  nitrososulphate  of  ammonium  is  decomposed  with  almost  explosive  violence  when 
heated  to  a  temperature  a  little  above  that  of  boiling  water.  (Odlin^s  Manual  of 
Chemistry^  p.  272.) 

SrXT&OSTZ&BXO  AOXB.  C>*H*(KO')0*  ?— An  acid  formed,  together  with 
several  other  products,  by  the  action  of  boiling  nitric  acid  on  stilbene  {g.  v,).  It  is  a 
yellowish  powder,  nearly  insoluble  in  water,  but  soluble  in  alcohol,  and  still  more  so 
in  ether.    (Laurent,  Kev.  Scient  xvi.  373.) 

Syn.  with  Nitrocimnaicbkb.  (See  CiNNA.VB9ni,  i.  983.) 

U  Laurent's  name  for  the  compound  SO'(NO')H, 
which  he  supposed  to  constitute  the  crystals  of  the  sulphuric  acid  chambers. 

VXTftOSVXyBATBS.     Syn.  with  Nitboso-sulphatbs. 

VZT&OBV]LPBZBB8    OF  XSOV.     See  Ibom  (iii.  391). 

VXTROSmLiPBOBBHIUXIB.     See  Sulfhobenzidb. 

WZTftOBVXJPBOBBarXXBZO  JkCTDm  Syn.  with  NrrROPEBKYL-suLFHUBOUS 
Acid.    (See  Sulphubous  Ethbbs.) 

See  SuLPHOCTvoLic  Acid. 

See  SULPHONAPHTHALIC  AciD. 

See  SuLPHOTOLtrxxic  Acn>. 
M  ITJfcOBirZiPBOBT&OZJCO   ACZB.     See  Sulphoxylolic  Acm. 

or  AZOTVIk    The  name  of  nitric  oxide  in  combination. 


SrZTB08T&p  OBIiOBZBBB  OV.  Nitrosyl  forms  two  chlorides,  a  proto-  and 
a  di-chloride. 

The  protochloride,  NOOl,  also  called  Chloronitrous  gas,  is  produced  by  the  direct 
combination  of  chlorine  and  nitric  oxide  gases,  1  vol.  CI  and  2  vol.  NO  uniting  to 
form  2  vol.  chloride  of  nitrosyl ;  it  also  constitutes  the  principal  product  of  the  latter 
staffe  of  the  decomposition  of  nitromuriatic  acid  (p.  112). 

Protochloride  of  nitrosyl  is  a  deep  orange-coloured  gas.  It  is  condensed  by  a  freezing 
mixture  of  ice  and  salt,  into  a  red  fdming  liquid,  possessing  the  peculiar  smell  of  nitro- 
muriatic add.  It  is  decomposed  by  water  into  hydrochloric  and  nitrous  adds,  and 
acts  in  a  similar  manner  on  alkaline  hydrates,  forming  a  chloride  and  a  nitrite  of  the 
alkali-metal: 

NOCl  +  2KH0  =  KCl  +  K(NO)0  +  HK). 
It  is  decomposed  by  mercury,  with  formation  of  calomel  and  liberation  of  nitric  oxide: 

NOa     +     Hhg     =     HhgCl     +     NO. 
It  does  not  act  on  gold  or  platinum. 
Dichloride  of  Nitrosyl,  NOCI',  called  by  Gay-Lussac,  who  disoovered  it^ 
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Ckiarchdtiirie  got,  is  obtained  by  distilling,  at  a  gentle  beat  in  a  water-bath,  a  mixture 
of  1  pL  of  strong  nitric  acid  irith  about  3  pts.  of  hydrochloric  add.  The  products 
should  be  |>as8ed  first  through  a  ressel  surrounded  with  ice,  and  then  through  a  U-tube 
iraraerscHi  in  a  mixture  of  ice  and  salt.  In  this  tube  the  compound  condenses,  while 
free  chlorine  escapee  as  gas : 

HNO*     +     3Ha     -    N0C1«     +     2H«0     +     CL 

Dichloride  of  nitrosyl  is  a  transparent,  red,  fuming  liquid,  which  may  be  dried  over 
chloride  of  calcium.  It  boib  at  —  7°,  being  converted  into  a  deep  lemon- yellow  gas  or 
Tapour,  smelling  strongly  of  nitromuriatic  acid.  When  decomposed  by  alkaline  hy- 
drates,  it  forms  a  nitrate  as  well  as  a  nitrite  and  chloride  of  the  alkali-metal,  thus: 

2N0C1»  +  6KH0  =  4Ka  +  KNO»  +  KNO*  +  3H«0. 

It  reacts  in  a  similar  manner  with  water,  producing  nitzous,  nitric  and  hydrochloric 
acids.  With  excess  of  mercury  it  forms  calomel  and  nitric  oxide.  It  does  not  act  on 
gold  or  platinum. 

WZTKOTA&TAXZO  ACXB.    See  Tabtabio  Acm. 

Syn.  with  CHOLBsnioPHAini  (i.  926). 

Syn.  with  Nitbobsnztulhiiib.  (See  Bemzylascikb,  i.  576. ) 

M  ITMOTOXiVSVa  or  VZTBOTOXiirO&.  Syn.  with  Htdbidb  of  Kitbo- 
raazn..     (See  Bbnztl,  Htdbidb  of,  i.  674.) 

L      See  TOLXTTLAUIDB. 

ACXB.    See  Tolutuo  Acn>. 

I    See  Ttbosinb. 

M ITHO V  ft  TalWilAMTO  ACXB.    See  Valbbianic  Acm. 

^OVB&ATBZO  ACZD.    See  Vkbatbic  Acid. 

See  Ybbatbol. 

See  Amtlbnb  (i.  208). 

Jil'l' It 0T A nnXBMB,  VXTBOXTBVXJPBZra  OF*  The  name  given  by 
Guthrie  to  the  compound  C'*H>*S(NO')*,  produced  by  heating  disulphochloride  of 
amylene  (i.  209)  with  strong  nitric  acid.  A  riolent  action  then  takes  place,  the  disul- 
phochloride being  partly  conrerted  into  sulphuric,  hydrochloric,  and  oxauc  add,  together 
with  a  coDJugated  sidphurio  acid,  not  yet  examined,  partly  into  the  compound 
C'*H"S(NO')*,  which  dutils  over  as  a  heavy  green  liquid,  insoluble  in  water,  and  may 
be  obtained  pure  by  washing  and  drying.  It  is  soluble  in  alcohol  and  ether,  and 
appears  to  be  very  easily  decomposed  by  sulphide  of  ammonium.  (Guthrie,  Chenu 
See.  Qn.  J.  xiv.  138.) 

VXTBOZXV  or  BXTBOBTB.    Syn.  with  Nitbti. 

BZTBOBTBBVXOZO  ACZB.    See  Oxtbbmzoic  Acid. 

WXTBOBTBBBB  or  BmOZTZiOB.     See  Xtlbmb. 

VZTBOX.TB-VIBBBZBZBB.  The  name  eiven  by  Wertheim  to  the  compound, 
OH>*(N0)N,  more  properly  called  Niiroao-piperidine.    (See  Pifebidinb.) 

BZTBOZTBrABBTRAliZO  ACSB.  Gi'H'NO*  -  G>*H*(NO*)0?  (Dusart^ 
Compt.  Mnd.  lii  1183 ;  lUp.  Ghim.  pure,  1861,  p.  315;  Jahresb.  1861,  p.  644.)--- An 
add  produced  by  the  oxidation  of  nitronaphthalene.  When  a  mixture  of  1  pt  nitro- 
naphthalene,  1  pt  caustic  potash,  and  2  pts.  slaked  lime  is  heated  to  140°  in  a 
tubulated  retort,  through  wnich  a  current  of  air  or  oxygen  is  slowly  passed,  the  gas 
is  absorbed,  the  mixture  turns  yellow,  and  the  oxidation  is  nearly  completed  in  ten 
or  twelve  hours.  Water  extracts  from  the  product  a  reddish-ydlow  potasdum-SBlt 
possessing  great  colouring  power,  and  acids  added  to  the  solution  throw  down  a  thick 
yellow  magma  of  nitroxynaphthalio  add,  which  may  be  purified  by  washing  with  water. 

Nitroxynapfatbalic  acid  dissolves  easily  in  water,  alcohol,  wood-epirit,  and  aeetio  acid^ 
and  crystallises  from  the  latter  on  ooolina  in  needle-shaped  crystals  of  a  fine  golden 
yellow  colour.  It  has  a  cooling  taste  wi&  bitter  after- taste.  It  melts  at  about  100°, 
and  is  not  volatile.  It  is  a  weak  add,  forming  with  the  alkalis,  strongly  coloured, 
vexT  soluble,  eirstallisable  salts,  the  solutions  of  which  form  coloured  predpitatea 
with  metallic  salts.  It  unites  with  add  sulphate  of  potassium,  forming  a  colourless 
salt. 

Dnnrt  aadgni  to  nitroxynaphthalic  add  the  formuU  C^ff*(NO*)OMO,  and  to  its 


1 18  NITRUM— NOMENCLATURE. 

salts  the  formula  C^E'{yO^O.MO,  that  is  to  say  he  regards  the  add  as  differiiig  from 
nitronaphthalene  by  the  addition  of  1  at  water  (&0),  and  1  at  0,  or  by  1  at  HiP.  As 
such  a  constitution  is  contraiy  to  all  analogy,  Wurtz  (B^p.  Chim.pure,  1861,  p.  316) 


C»E"»(NO«)«0*. 

Nitroxynaphthalic  add  becomes  heated  in  contact  with  sulphuHc  acid,  and  eliminates 
sulphurous  anhydride.  It  is  strongly  attacked  by  nitric  cund^  yielding  oxalic  add  and 
a  re^in  which  by  prolonged  action  is  converted  into  phthalic  add.  By  reducing  agenU 
it  is  couTerted  into  oxynaphthylamine,  a  weak  base  to  which  Dusart  assigns  tlie 
formuLi  (^H'^NO*.    It  is  more  probably  either  C»»H"NO«  or  C"H»NK)«. 

JilTltUM.  This  name  is  or  has  been  applied  to  several  salts  of  nitric  add  and 
products  derived  from  them,  e,g,:  Nitrum  antimoniatum:  an  obsolete  pharmaceutical 
preparation  consisting  chiefly  of  nitrite  of  potassium  mixed  with  nitrate  and  sulphate 
of  potassium,  obtained  as  a  bye-product  in  the  preparation  of  washed  oxide  of  antimony 
(antimonium  diaphoreticum  ablutum)^  by  igniting  sulphide  of  antimony  with  saltpetre 
and  washing  the  product  with  water. — liitrum  cubicum :  nitrate  of  sodium. — Nitrum 
fixum :  nitrate  of  potassium;  also  carbonate  of  potassium  obtained  by  deflagrating  salt- 
petre with  charcoal. — Nitrum  JUimmana :  nitrate  of  ammonium. — Nitrum  tabtdatum 
or  Sal  prunella:  fused  saltpetre  (p.  101). 

JUTlfcVJi.    Nitric  peroxide  in  combination  (see  page  77). 

VOMXSircibATiniB.  Chemical  nomenclature  is  the  spoken  languaen  of 
chemistry,  as  the  Symbolic  Notation  is  the  written  language  of  the  sdence.  Beiug 
thus  at  once  the  product  and  the  instrument  of  thought  upon  chemical  subjects,  it  has 
necessarily,  at  eveiy  period  in  the  histoiy  of  the  science,  reflected  the  general  intellec- 
tual character  of  the  time,  as  well  as  the  stage  of  development  which  chemistir  had 
reached.  Thus  the  early  and  deeply  routed  belief  that  the  heavenly  bodies  exercised  a 
direct  influence  on  all  terrestrial  affnirs,  gave  rise,  among  the  early  cultivators  of 
physical  science,  to  the  idea  that  they  severally  determined  the  characters  and  properties 
of  the  different  metals ;  and  this  idea  recorded  itself  in  tlie  language  of  chemistry  by 
such  names  as  Sol  for  gold,  Luna  or  Diana  for  silver,  Mtrcury  for  quicksilver,  Jupiter 
for  tin,  Mara  for  iron,  Venus  for  copper,  and  Saturn  for  lead.  Traces  of  this  nomen- 
clature still  remain  in  expressions  not  yet  gone  quite  out  of  use ;  as  Lunar  caustic^  arbor 
J)iana,  Martial  pyrites,  tincture  of  Mars,  Saturnine  poisoning,  and  the  like,  to  say  nothing 
of  mercury,  which  is  still  universally  employed.  The  language  of  the  alchemists  was 
made  up  in  great  part  of  names  involving  far-fetched  comparisons,  indicating  the  mystical 
habits  of  thought  of  those  who  invented  and  employed  them,  so  that  it  is  now  next  to 
impossible  to  say  upon  what  prindples  it  was  founded — ^if,  indeed,  it  was  based  upon 
any  general  prindples  at  all— or  what  ideas  it  was  meant  to  convey.  In  the  language 
of  Lavoisier,  speaking  of  the  alchemists — "  II  leur  aurait  6t6  difficile  de  transmettre  & 
leurs  lecteurs  ce  qu'ils  n'avaient  pas  eux-m6mes,  des  id^es  justes  et  vraies.  De  plus 
leur  objet  n'^tait  pas  toigours  de  se  faire  entendre.  lis  se  servaient  d'un  langage  ^nig- 
matique  qui  leur  ^tait  particulior,  qui,  le  plus  souvent»  pr^sentait  un  sens  pour  lea 


JJhomo  galeatuSf  Thomme  arm^,  d^ignait  une  cucurbito  gamie  de  son  chapiteau ;  la  tete 
de  mort,  un  chapiteau  d'alembic ;  le  pelican  exprimaitun  vaisseaudistillatoire;  le  caput 
moriuuviy  la  terre  damnSe,  signifiait  le  r^idu  d  une  distillation."  At  a  later  period,  ideas 
of  a  more  material  order  inspired  the  language  of  our  science,  and  slight  resemblances 
in  some  external  character  between  certain  chemical  products  and  common  artides  of 
household  life,  gave  rise  to  such  names  as  oil  of  vitriol,  oil  of  tartar  by  deliquescence^ 
cream  of  tartar,  milk  of  lime,  hutt'r  of  antimony,  sugar  of  lead,  liver  of  sulphur ; — 
names  which  surely  justified  Dumas  in  saying  "Les  chimistes  semblaient  avoir  emprunte 
le  langage  des  cuisinieres."  But  the  inappropriate  character  of  the  names  of  indi- 
vidual substances  was  not  the  only  defect  of  chemical  nomendature  in  early  times : 
another  great  fault  was  the  multiplicity  of  names  borne  by  a  single  substance.  Thus, 
for  example,  the  body  now  known  as  sulphate  of  potassium  was  called  vitriol  of  potash^ 
vitriolised  tartar,  vitriolised  nitres  sal  de  duohus,  an*anum  duplicatum^  sal  duplicatum, 
panacea  duDlicata,  sal  polgchrestum  Glauberi ;  and  carbonate  of  potassium  was 
Jixed  salt  of  tartar ^  fixed  vegetable  alkali,  asrated  fixed  vegetable  alkali^  chalky  tartar 
(tartre  crayeux),  mephitic  tartar ,  nitrum  fixum  per  se.  Alkahest  of  Vanhelmont,  aleali 
extemporaneum,  &c. 

According  to  Lavoisier,  the  merit  of  having  made  the  first  attempt  towards  the 
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introdnction  of  a  nomendatnre  based  upon  truly  chemical  principles,  is  chiefly  dne  to 
Macqner  and  Banm^:  **Crest4  enz  qn*on  doit  principalement  d'ayoir  d&ign^  les 
sels  m^talliqaes  par  le  nom  de  I'acide  et  du  m^tal  qni  entrent  dans  leur  composition ; 
d'avoir  classe  sous  le  nom  de  mtriols  tons  les  sels  r&oltants  de  la  dissolution  d'une  snb- 
8t;ince  m^talliqne  dans  Tadde  vitriolique ;  sons  le  nom  de  nitres  tons  les  sels  dans 
Icsqnels  entre  racide  nitreux  "  [nitric  acid].  A  farther  adyance  towards  a  systematic 
nomenclature  was  made  byBergmaninhis  SciagrapMa  rcgni  mtneralis,  first  pub- 
lished in  the  XJpsal  Transactions,  and  issued  separately  in  1782  (the  edition  that  has 
been  consulted  is  dated  London,  1783),  and  in  his  Thoughts  on  aNatural  System  of  Fossils 
published  at  about  the  same  time.  This  work  has  been  consulted  in  "Essays  Physical 
and  Chemical,  by  Sir  Torbem  Bergman,"  Edinb.  1791.  In  the  former  work,  names 
made  up  of  a  noun-substantiye  to  indicate  the  base,  and  an  a(^ectiye  denoting  the  acid, 
are  given  to  the  salts  of  the  alkalis,  earths,  and  metals.  The  following  is  a  specimen 
of  thia  nomenclature : — 

Modern  iiamei.  Bergman's  names. 

Sulphate  of  Potassium  Alkali  vcgetahUe  intriolatum. 

Nitrate  „  Alkali  vegetabile  niiratum. 

Chloride  „  Alkali  vegetabile  salUwm, 

Carbonate       „  Alkali  vcgetahUe  asratum. 

Sulphate  of  Sodium  Alkali  minerale  vitridaitim, 

Nitrate  „  Alkali  minerale  nitratum. 

Chloride         „  Alkali  minerals  saliiuTn. 

Carbonate       „  Alkali  minerale  deratum. 

The  eaarths  being  distinguished  as  terra  ponderosa,  calx,  magnesia,  argilla,  and  terra 
tiUeea,  the  names  of  their  salts  were  formed  in  the  same  way  as  those  of  the  salts  of 
the  alkalis :  as,  terra  ponderosa  vitriolata,  calxflttorata,  magnesia  aerata.    The  metal- 
lic salta  also  were  named  in  the  same  manner,  e.g.ferrum  vitriolatum,  ferrum  aeratum, 
ferrtan  nitratum^  ferrum  salitum,  einciim  vitriotaiumf  &c    In  the  second  of  the  works 
mentioned  aboye,  the  latter  part  of  which  specially  treats  '*  Of  giving  Names  to  Fossils," 
Bergman  suggested  a  still  more  systematic  nomendaturo.    Id.  the  first  place,  he  pro- 
posed to  designate  all  metals  by  names  ending  in  -urn,  and  accordingly  replaced  the 
pUUina  of  the  Spaniards  hyplattnum.    The  acids  he  denoted  by  adjectival  substantives, 
as  follows : — vitriolicum  (sulphuric),  sulphureum  (sulphurous),  nitrosum  (nitric),  «t- 
trtum  (nitrous),  mvriaticum,  regalinum,Jittoratum,  arsenicale,  boracinumj  sacckarinum, 
oxalinumf  tartarum,phosphoreu7n,  formicate,  aereum,  &c. — acidum  being  in  each  case 
understood.    By  adding  to  the  names  of  the  acids  adjectives  formed  from  those  of  the 
sereral  bases,  he  obtained  names  for  the  neutral  salts ;   as,  for  example,  vitriolicum 
potasainatum^  vitriolieum  natrntum,  muriaiieum  amm/miacum,  nitrosum  harytatum, 
muriaticttm  harytatum,  nitrosum  argentatum,  arsenicale  cobaltatum.    He  even  went  so 
&r  as  to  point  out  how  salts  formed  by  the  combination  of  the  same  acid  and  base  in 
various  proportions  might  be  distinguished:  thus — "Tartar,  with  an  excess  of  acid, 
can  be  defined  by  a  combination  of  its  generic  name  with  the  genitiye  of  its  base,  as 
tartareum  potassini ;  but,  when  pecfectly  saturated,  may  be  called  tartareum  po- 
tassinatum.    In  like  manner  we  snail  have  oxalinum  potassini,  but,  when  exactly 
eatunted,  it  will  be  oxalinum  potassinatum ;  vitriolicum  natri,  and  vitriolicum  natra- 
tum;  natrum  boracini  [boraeinuth  natrifl,  and  boracinum  natratum;  and  so  on  of 
others."    We  have  in  this  passage  probably  the  first  instance  of  the  systematic  employ- 
ment of  the  method  which  has  been  used  to  so  great  an  extent,  and  with  so  much 
adyantage  in  modem  chemical  nomenclature — ^that^   namely,  of  employing  definite 
inflections  or  changes  of  termination  to  express  definite  dififerences  of  composition. 

About  the  same  time  that  these  reforms  were  proposed  by  Bergman,  a  similar 
attempt  was  made  in  France  by  Guy  ton  de  Morveau.  The  suggestions  of  the 
fVencn  chemist  were  first  published  in  the  Journal  de  Physique  fovMay,  1782,  and  were 
known  toBergman  when  he  published  his  later  system:  for  he  expressly  states  that 
he  adopts  the  terms  barites  in  place  of  terra  ponderosa  from  de  Moryeau,  but  he  at  the 
same  time  asserts,  by  implication,  the  independent  character  of  his  own  nomenclature, 
by  expressing  his  satisfiuTtion  at  the  agreement  he  finds  between  many  of  de  Moryeau's 
proposed  reforms  and  his  own.  The  respectful  terms  in  which  each  author  speaks  of 
the  other,  forbid  us  to  think  that  either  was  in  any  degree  chargeable  with  plagiarism ; 
but  tiie  following  specimen  of  de  Morveau*  s  nomenclature  (quoted  by  Dumas  in 
his  L^ons  da  PkUosophie  CMmique,  p.  228),  will  show  that  it  closely  resembled  Ber;^- 
man's,  not  only  in  the  principles  of  its  formation  and  ita  range  of  application,  but  also  m 
■ereral  of  the  individual  names  adopted. 
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Specimen  of  GuffUm  de  Morveai^s  etftitem  of  Chemical  NomeneUOurt, 

Acidet.  Sela. 


Vitriolique 

Vitriolfl 

Phlogistiqu* 

Nitreox     . 

KitTOB 

Calce 

Arsenical . 

Ars^niates . 

Baiyte 

Boracin    . 

Borazs 

Or 

flnorique 

Fluon 

Argent 

Citronien . 

CitratM     . 

Pkiine 

Oxalique  . 
S^bac2      . 

Ozaltefl 

Mercure 

Sebates 

Cuivre 

Esprit  de  yin. 

Although  de  Mor  veaii*B  snggestions  do  not  appear  to  hare  prodaced  an^  immediate 
effect  of  importance,  the  attention  which  he  enccf^ed  in  calling  to  the  subject  reenlted 
soon  afterwardfl  in  the  publication  of  a  much  more  complete  and  more  sucoessfol  plan 
of  reform.  This  ^stem  of  nomenclature — the  joint  production  of  Lavoisier,  de 
Horveau,  BerthoUet,  andFourcroy — was  published  in  1787,  under  the  title  "  Mithode 
de  Nomenclature  Chimiquef  proposee  par  MM.  de  Morveau^  Lavoisier^  Bertholet^  et  de 
Fourcroy,'*  (Paris,  1787,  8vo.)>  and  still  continues  the  foundation  of  the  lan- 
guage which,  with  many  yariations  in  minor  points,  is  employed  by  all  chemists  at 
the  present  day.  It  was  based  upon  the  fundamentsJ  propositions  that  aU  substances 
which  cannot  be  decomposed  must  be  regarded,  nroTisioniilly  at  least,  as  simple ;  and 
that  the  names  of  compound  bodies  ou^ht  to  indicate  the  simple  bodies  which  they 
contain,  and  also,  as  far  as  possible,  their  relative  proportions.  Thus  the  compouniu 
of  oxiahu  were  sobdiyided  into  oxides  and  acideSf  and  these  latter  were  again  dis- 
tinguished by  specific  names  ending  in  -eitx  or  "ique  respectively,  according  as  thej 
contained  less  or  more  oxysen:  for  example,  oxtae  tTareenic,  acide  arshtique,  oxide 
nitreux,  aeide  nitreux,  anae  wUrique;  (Kide  eu^ureux,  acide  etdfurique.  When, 
however,  several  compounds  of  the  same  elements  in  different  proportions  were  known, 
it  was  found  impracticable  to  cairy  out  the  second  fandamentai  rule  to  its  foil  extent, 
and  in  such  cases,  as  for  instance  m  the  case  of  the  organic  acids,  arbitrary  names  were 
adopted,  which  recalled  the  derivation  of  the  substances  to  which  they  were  applied, 
and  were  similar  in  form  to  the  names  formed  more  strictly  according  to  rule.  Thus, 
for  example,  came  such  names  as  acide  eucoinique,  acide  vialique,  acide  tartareux^  &c. 
The  very  important  rule  according  to  which  the  names  of  metallic  and  other  salts  are 
formed  from  the  names  of  the  corresponding  adds — ^the  former  being  made  to  end  in 
'ite  or  -de  respectively  when  the  latter  ended  in  -eux  or  'ique — ^was  also  now  intro- 
duced for  the  first  time.  The  nomenclature  of  this  class  oi  bodies  thus  became  very 
nearly  what  it  is  at  present,  as  will  appear  from  a  few  examples : — eu^ate  ^alumine^ 
or  sulfaie  alundneux;  nitrite  d^ammoniaque,OT  nitrite  ammoniacal;  nitrate  (Cammoniaque 
or  nitrate  ammoniacal;  carbonate  barytique,  or  carbonate  de  baryte ;  phosphate  de 
sonde,  &e.&c 

The  mineral  acids,  oxides,  and  neutral  salts  being  almost  the  only  chemical  sub- 
stances which  had  been  much  studied  at  the  time  of  which  we  are  speaking,  it  is  no 
reproach  to  the  nomenclature  of  Lavoisier  and  de  Morveau  to  say  that  in  its  original 
form  it  was  not  applicable  to  many  compound  bodies  besides  these ;  but  the  fitct  that 
BO  much  of  their  system  is  still  retained,  and  that  our  present  nomenclature  has 
resulted  from  it  by  a  process  of  development^  rather  than  of  oi^anic  change^  is  a 
striking  proof  how  well  they  succeeded  in  their  professed  object  of  devising  "  une 
m^thode  de  nommer,  plnt6t  qu*une  nomenclature." 

It  is  obvious  from  what  has  be<9n  said  that  Lavoisier's  nomenclature  was  an  em- 
bodiment of  the  antiphlogistic  doctrines  in  chemistiy,  and  accordingly  we  find  Uiat  the 
histoiy  of  its  spread  and  adoption  is,  in  the  main,  the  hixtoiy  of  the  advance  of  these 
doctrines.  It  naturally  came  into  general  use  earlier  in  France  than  elsewhere,  but 
according  to  Kopp  iGeschichie,  ii.  418),  it  was  adopted  by  Black  and  other  leadins 
English  chemists  almost  from  the  first*  The  Systems  de  J/bmendature  was  translated 
into  English  b^  Pearson,  the  translation  reaching  a  second  edition  in  1799.  In 
1802  Ch en evix  published  a  work,  ably  advocating  ita  adoption,  and  one  of  the 
earliest  important  improyements  which  it  received  was  due  to  Dr.  Thomas  Thomson, 
who  in  1804  introduced  the  terms  protoxide,  deutoxide,  peroxide,  &&,  to  fJiata'ngniA  the 
different  degrees  of  oxidation  of  the  same  metaL  The  new  nomenclature  was  translated 
into  German  by  Girrtanner,in  1791,  under  the  titie  Neue  ehemischeNomeneUaur  fur 

*  Thfi  tUtcment  cannot  be  more  th«n  partially  true  In  to  fkr  aa  it  relates  to  Black  ;  for  acoonUng  to 
Roblson,  **  He  dUUked  the  avowed  principle  of  the  nomenclature,  thinking  It  more  likely  to  corrapt 
•clence  than  to  promote  it ;  and  he  b<*gan  to  write  tome  obterratlout  upon  it,  but  be  toon  datifted/* 
(Black't  Lectmra  om  the  Elements  qf  Ckemi$irif,  vol.  iL  p.  SIS.) 
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die  deutseke  Sprache  (Berlin),  but  its  general  adoption  in  Germany  was  due  in  great 
measure  to  Gren  and  to  Gilbert,  the  editor  of  the  Annalen  der  Phyaik^  a  journal 
which  was  the  forerunner,  -from  1799  to  1824,  of  the  present  "PoggendorfPs  Annalen 
der  Physik  und  Chemie/'  In  1795  it  was  translated  into  Swedish  by  Eke  berg,  and 
waa  employed  byBerzeliusinhis  earliest  memoirs. 

In  1814,  a  nomenclature  based  upon  similar  principles,  but  as  was  supposed  by  its 
author  more  in  harmony  with  the  genius  of  the  lanp;uages  of  Northern  Europe,  was 
proposed  by  Oersted  of  Copenhagen.  The  following  are  a  few  examples  of  this 
nomenclature:  Eld,  oxygen  (from  lid  a  fire,  Danuh)\  Eldluft,  oxygen  gas; 
elden,  to  oxidise;  Brint,  hydrogen  (from  brennen  =  to  bum,  Germ.)\  £sch, 
alkali;  sschig^  alkaline;  T an aesk,  potash;  Natersesk,  soda;  Syafyelbrintadt 
SvafTeltansesk,  sulphydrate  of  potassium. 

The  spread  of  the  new  nomenclature  was  not  however  altogether  unopposed  eyen  by 
chemists  who  accepted  the  most  im^rtant  doctrines  of  the  antiphlogistic  school.  Sir 
Humphry  Davy  in  particular  objected  to  if^  on  the  ground  mat  it  was  based  upon 
theoretical  yiews  of  the  composition  of  bodies.  While  admitting  that  the  principle  of 
regarding  undeoomposed  bodies  as  simple,  was  "  logical  and  truly  philosophical,"  he 
contended  that  this  principle  could  not  he  safely  taken  as  the  basis  of  a  nomenclature, 
until  all  the  elements  were  certainly  known ;  and  hence  he  prefezred  such  names  as 
Tuetals,  earths,  MaUs  (which  merely  class  together  as  similar  the  bodies  to  which  they 
are  applied),  to  names  like  oxides^  sulphurets,  muriates  (which  involve  a  theoretical 
explanation  of  the  similarity  of  the  bodies  denoted  by  them).  In  applying  these  views 
to  the  nomenclature  of  individual  substances,  Davy  endeavoured  "  to  signOy  the  analo- 
gies of  substances  by  some  common  sign  affixed  to  the  beginning  or  termination  of  the 
word."  Thu8»  as  the  metals  had  been  distinguished  by  a  termination  in  um  as  aurum, 
"  so,'*  ho  said,  **  their  cakdform  or  oxidated  state  might  have  been  denoted  by  a  termina- 
tion in  a,  aa  aura**  a  rule  already  followed  in  the  Latin  nomenclature  of  the  alkalis 
and  earths,  which  Davy's  own  experiments  had  proved  to  belong  to  the  class  of  oxides. 
Similarly  he  proposed  to  denote  the  chlorides  containing  one  proportion  of  chlorine  by 
names  ending  in  -<me,  and  those  containing  two  and  three  proportions  respectively,  by 
names  in  -<ma,  and  in  -anee  ;  for  the  iodides  he  proposed  names  in  -ame,  and  -ama  ;  for 
the  flnoridesy  names  in  -ale,  and  -ala.  According  to  this  system  the  oxide,  fluoride, 
iodide  and  chloride  of  lead  were  called  respectively  plutnba,  plumbalOf  flumbama, 
and  ftumbanOf  and  the  corresponding  compounds  of  other  elements  received  names 
similar  in  form.  "When  he  proposed  this  nomenclature,  Davy  seems  to  have  over- 
looked the  fact  that  the  statement  that  any  two  bodies  are  analogous,  is  just  as  truly, 
and  usually  .to  about  the  same  extent,  an  expression  ofopirUon  respecting  them,  as  it  is 
to  say  that  they  contain  some  particular  element  in  common.  The  only  relic  of  this 
system  which  we  remember  meeting  with  in  the  current  literature  of  chemistry  is 
Asotan,  which  is  entered  in  the  Uandworterbuch  der  Chemie  (2nd  edit.)  as  *' a  little 
used  name  for  chloride  of  nitrogen." 

Several  other  attempts,  not  more  successful  than  that  of  Davy,  have  been  made  to 
substitute  some  entirely  different  method  of  nomenclature  for  that  proposed  by 
Lavoisier  and  his  colleagues,  but  it  would  offer  no  particular  interest  to  examine  them 
here.  Beferances  to  works^  where  particulars  may  be  found  relative  to  some  of  these 
attempts,  are  given  at  the  end  of  this  article. 

It  is  also  needless  to  pazticularise  all  the  modifications,  by  the  gradual  introduction 
of  which  the  Lavoisierian  nomenclature  has  developed  into  the  language  employed  by 
chemists  at  the  present  da^.  The  most  important  of  these  changes  have  had  for  their 
object,  either  the  substitution  of  names  in  accordance  with  modem  views  of  the  nature 
of  certain  substances  for  earlier  names  which  were  in  opposition  thereto  (as  of  chlorins 
and  kydrockloric  acid  for  oxymuriatic  aoid  and  muriatic  acid  respectively) ;  the  more  exact 
statement  of  the  quantitative  composition  of  compounds  (as  for  instance  the  employment 
of  the  prefixes  per-,  hyp<ht  &c.,  in  addition  Xx>  the  terminations  -to  and  -o««,  'ate  and 
-its,  to  distingmsh  the  various  classes  of  oxygen-salts  formed  by  the  same  element,  and 
the  use  of  numerical  prefiixes,  such  as  <ft-,  tri-,  sesqui-,  for  analogous  purposes) ;  or, 
lastly,  the  introduction  of  greater  uniformity  in  the  methods  of  naming  analogous  com- 
pounds (as  the  employment  of  the  termination  -ide  in  forming  the  names  of  the  binary 
compounds  of  all  the  elements,  that  is  to  say,  the  substitution  of  such  names  as  stdphidi, 
hydride,  &c^  for  sulphuret,  hyduret,  &c. ;  the  extension  of  the  use  of  the  terminations 
-tc  and  -ous  to  metallic  salts,  such  as  mercuric  and  mercwrous  chloride,  ferric  and 
ferrous  sulphate,  &c;  and  the  substitution  of  the  names  of  the  alkali-metals  and 
alkaline-earth  metals  for  those  of  their  oxides  in  the  nomenclature  of  the  corresponding 
oxvgen-salts,  e.^.,  carbonate  of  sodiwn,  stdphate  of  barium,  &c.,  for  carbonate  of  soda, 
sMphate  of  baryta,  &c,  so  as  to  bring  the  names  of  these  bodies  into  uniformity  with 
those  of  the  salts  of  the  heavy  metals,  sulphate  of  copper  for  example*). 

*  The  nvDM  niirate  de  toude,  lulfate  de  baryte,  i ulfata  de  euivrty  &c.,  were  originally  ttrictly 
analofoitt  to  eech  other,  loda,  baryta  and  copper  being  all  of  them  regarded  ai  tiinple  bodies  {  but 
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In  stating  the  rules  which  are  now  most  generally  adopted  in  forming  the  names  of 
chemical  substances,  it  will  be  convenient  to  retain  the  old  distinction  between  inor- 
ganic and  organic  compounds,  the  nomenclature  of  the  former  class  being,  as  we  have 
already  statea,  for  the  most  part  a  mere  extension  of  that  of  Layoisier  and  his  colleagues ; 
while,  among  the  latter  class,  the  large  number  of  bodies  composed  of  the  same  elements 
has  necessitated  the  at  least  partial  adoption  of  other  principles  of  nomenclature. 

NOMENGUkTUKB  OF  iNOBGAmC  BoDIES. 

Names  of  the  Elements. — No  uniform  principle  has  been  followed  in  the  nomencla- 
ture of  the  elementaiy  bodies.  Those  which  have  been  long  known,  have  been  allowed 
to  retain,  either  entirely  unaltered,  or  with  slight  modifications,  the  names  which  belonged 
to  them  in  common  language;  as  iron,  sulphur,  tin,  zinc,  carbon,  &c.  Of  ele- 
ments discovered  in  recent  times,  those  of  which  compounds  were  previously  known 
have  generally  received  names  derived  from  those  of  their  best  known  compounds,  as 
potassium,  sodium,  aluminium,  magnesium,  silicium.  Elements  whose 
discovery  belongs  more  completely  to  modem  times  have  been  named  in  very  various 
ways ;  sometimes  from  the  name  of  the  place  where  the  substance  which  first  yielded 
the  element  was  originally  found,  as  strontium  from  Strontian,  and  yttrium, 
terbium  and  erbium  from  Ytterby;  sometimes  from  some  characteristic  property 
of  the  element  itself  or  of  its  compounds,  as  iodine,  bromine,  rhodium,  osmium, 
chromium;  sometimes  from  the  circumstances  which  led  to  the  discovery  of  the 
element^  as  caesium,  rubidium,  thallium,  indium,  all  of  which  names  refer  to 
the  colour  of  the  spectroscopic  lines  by  means  of  which  the  respective  metals  were 
detected ;  sometimes  a  salient  chemical  or  pliysical  property  has  determined  the  choice 
of  the  name,  as  in  the  cases  of  oxygen,  and  chlorine.  Many  names  of  elements 
oommemoratepersonagesof  classical  mythology,  as  palladium,  niobium,  titanium, 
selenium,  tellurium,  uranium;  while  two,  thorinum  and  vanadium,  per- 
form the  same  ofiice  for  Scandinavian  deities. 

But  notwithstanding  this  great  variety  in  the  sources  from  which  the  names  of  the 
elementary  bodies  are  derived,  these  names  yet  exhibit  a  certain  amount  of  regularity 
in  regard  to  their  forms :  thus,  the  majority  of  the  metals,  including  all  those  discovered 
in  recent  times,  have  names  ending  in  -um,  and  this  termination  is  confined  exclusively 
to  well  characterised  metals  and  to  selenium,  tellurium,  and  silicium,  bodies 
which  lie  nearly  upon  the  border-line  between  metals  and  metalloids ;  again,  the  names 
of  the  halogens  fluorine,  chlorine,  bromine,  and  iodine  all  end  in  -tTie,  and 
the  names  of  another  group  of  somewhat  analogous  elements,  boron,  carbon,  and 
silicon  *  (or  silicium),  have  the  common  termination  -on. 

Names  of  Inorganic  Compounds. — ^The  simplest  compounds  of  the  elementary  bodies 
are  denoted  by  names  ending  in  -ide ;  thus : — 
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These  names  may  be  considered  as  names  of  gensra :  in  order  to  denot-e  individual 
compounds  we  require  to  add  to  them  specific  distinctions  indicating  the  second  element 
which  each  particular  compound  contains.  The  specific  name  of  a  compound  body  is 
formed  from  its  generic  name  by  prefixing  an  adjective,  generally  ending  in  -»e,  or  by 
adding  thereto  the  name  of  its  second  elementary  constituent  preceded  by  of.    Thus 

when  the  alkalis  and  earths  had  been  proved  by  Davy  to  be  metallic  oxides,  the  nomenclalore  of  their 
salts  ceased  to  be  In  exact  accordance  with  that  of  the  corresponding  salts  of  the  heary  metals.  The 
clumsy  remedy  for  thiA  state  of  things  which  consisted  In  designating  the  latter  class  of  salts  by  names 
like  sulphate  of  oxide  qf  coppery  sulphate  of  protoxide  of  tron,  sulphate  of  tesquioxide  qf  irott.  Ac, 
would  assuredly  never  have  been  adopted  by  Lavoisier.  It  is  plain  Irom  many  passages  in  bis  writinn 
(see,  for  instance,  his  Traiti  ilinuntaire  de  Chimie,  vol.  1.  pp.  174, 176-180,  and  195),  that  he  was  fulTj 
aware  of  the  important  differences  exhibited  by  metals  on  the  one  band,  and  by  metallic  oxides  or 
alkalis  and  alkaline-earths  on  the  other  hand,  in  the  phenomena  which  accompany  their  conversion  into 
salts,  and  that  he  even  regarded  these  phenomena  as  indicating  that  the  alkaline-earths  were  in  reality 
metallic  oxides.  He  nevertheless  did  not  venture  to  introduce  into  the  names  of  the  salts  of  these  subl 
stances,  the  names  of  the  metals  which  be  supposed  them  to  contain,  inasmuch  as  the  existence  of 
these  metals  had  not  yet  been  experimentally  demonstrated  ;  but  knd  these  metals  been  known,  it  is 
Quite  certain  that  their  names,  and  not  those  of  their  oxides,  would  have  been  selected  by  him  to  form 
the  basis  of  the  nomenclature  of  the  corresponding  saiu.  See  also  Chenevix,  Bemarks  s^nms  Gtemieat 
NomeneleUure  (Lond.  1808),  pp.  30, 79. 

*  The  Dame  Graphon  {q.  v.)  Is  formed  upon  the  analogy  of  those. 
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the  compounds  of  chlorine  with  hydrogen,  potassium  and  silver,  respectirely,  are 
called  hydrie  chloride  or  chloride  of  hydrogen,  potassic  chloride  or 
chloride  of  potassium,  and  argentic  chloride  or  chloride  of  silver.  When 
the  relatiTe  electro-chemical  characters  of  the  constituents  of  a  binaiy-compound  are 
wen  marked,  the  most  electro-nepative  of  the  two  is  always  taken  as  the  one  which 
ahall  ampply  the  generic  name,  while  the  specific  designation  is  derived  from  the  more 
electio-positive  constituent,  as  in  the  foregoing  examples.  When  there  is  no  very  dis- 
tinct  difference  in  the  positions  of  the  two  constituents  in  the  electro-chemical  series, 
the  generic  or  specific  name  may  be  formed  from  either  of  them  indifferently :  thus,  we 
may  aay  either  carbide  of  hydrogen  or  hydride  of  carbon. 

If  the  same  two  elements  combine  in  more  than  one  proportion,  the  compound  into 
which  they  enter  in  the  ratio  directly  indicated  by  their  respective  combining  capacities 
(Ci.AssinoATioK,  i  1011)  is  generally  named  in  accordance  with  the  above  rules ;  the 
modes  of  distinguishing  compounds  in  other  proportions  will  be  seen  by  the  following 
examples : — 

H'O        cs  hydrie  oxide,  or  oxide  of  hydrogen, 
HH)'       a  hydrie  dioxide,  or  dioxide  of  hydrogen; 
ChiCP       B  cupric  chloride,  or  chloride  of  copper, 
Cu^Cl'      =  cuprous  chloride,  or  dicupric  chloride,  or  (if  regarded  as 
CuCl  =  — 5 —  [  cupric   hemichloride,  or  hemichloride 

of  copper,  or  subchloride  of  copper; 

CuO  «  cupric  oxide,  or  oxide  of  copper, 

Cu^  »  cuprous  oxide,  or  dicupric  oxide,  &c.; 

FeO  B  ferrous  oxide,  or  protoxide  of  iron, 

Fe'O'  a  ferric  oxide,  or  sesquioxide  of  iron; 

MnO  »  manganous  oxide^  or  protoxide  of  manganese, 

MnK)'  a  manganic  oxide,  or  sesquioxide  of  manganese, 

MnH>*  a  manganoso-manganic  oxide, 

MnO'      «  manganic  dioxide,  or  dioxide  of  manganese,  or  manganic 
peroxide,  or  peroxide  of  manganese. 

It  will  be  seen  that  in  the  case  of  iron  and  manganese,  the  simple  names  ferric  oxide 
and  manganic  oxide  are  not  given  to  compounds  whose  composition  bears  the  most 
direct  reL&tion  to  the  atomicity  of  these  metals,  and  many  other  instances  of  the  same 
kind  might  be  adduced.  The  reason  of  this  is  that  the  nomenclature  of  these  com- 
pounds was  fixed  long  before  the  rules  of  atomicity  had  been  discovered ;  the  terms 
ferrous  and  ferric,  manganous  and  manganic,  and  the  like,  having  been  employed  at 
first  merely  to  denote  two  distinct  series  of  compounds  formed  by  the  same  elements  in 
different  proportions,  but  without  any  reference  to  the  absolute  proportion  of  the  elements 
in  the  compounds  of  either  series. 

The  nomenclature  of  chemistiy  still  bears  traces  of  the  time  when  the  combinations 
of  oxygen  were  considered  as  altogether  transcending  in  importance  those  of  any  other 
element  Accordingly  the  terms  protoxide  and  sesquioxide  having  been  introduced  to 
denote  oxides  whose  atomic  composition  was  expressed  by  the  ratios  1  :  1  and  2  :  8 
respectively,  the  analogous  terms  protochloride  and  sesquichloride  are  applied  to  the 
corresponding  chlorine-compounds,  although  in  their  case  the  above  ratios  become  1 :  2 
and  2  :  6,  e.ff.  FeCl'  «  protochloride  of  iron,  Fe-Cl*  =  sesquichloride  of 
iron.  Sometimes,  however,  the  term  protoxide  is  used  tu  denote  thejirst,  or  lowest, 
oxide  of  a  metal  whatever  its  atomic  composition  may  be ;  thus,  for  instance,  cuprous 
oxide,  CuK),  is  sometimes  called  protoxide  of  copper,  especially  in  the  writings  of 
French  chemists,  and  the  other  componnds  of  the  metal  receive  corresponding  names ; 
e^.  cupric  oxide,  CuO,  becomes  deutoxide  of*  copper.  Such  names  as  these  are  not 
however  to  be  recommended,  since  the  discovery  of  a  new  oxide  of  any  metal  might  at 
any  time  throw  the  nomenclature  of  its  compounds  into  confusion. 

Formeriy  a  distinction  was  made,  at  least  by  some  chemists,  between  the  Ghreek  and 
Latin  numerals  when  used  as  prefixes,  the  former  being  employed  to  denote  sub-mul- 
tiples and  the  latter  multiples  of  the  quantity  of  the  electronegative  element  contained 
in  the  compound  whose  atomic  ratio  was  1 :  1.  Thus,  cuprous  oxide,  Cu*0,  was  called 
dioxide  of  copper,  and  manganic  peroxide,  Mn0^  was  called  binoxide  of  manaantse. 
Such  prefixes,  whether  derived  from  the  Greek  or  Latin,  are  employed  in  this  work 
only  in  the  sense  of  multiples  of  those  constituents  to  whose  names  they  are  attached, 
thus,  bydric  dioxide,  H'O',  is  an  oxide  containing  twice  as  much  oxygen  as  hydrie 
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oxide,  HK) ;  but  dicnpric  oxide,  Cu*0,  is  an  oxide  oontaining  twiee  as  nrneh  oojrmt  as 
cupric  oxide,  OuO.  Terms  derived  from  either  language  may  sometimes  be  usedindia- 
criminately,  bat  in  general  the  preference  is  given  to  the  Greek  prefixes  di',  tri-,  tetr-,  &c. 

The  restriction  of  the  terms  suboxide  and  peroxide  to  oxides  whose  composition 
did  not  correspond  to  that  of  a  series  of  salts  has  now  become  nearly  obsolete. 

Those  oxides,  which  by  reacting  with  the  basylons  oxides  are  capable  of  prodndng 
salts,  are  commonly  called  anhydrides  {quasi  anhydrous  acids): — for  instance,  SO' 
B  sulphurous  anhydride^  SO'  =s  suJphuric  anhydride^  Cl'O  «>  hypochlorous  anhydride^ 
Cl'O*  «  chlorous  anhydride,  Cl'O*  =  chloric  anhydride^  Cl'O'  «»  perchloric  anhydride^ 
&c.;  and  Grrhardt  proposed  to  extend  the  same  principle  of  nomenclature  to  the 
corresponding  compounos  of  other  elements :  thus  he  called  P'O'  phosphoric  anhydride, 
and  P'S*  and  FCl*  phosphoric  stdphanhydride  and  phosphoric  cmoranhydride  respec- 
tively. Such  names  as  these  last  have  not  been  extensively  adopted,  and  it  would 
probably  be  a  greater  advantage  to  get  rid  of  the  term  .anhydride  altogether  than  to 
generalise  its  use  in  this  way.  The  longest  series  of  oxides  may  be  easily  named  in  the 
manner  indicated  above  (p.  123)  without  employing  the  word  anhydride  at  all :  as  Cl'O, 
chloric  oxide ;  Cl'O',  chloric  dioxide;  Cl'O*,  chlonc  trioxide ;  Cl'O*,  chloric  tetroxide; 
Cl'O*,  chloric  pentoxide,  *c  Names  like  perchlorio  oxide  for  Cl'O*  and  pemiiric  oxide 
for  N'O*  are  improper ;  if  the  prefix  per-  is  preferred  to  the  more  definite  numerical  pre- 
fix tctr-,  the  compounds  should  be  called  chloric  peroxide  and  nitric  peroxide  respec- 
tively ;  and  so  for  other  similar  bodies. 

As  well  as  the  strictly  systematic  names  which  we  have  hitherto  been  discussing, 
many  binaiy  compounds  possess  other  names  which  must  be  regarded  as,  to  some  ex- 
tent; exceptions  to  the  general  rules  of  nomenclature.  This  is  the  case  particularly 
with  the  compounds  of  hydroeen :  thus  hydric  fluoride,  chloride,  bromide,  iodide,  and 
sulphide  are  also  called  hy(&ofluoric  acid,  hydrochloric  acid,  hydrobromic  add, 
hydriodic  acid,  and  sulphydric  acid  respectively.  Names  such  as  water  and  ammonia, 
which  have  no  reference  to  chemical  composition,  we  have  not  now  to  consider. 

As  has  been  pointed  out  in  previous  articles  (Culssiftcation,  i.  1015 ;  £QunrAi.EziTa, 
ii.  492 ;  Formula,  ii.  696),  the  simplest  compounds  are  those  in  which  the  combining 
capacities  of  the  elements  are  generally  most  distinctly  manifested,  and  consequently 
such  compounds  serve  as  standards  of  comparison  or  types  for  others  of  much  more 
complex  composition.  In  a  rational  nomenclature,  therefore,  the  name  of  each  com- 
pound would,  like  its  rational  formula,  express  the  relation  in  which  it  stands  to  some 
particular  standard  or  typical  compound.  Accordingly,  when  the  nomenclature  of  the  pri- 
mazy  types  chloride,  oxide,  nitride,  &c ,  is  given,  the  nomenclature  of  all  their  immediate 
derivatives  is  easily  obtained.  The  examples  already  given  will  sufilce  to  illustrate 
this  in  the  simplest  cases ;  the  polyatomic  elements  however  frequently  form  compounds 
referable  to  multiple  or  mixed  types,  the  nomenclature  of  which  requires  a  little  further 
explanation.  It  will  be  sufficient  however  to  give  the  names  of  the  most  important 
multiple  and  mixed  types,  with  a  few .  examples  of  the  nomenclature  of  individual 
compounds. 

The  names  of  the  multiple  types  are  formed  from  those  of  the  simple  types  by  pre- 
fixing the  syllables  di-,  trt-,  tetr^,  &c. :  thus,  the  simple  types  chloride  HCl,  oxide 
H'O,  and  nitride  (or  amide)  H'N,  give  the  multiple  types  dichloride  H*C1',  tri- 
chloride H'Cl',  &c.,  dioxide  H*0',  trioxide  H*0',  &c.,  dinitride  (or  diamide) 
H'N^  trinitride  (or  triamide)  H'N',  &c.  No  very  fixed  system  has  yet  been  adopted 
for  the  nomencluture  of  the  mixed  types,  but  they  may  be  very  simply  named  and 

HCl ) 
with  scarcely  any  departure   from  established  usage,  as  follows:   -n-o  [  ^  chloro- 

H'Cl')  .         HCl    1 

bromide,     -ctjj,  >  ■=  dichloro-bromide,  j^j^-s /- "*  cl^loro-dibromide,  &c  ; 

V  «  oxi-chloride,  jTjQ   |=    oxi-dichloride^   ^l;^,! -»  dioxi-chloride, 

'Cl'J      *   .      .   J.   ui      'A     *,     HCl)        ,,  .^  .,     H'Cl')      J.  VI 

•Q»  (  =*  trioxi-dichloride,  &c. ;2wf  —  chloro-nitnde,  ^tjr  J«  dichloro- 

nitride,  -Qt^k  =»  chloro-dinitride,  &c.;  g»jj{  —  oxi-nitride,  ggy  >  =  dioxi- 

H'O  ?  ^^  1 

nitride,   Tifvaf  ~  o^i'dinitride,  &c.;    H'O  >aoxi-chloro-nitride,&c   The 

^  ^  >  H'N  J 

name  hydoranUde  or  hydoramine  has  been  suggested  by  Kekal6  for  the  mixed  type 

-mxt  \  I  uid  has  been  employed  in  several  places  in  this  work. 

From  the  names  of  types,  the  names  of  particular  compounds  are  obtained  by 
prefixing  to  them  adjectives  which  express  the  nature  of  the  element  by  which 
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the  hyorogen  of  the  type  is  replaced  and  the  nnmber  of  atoms  of  it  contained 
in  one  molecule  of  the  compound.  Examples:  PtCl'  =  platinic  dichlo- 
ride,  '  PbH)*    »  diplumbic    triozide,    PVO*    «  triplumbic    tetroxide, 

-n,  (O*  »  diplumbo-dihydric  trioxide,  -os  [O^     =    triplumbo-dihydrie 

tetroxide^BIJQ   a  bismuthic  oxi-chloride,  Fh*<Q    =  diplumbicoxi-di- 

\  CI*  { CI* 

chloride, Pb^JQ,  «  triplumbic   dioxi-dichloride,  Hg*  Jq,  a  trimercuric 

dioxi-dichloride,      -^si  ^  mercuro  (or  hydargjro-)  dihydric  chloro-ni 

tride,      h«N*C  *"  *^*'^*''^^'curo-tetrahydric    trioxi-dinitride,    ^4 

■■  tetramercuro-tetrahydric  dioxi-dichloro-dinitride. 

When  we  are  able  to  assume  that  the  combining  capacity  of  an  element  is 
known,  there  is  no  need  to  express  this  in  the  names  of  its  compounds,  and  in  that 
case  name«  formed  as  above  often  admit  of  considerable  simplification.  Thus  it  is 
lufficient  to  call  BaCP  bardic  chloride,  instead  of  barytic  dichloride ;  BaH'O*  baryto- 
ktfdrie  oxide^  instead  of  bary to-dihydric  dioxide ;  BiCl*  bismtUhic  chloride,  instead  of 
bismuthic  trichloride,  &e.  A  further  simplification  of  many  of  the  above  names  is 
effected  by  using  the  term  hydrate  for  derivatives  of  the  type  H*0  and  its  multi- 
ples in  which  the  hydrogen  is  only  partially  replaced  by  other  elements,  and  the  term 
amine  or  amide  for  compounds  derived  by  similar  partial  replacement  ^m  the 
type  H'N  and  its  multiples.  For  instance  KHO  mav  be  called  potasHo  hydrate  in- 
stead of  potassio-hydric  oxide  ;  BaH^O*  may  be  called  bary tic  hydrate  inat&eAoihsrjiO' 
hydric  oxide  or  baryto-dihydric  dioxide ;  BiH*0'  may  be  called  bismuthic  hydrate 
instead  of  bismutho-trihydric  trioxide ;  Fe*HH)*  may  be  called  ferric  hydrate  instead 
of  diferrico-hexhydric  hexoxide,  &c.  Similarly,  KH^  may  be  called  potasaamine, 
instead  of  potassio-dihydric  nitride ;  E'HK  may  be  called  dipotasaamine.  Instead  of 
dipotassio-hydric  nitride,  &;&  The  use  of  the  terms  phosphamine,  arsenamine,  and 
stibamine  for  the  respective  compounds  H*P,H'As,  and  li'lSb  is  improper,  inasmuch 
as  the  termination  'Omine  (derived  from  ammonia)  ought  to  be  reserved  for  the  cora- 
poonds  of  nitrogen,  the  characteristic  element  of  ammonia ;  they  moreover  completely 
Tiolate  the  andogy  of  such  names  as  those  last  spoken  of,  for  if  potassamine  and 
meicuramine  are  compounds  derived  from  ammonia  by  the  substitution  of  potassium 
and  meremry  for  hydrogen,  phosphamine,  arsenamine  and  stibamine  ought  to  be  bodies 
similarly  derived  by  the  substitution  of  phosphorus,  arsenic  and  antimony  for 
hydrogen.  H^P,  H'As,  and  H^b  ought  to  be  called  either  hydric  phosphide,  hydric 
arsenide,  and  J^dric  stibide,  or  phospHne,  arsine,  and  stibine. 

The  mles  followed  for  the  nomenclature  of  the  oxygen-salts  are  essentially  the 
■ame  as  for  the  compounds  we  have  been  hitherto  considering;  except  that  instead  of 
the  termination  -mm  we  have  the  terminations  -ate  and  -ite.  When  an  element  forms 
only  one  class  of  salts,  the  name  of  the  class  is  formed  from  that  of  the  element  itself 
by  means  of  the  termination  -aU.  When  an  element  forms  two  classes  of  salts  the 
^neric  name  of  those  which  contain  most  oxygen  is  usually  formed  in  the  manner 
just  described,  and  the  generic  name  of  those  containing  less  oxygen  is  similar  but 
ends  in  -Ue  instead  of  in  -ate.  If  the  same  element  forms  more  than  two  classess  of 
salts,  the  prefixes  hypo-  and  per-  are  employed  as  farther  means  of  distinction,  or 
occasionally  some  special  system  of  nomenclature  is  adopted.  The  following  examples 
will  illustrate  the  application  of  these  rules  to  particular  cases : 

KNO*  M  Potassic  nitrite  or  Kitrite  of  potassium. 

AgNO'  B  Argentic  nitrite  or  Nitrite  of  silver. 

KNO*  a»  Potassic  nitrate  or  Nitrate  of  potassium. 

AgNO*  *  Argentic  nitrate  or  Nitrate  of  silver. 

Ba(NO')'  »  Barytic  nitrate  or  Nitrate  of  barium. 

KQO  ■■  Potassic  hypochlorite  or  Hypochlorite  of  potassium. 

KCIO'  «  Potassic  chlorite  or  Chlorite  of  potassium. 

KCIO*  ■»  Potassic  chlorate  or  Chlorate  of  potassium. 

KCIO^  -  Potassic  perchlorate  or  Perchlorate  of  potaseium. 

K'SK)'  1-  Potassic  hyposulphite  or  Hyposulphite  of  potassium. 

E'SO*  >»  Potassic  sulphite  or  Sulphite  of  potassium. 
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K*S*0*      »  Potassic  hypoeulphate  or  Hyposulphate  of  potass  in  m. 

K*SO^       a  Potassie  sulphate  or  Sulphate  of  potassium. 

Ijq  a  few  cases,  names  formed  in  the  same  manner  as  these  are  given  to  salts  which 
differ  otherwise  than  in  the  mere  proportion  of  oxygen  that  they  contain:  for 
instance — 

KH'PO*  s  Potassie  hypophosphite  or  Hypophosphiteofpotassium. 

K'iLfO'  ■■  Potassie  phosphite  or  Phosphite  of  potassium. 

K*PO^      ac  Potassie  phosphate  or  Phosphate  of  potassium. 

These  three  classes  of  salts  differ,  as  will  be  observed,  in  respect  to  the  quantity  of 
hydrogen  as  well  as  of  oxysen  which  they  contain.  The  explanation  of  the  anomaly 
presented  by  their  nomenclature  is  to  be  sought  for  in  the  nistory  of  the  views  that 
have  been  held  at  various  times  regarding  their  constitution. 

The  nomenclature  of  mixed  salts,  that  is,  of  salts  containing  more  than  one  metal  or 
more  than  one  radicle,  ia  a  little  more  complicated  than  that  of  such  as  precede^  but  it 
will  be  easily  understood  from  a  few  examples :  e,  g. — 

KHSO^  a  Hydro-potassic  sulphate  orSulphate  of  hydrogen  and 

potassium. 

KA.1(S0^)*  =s  Alumino-potassic  sulphate,  or  Sulphateof  aluminium 

an  d  potassium.  (In  the  name  of  this  salt  it  is  not  needful 
to  specify  that  it  contains  tuyice  the  group  S0\  this  being  already 
implied  when  it  is  stated  that  each  molecule  contains  an  atom 
of  potassium  and  an  atom  of  aluminium,  the  sum  of  whose  atomi- 
cities is  four  «  twice  the  atomicity  of  the  group  S0\  A  similar 
remark  applies  in  a  great  many  other  cases.) 

A1'(S0*)0*  =  Aluminic  sulphato-dioxide.* 

Fe«(SO*)«0  -  Ferric  disulphato-oxide.* 

PbH(NO?)0  =  Hvdro-plumbic       nitrato-oxide,*      or     Plumbic 

hydrato- nitrate. 

BiH*(NO»)0«         «  Dihydro-bismuthic    nitrato-dioxide.* 

Ba(C*H'0')(NO*)  s=  Barytic  acetato-nitrate  or  nitrato-acetate. 

Pb(C«H»0*)a       -  Plumbic  acetato-chloride.* 

The  systematic  names  of  the  hvdrogen-salts  are  of  course  similar  to  those  of  the 
corresponding  salts  of  other  metals ;  these  names,  however,  are  not  veiy  commonly 
used :  it  is  more  usual  to  speak  of  the  hydrogen-salts  as  acids.  Thus,  for  example, 
HNO'  is  more  frequently  (»lled  nitric  acid  than  hydric  nitrate,  H^O*  more 
frequently  sulphuric  acid  than  hydric  sulphate,  &c.  With  regard  to  the 
nomenclature  of  the  acids,  the  following  rules  are  observed :  if  the  systematic  name  of 
a  hydrogen-salt  is  hydric  — ate,  its  common  name  is  — ic  acid  ;  and  if  its  systematic 
name  is  hydric  — ite^  its  common  name  is  — out  acid :  examples — 

Systematic  names.  Common  names. 

Hydric  hypochlorite.  Hypochlorous  add. 

Hydric  chlorite.  Chlorous  acid. 

Hydric  chlorate.  Chloric  acid. 

Hydric  perchlorate.  Perchloric  acid. 

Similarly,  mixed  salts  of  hydrogen  and  any  other  metal  are  frequently  called  acid 
salts:  e.  g.^  hydro-potassic  sulphate,  KHSO*,  is  often  called  acid  sulphate  of 
potassium;  and  dihydro-potassic  phosphate,  KH*PO\ is oft^^n  callcddiacid 
phosphate  of  potassium.  On  the  other  hand,  mixed  salts  formed  by  the  union  of 
the  type  oxide  with  the  type  of  any  simple  salt,  whether  containing  hydroj^n  or  not, 
are  often  called  batsic  salta^  e.  g.^  plumbic  dioxi-dinitrate,  Pb*(NO*)W,  and 
plombic  hydrato-nitrate  are  each  of  them  called  basic  nitrate  of  lead;  in  like 
manner,  ferric  oxi-disulphate,  Fe'0(SO*)*,  and  ferric  dioxi-sulphate,  Fe'O^SO*) 
are  called  basic  ferric  sulphates,  or  basic  sulphates  of  iron.  Such  names  as 
these  are  often  convenient  when  speaking  of  certain  well-known  compounds,  but  for 
scientific  purposes  they  are  better  avoided. 

When  a  metal  forms  two  series  of  oxygen-salts  of  the  same  generic  name,  the  salts 
of  the  two  series  are  distinguished  in  the  same  manner  as  the  various  oxides,  chlorides, 
&c.,  of  the  metal.  Thus  we  speak  of  mercurous  nitrate  and  mercurous  sul- 
phate,  mercuric   nitrate  and  mercuric   sulphate;   ferrous   sulphate  or 

*  strictly  speaking,  tlie  names  of  tfciese  salts  would  be  equally  correct  if  Inrerted  thus :  ahuninic 
'  Mate^  Serric  oxudfsulpkaiet  Iwdro-plumbit 
might  arise  from  tlie  use  of  names  such 
ert^n  organic  salis  would  very  closely  rei 
oxi-bmxoatf  or  diori-benxoate  would  be  rerv  h\ 
dioryhcrnoatf,  a  chloro- acetate  with  a  chloracOate^  &c.  &c. 


dioxi-%ulpkate\  Jerric  oxudfsulpkaiet  J^dro-plttmbic  oxi-m'trate^  piumbic  cUoro-acetatet  ftc. ;  but  In- 

Ise  from  the  use  oinames  such 

■einble  the  names  of  totally  distinctcompounds:  I 
institnce,  an  oxi-bmxoatf  or  diori-benxoate  would  be  rerv  apt  to  be  conrounded  with  an  oxjfbewtoate  or 


convenience  might  arise  from  the  use  of  names  such  as  these,  inasmuch  as  the  corresponding  terms  in 
the  case  ofcert^n  organic  salis  would  very  closely  resemble  the  names  of  totally  distinctcompounds:  For 
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protoatilpliate  of  iron  and  ferric  snlphate  or  sesquisnlphate  of  iron; 
&c.  &c. 

Oxygen-salts  being  in  reality  merely  a  particular  class  of  oxides,  there  are  of  course 
corresponding  chlorides,  nitrides,  &c.,  of  the  same  radicles.  The  nomenclature  of  these 
compounds  has  never  hitherto  assumed  a  veiy  fixed  or  systematic  form,  radicles  sup- 
posed to  be  contained  in  the  yarious  classes  of  salts  having  been  named,  one  by  one, 
according  to  no  general  system,  by  the  investigators  of  the  compounds  of  each.  Thus 
the  radide  FO  supposed  to  be  contained  in  the  phosphates  is  called  phosphoryl ;  but 
the  radicles  of  the  phosphites  and  hypophosphites  have  no  recognised  names ;  the 
nidicle  SO'  of  the  sulphates  is  called  aidpkuryl ;  and  the  radicle  SO  of  the  sulphites 
is  called  ihUmyl ;  again,  the  radicle  NO*  ef  the  nitrates  is  called  nitryl,  and  the  radicle 
NO  (monatomic)  of  the  nitnte«  is  caUed  nitrosyl  or  azotyl.  From  these  examples  it 
will  be  seen  that  there  is  no  certain  rule  by  which  the  name  of  a  class  of  salts  being 
given,  that  of  the  radicle,  supposed  upon  the  theory  of  types  to  be  contained  in  them, 
can  be  deduced.  In  these  circumstances  we  may  venture  to  suggest  the  following 
rule  as  applicable  to  such  cases :  to  form  the  name  of  the  radicle  of  any  class  of  salts, 
sithstitute  the  termination  -ylfar  the  final  e  in  the  generic  name  of  the  salts  in  question. 
According  to  this  rule  we  should  have  such  names  as  the  following : 

Names  of  Salts.  Names  of  Radicles  required  by  typical  formulsr. 

Phosphates.  Phosphatyl. 

Phosphites  Phosphityl. 

Sulphates.  Sulpha  tyl. 

Sulphites.  Sulphityl. 

Nitrates.  Nitratyl. 

Nitrites.  NitrityL 

When  the  termination  -ic  is  added  to  the  name  of  a  radicle  in  order  to  form  the  name 
of  s  compound  containing  it,  the  syllable  yl  may  generally  be  elided :  thus — 

POCl*    ~  Phosphatic  chloride  or  Chloride  of  phosphatyL 

SO'Cl'  »  Sulphatic  chloride  or  Chloride  of  sulphatyl. 

80C1*    s  Sulphitic  chloride  or  Chloride  of  sulphityl. 

■OQ  I  a  Hydro-snlphatic  oxichloride  or  Sulphatic  chloro-hydrate. 

The  nomenclature  of  the  compounds  formed  when  oxygenated  radicles  replace  hy- 
drogen in  the  type  H'N  or  its  multiples,  or  in  the  mixed  type  ^Traxr  [  i  in  regard  to 

which  special  rules  are  followed  to  some  extent,  will  be  found  fully  set  forth  in  the 
articles  Aiac  Acms  (i.  165)  and  Amides  (i.  169). 

Compounds  containing  two  or  more  atoms  of  the  same  polyatomic  radicle  in  one 
molecule,  and  resulting  nom  the  combination  of  two  or  more  molecules  of  the  simpler 
compounds  of  the  radicles,  as  explained  in  the  article  Classification  (i.  1020 — 1022), 
may  be  distinguished  by  prefixing  to  the  names  of  the  simplest  corresponding  com- 
pounds the  syllables  di-,  tri-,  &c :  for  example — 

K^^O'     a  Potassic  disulphate. 

K*Ci*0'  «  Potassic  dichromate. 

Na^P'O'  -B  Tetrasodic  diphosphate  (Pyrophosphate  of  sodium). 

Na'P'O*  ss  Disodic  diphosphate  (Insoluble  metaphosphate). 

Na"P*0*  —  Trisodictriphosphate  (Fleitmann  and  Hennebcrg's  metaphosphate. ) 

The  so-called  sulphur-salts  which  represent  oxygen-salts  wherein  the  oxygen  is  re- 
placed to  a  greater  or  less  extent  by  sulphur,  may  be  named  in  precisely  the  same  way 
as  the  corresponding  oxygen-salts  by  prefixing  sulpho-to  the  names  of  the  latter,  and 
also,  when  needful,  a  numerical  prefix  to  indicate  toe  extent  to  which  the  replacement 
has  proceeded. 

NOMBNCLATUBB  OF  OfiOANIC  BoDIBS. 

Id  oiganic  chemistry  we  have  to  do  with  many  hundreds  of  substances  formed  of  the 
same  three  or  four  elements.  It  would  therefore  be  an  utterly  hopeless  task  to  tiy  to 
frame  for  each  substance  a  name  like  those  of  inorganic  compounds,  which,  if  they  do 
not  directly  express  the  composition  of  the  bodies  to  which  they  are  applied,  have  at 
least  a  definite  relation  thereto.  A  classification  of  organic  bodies  witn  reference  to 
their  composition  alone,  would  be  far  from  affording  an  adequate  expression  of  their 
nature  ana  mutual  relations :  hence  a  systematic  nomenclature  for  them  can  be  founded 
only  CD  a  dasaification  which  takes  cognisance  of  other  characters  in  addition  to  mere 
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oomposition.  Such  a  dassificatioii  must  be  founded,  first  of  all,  upon  the  fact  that 
almost  all  well-investigated  oiganic  compounds  are  found  to  admit  of  being  arranged  in 
groups,  which,  although  they  may  differ  greatly  in  many  important  respects,  ex- 
hibit a  certain  correspondence  in  the  relations  which  their  several  members  bear  to 
each  other.  These  groups  aeain  admit  of  division  and  subdivision  into  smaller  and 
smaller  groups,  the  individual  members  of  which  are  more  and  more  closely  related  to 
each  other,  until  we  come  to  substances  which  are  as  intimately  connected  together  by 
composition  and  properties  as  the  different  salts  containing  the  same  metal  or  the  same 
oxygen-radicle. 

Thus,  the  great  majority  of  organic  compounds  (we  are  of  course  speaking  only  of 
those  which  have  been  sufficienuy  investigated  to  allow  of  a  definite  position  being 
assigned  to  them)  belong  to  one  or  other  of  the  two  great  series — ^the  Fatty  Series,  and 
the  Aromatic  Series.  Each  of  these  series  again  consists  of  a  number  of  groups, 
each  of  which  reflects  more  or  less  completely  the  character  of  all  the  rost.  Ana  each 
group  in  its  turn  consists  of  a  number  of  alcohols  and  acids,  around  which,  as  central 
compounds,  we  have  to  classify  hydrocarbons,  ethers,  salta,  amides,  alkaloids,  and 
numerous  other  derivatives. 

Taking  the  alcohols  as  representing  also  the  corresponding  ethers  and  amines  and 
their  other  immediate  derivatives,  and  the  hydrogen-salts  or  acids  to  stand  for  all  other 
salts  of  the  same  name  with  their  derivatives,  the  leading  terms  of  the  several  groups 
belonging  to  each  homologous  series  may  be  arranged  as  in  the  following  table ;  where, 
for  the  sake  of  deamess,  the  formulae  of  compounds  belonging  to  a  particular  group, 
the  trityUc,  are  eiven  (instead  of  general  formulae  applicable  to  any  sroup  whatever), 
but  in  order  to  ml  up  me  scheme,  such  t«rms  as  are  not  known  in  uas  group  are  re- 
presented by  examples  borrowed  from  other  analogous  groups.* 


Alcohols. 

Acids. 
Monobasic. 

Mon-  1 
atomic.  J 

C«H«0 
Tritylic  alcohol. 

Propionic  acid. 

Pyruvic  add. 

(OHsQ^-meUiticacid). 

Di-    -1 

atomic/ 

Tritylic  glycol 

C«H«0« 
Lactic  add. 

Diiasic, 

C*H*0* 
Malonic  add. 

— -          —      —      - 1 
Mesoxalic  add. 

Tri-    I 
atomic  ) 

Glycerin. 

C»H»0« 
Glyceric  add. 

Tartronic  add. 

T^Hbasic. 

G«H«0« 
(C«H«0*»aoonitic  add. 

Tetr-  "1 
atomic  J 

cm*o* 

(C*H'»0*=ei7- 
thromannite). 

(C'ffO* -gallic 
add). 

(C^H«0«-tap. 
taric  acid). 

(Cm«0'-dtricadd). 

A  table  dmilar  to  the  above  has  already  been  given  in  the  article  Acids  (L  53),  in 
which  place  further  details  will  also  be  found  respecting  the  compounds  represented 
by  the  special  examples  here  given. 

The  homologous  series  to  which  each  such  group  belongs  is  det^^rmined  by  the  ratio 
of  carbon  to  hydrogen  in  its  individual  terms,  and  its  position  in  that  series  by  the 
number  of  atoms  of  carlx)n  which  they  contain ;  while  the  position  in  the  group  of 
the  sev^til  terms  themselves  is  determined  by  their  entire  composition  and  general 
chemical  functions. 

Any  particular  compound  is  accordingly  completely  characterised  when  we  know  to 


*  So  far  at  the  writer  le  aware,  this  mode  or  clauifVIng  organic  substaoces  wai  fint  pabli»h<>d  in  a 
paper  on  the  Nomenclature  of  Organic  Compoandt  which  be  read  before  the  Chemical  Section  of  the 
Brititb  AMOcihtlon,  at  iU  meeting  in  Dublin,  September  I8A7  (see  Brit.  A»«nc.  Rep.,  18ft7,  Notices  and 
AbitracU,  p.  45);  but  before  the  appearance  of  the  paper  referred  to  In  the  printed  form,  a  similar  •ywem 
of  classification  was  suggested  bj  KeltuU  (Ann.  Ch.  Pbarm.  ctL  158.    May,  1858). 
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what  group  it  belongs  and  what  is  its  place  in  that  group.  This  then  is  the  inibr- 
mation  which  it  is  required  that  the  names  of  a  really  systematic  and  rational  nomen- 
dature  should  give  us,  concerning  the  snbstances  to  which  they  are  applied :  and  it 
would  seem  by  no  means  impossible  to  form  names  which  should  completely  satisfy 
these  requirements,  by  making  the  root  of  each  name  denote  the  group,  and  the  ter- 
nthuUion  or  a  second  word  denote  the  function.  Such  a  nomenclature  would  correspond 
precisely  with  the  typical  system  of  rational  formulae ;  for,  aus  has  been  shown  in  other 
artides  (Classification,  L 1022;  Fobmttue,  ii.  700),  these  formulse  express  by  means  of 
radides  the  group  or  genetic  relations  of  the  substances  they  represent,  andf  by  means 
of  t^pes  their  chemicid  functions.  Or,  again,  such  a  nomenclature  would  correspond 
with  the  binomial  nomenclature  of  the  natural-histoiy  sciences,  according  to  which 
each  animal  or  plant  is  distinguished  by  means  of  two  Latin  words,  one  indicating  its 
genus,  the  other  its  species.  An  attempt  at  a  systematic  nomendature  for  organic 
compounds  based  on  these  prindples  is  contained  in  the  paper  referred  to  in  the  last 
foot-note ;  which,  though  not  suffidently  successful  to  make  it  worth  while  to  reproduce 
it  here,  we  allude  to,  because  we  are  convinced  that  it  is  in  this  direction,  if  at  all, 
that  a  rational  nomendature  is  to  be  reached. 

The  existing  nomendature  of  organic  chemistry  fulfils  to  a  considerable  extent^  in  a 
more  or  less  satisiiEM^tOIy  manner,  the  requirements  of  a  rational  nomendature  as  these 
are  indicated  above ;  it  however  stiQ  retains  a  good  many  habits  of  naming,  as  well  as 
individual  names,  inherited  from  the  early  days  of  the  science,  when  it  was  impossible 
to  foresee  either  the  direction  or  the  extent  of  its  subsequent  development,  and  hence 
poflBesses  many  terms  formed  without  much  reference  to  anything  but  the  fimcy  of  in- 
dividual chemists  and  their  taste  in  the  choice  of  euphonious  words.  But  the  greatest 
defects  of  this  nomendature  arise  from  the  want  of  unanimity  among  chemical  discoverers 
and  systematisers  as  to  the  manner  in  which  the  principles,  recognised  more  or  less 
dirtinctly  by  all,  should  be  carried  out.  And  this  want  of  unanimity,  we  cannot  help 
thinking,  is  mainly  due,  not  to  the  intrinsic  difficulty  of  the  subject,  so  much  as  to  the 
too  partial  manner  in  which  it  is  generally  considered — ^reforms  being  often  attempted 
in  particular  departments,  without  suffident  thought  being  given  to  the  effect  which 
they  would  have  if  consistently  extended  to  the  nomenckiture  of  other  parts  of  the 
fldenoe. 

In  describing  the  nomendature  of  organic  chemistiy,  as  it  at  present  exists,  we  shall 
consider  first  the  methods  employed  to  designate  the  several  groups,  and  then  the 
modes  of  indicating  the  various  chemical  functions. 

Nomenclature  of  Groups, — ^By  reference  to  the  example  of  a  chemical  group 

already  given  on  page  128,  it  will  be  seen  that  the  names  of  its  leading  terms  exhibit 

rerj  UtUe  zdation  to  one  another:  we  have  tritylic  alcohol  and  tritylic  glycol, 

glycerin  and  glyceric  add,  malonie  acid  and  tartronic  add,  but  all  the  other  names 

might  have  hem  selected  completely  at  random.    And  on  examining  the  nomendature 

of  any  other  group,  the  state  of  things  would  be  found  very  much  the  same.    The  fact 

is,  that  throughout  every  department  of  organic  chemistiy  the  general  course  of  dis- 

coTcry  has  been  such  that  substances  became  known  and  required  to  be  named  one  by 

one,  long  before  the  relations  of  each  to  the  rest  could  be  ascertained.    Hence,  very 

closely  related  substances  often  bear  names  which  exhibit  no  trace  whatever  of  their 

connexion :  as  alcohol,  ether,  and  acetic  add ;  propionic  acid,  lactie  add,  and  glycerin ; 

succinic  add,  malic  acid,  and  tartaric  add.    Such  names  as  these  it  would  be  very 

difficult  to  get  rid  of,  and  when  they  are  (as  in  these  examples)  convenient  in  them- 

aelyee  and  universally  adopted,  there  is  no  reason  for  wishing  to  do  so.    In  fact,  it  often 

bi^ypens  that  such  names  are  practically  better  than  those  which  at  first  sight  appear 

more  systematic    For  instance,  nothing  could  seem  more  natural  than  to  cedl  the  add 

CfBH)*  resulting  from  the  oxidation  of  glycerin,  C'H'CH,  glyceric  acid,  a  name  which 

at  once  recalls  its  connexion  with  the  substance  from  which  it  is  derived^    But 

according  to  the  established  usage  of  organic  chemistiy,  the  radide  of  this  add,  C*il*0, 

CH*0^ 
corresponding  to  its  typical  formula     m    [  O*,  would  be  called  glyceryl,  a  name  which 

already  belongs  to  C*H^  the  radide  of  glycerin.  We  might  thus  have  the  two  com- 
pounds CH^'  and  C'H'OCl'  both  of  them  denoted  by  the  name,  chloride  of  glyceiyl, 
or  glyceiylic  chloride,  a  confusion  which  could  not  have  arisen  had  there  been  less 
similarity  in  the  names  of  the  primary  compounds.  Indeed  it  is  by  no  means  de- 
sirable to  introduce  much  more  r^pdarity  thain  at  present  exists  into  the  nomenclature 
of  the  prindpal  members  of  each  group,  unless  some  effectual  system  of  differentiating 
each  member  and  its  derivatives,  equivalent  to  what  was  attempted  in  the  paper  already 
referred  to,  is  adopted  at  the  same  time. 

Of  late  yean  methods  of  naming,  possessing  a  certain  degree  of  generality,  have  come 
into  partial  use,  for  some  corresponding  terms  of  different  groups.  Thus,  the  monatomic 
abohola  and  one  or  two  of  their  most  immediate  derivatives,  in  most  of  the  groups  of 

Yql.  IV.  K 
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the  first  homologpufl  series,  have  names  whose  root  is  formed  by  a  Greek  numeral: 
as  tritylic,  tetiyuc,  hexylic,  heptylic,  &c.  alcohols ;  tritylene,  tetirlene,  hei^lene, 
heptylene,  &c.  Another  expedient  which  has  been  a  good  deal  employed  to  indicate 
the  existence  of  a  genetic  connexion  between  different  bodies,  but  without  defining  its 
nature,  consists  in  making  the  name  of  one  body  out  of  an  anagram  of  that  of  ano(£er : 
as  meconic  and  comenic,  aconitic  and  itaconic,  narcotine  and  cotfumine,  lep(idine)  and 
pel(amine),  pelarg(onic)  and  lep2Ug(Ylic),  salyUc  and  lasylic,  &c 

The  system  so  much  followed  in  tne  nomenclature  of  other  sciences,  of  giving  names 
in  honour  of  discoverers  or  other  eminent  men,  has  not  been  much  employed  in 
chemistry,  and  we  do  not  think  that  this  forms  any  ground  for  regret.  Among  oi^ganic 
compounds,  dumasin  is  almost  the  only  one  which  bears  a  name  of  this  kind :  maclurin^ 
which  has  the  appearance  of  being  another  name  of  the  same  dass,  is  one  for  which  no 
chemist  is  responsible  so  much  as  the  botanist  who  called  fustic  Madura  tinctoria. 
Such  names  again  as  herapaihite  and  wdtzienite  have  generally  originated,  not  with 
chemists,  but  with  cnrstallographers,  who  have  given  them  in  accordance  with  their 
mineralogical  habitudes. 

One  rule  which  chemists  would  do  well  to  attend  to  in  their  choice  of  names,  is  to 
avoid  such  as  suggest  a  connexion  that  does  not  exist:  such  as  metamorphine, 
pseudomoxphine,  hypognic  acid,  the  last  of  which  (from  Arachis  hj/pogaa)  seems  to 
imply  the  existence  of  a  more  highly  oxygenated  *'  gseic  "  acid. 

Nomenclature  of  Functions. — The  chemical  functions  of  organic  substances  are 
generally  denoted  either  by  using  in  a  generalised  sense  the  proper  names  of  the  sub- 
stances in  which  the  several  functions  were  first  distinctly  recognised,  as  methylic 
alcohol,  butyric  aldehyde,  valeric  acetone,  amylic  glycol,  &c ;  or  by 
systematic  names  formed  on  the  analogy  of  the  nomenclature  of  mineral  chemistry,  as 
methylic  hydrate  or  hydrate  of  methyl,  methylic  chloride  or  chloride 
of  methyl,  methylic  acetate  or  acetate  of  methyl,  &c;  or  lastly,  by  means 
of  terminations,  as  met  hoi  for  methylic  alcohol,  butyral  for  butyric  aldehyde, 
valerone  for  valeric  acetone,  ox alur ethane  for  oxalic  urethane,  lactamethane 
for  lactic  urethane  or  carbamethane,  ethylene,  amylene,  &c:  this  last  method 
may  for  the  most  part  be  regarded  as  a  contracted  form  of  the  first. 

We  will  briefly  discuss  the  names  in  actual  use  for  compounds  representing  the  leading 
terms  of  a  chemical  group  as  above  defined,  and  for  their  principal  derivatives,  endea- 
vouring to  point  out  those  which  it  is  most  advisable  to  employ. 

Alcohols.  1.  Monatomic, — ^These  are  either  named  alcohols  or  hydrates,  with 
another  word  added  to  distinguish  the  group  to  which  they  belong,  this  word  in  almost 
all  cases  ending  in  -yliCj  as  methylic  alcohol,  methylic  hydrate,  or  hydrate  of  methyl ; 
benzylic  alcohol,  benzylie  hydrate,  or  hydrate  of  benzyl.  The  termination  -«/,  to  in- 
dicate the  alcoholic  fimction,  is  more  emploved  by  French  than  by  English  chemists. 
The  nomenclature  of  dmvatives  of  the  aleohois  will  be  most  clearly  and  concisely 
explained  by  special  examples,  thus : 

Namet, 
«  Ethylic  hydrate,  &c  (as  above). 
(=  alcohol  -  HO)  =  Ethyl. 
(«  alcohol  -  H«0)  =  Ethylene. 
=  Ethylic  ether,  or  ethylic  oxide. 
«  Ethylic  chloride,  or  chloride  of  ethyL 
s  Ethylic  acetate,  or  acetate  of  ethyl, 
aa  Hydro-ethylic  sulphate,  or  sulpliate  of  ethyl 
and  hydrogen ;  also  called  ethyl-sulphuric 
acid,  or  sulphethylic  acid. 
«  Ethylic  sulphate,  or  sulphate  of  ethyl. 
«  Ethylamine,  or  dihydro-ethylic  nitride. 
=  Diethylamine,  or  hydro-diethylic  nitride. 
B  Triethylamine,  or  triethylic  nitride. 
=  Triethylphosphine,  or  triethylic  phosphide. 
«  Zinc  ethylo-iodide,  or  ethylo-iodide  of  zinc 
=  Zinc  ethylide,  ethylide  of  zinc,  or  zinc-ethyL 
«a  Mercuric  ethylide,   ethylide  of  mercury,  or 
meieury-ethyL 

(Such  names  as  hydrochloric  ether,  acetic  ether,  &c.,  are  not  given  above,  becaose 
though  used  for  the  ethers  of  this  group,  they  have  no  analogues  in  other  case&) 

Of  the  various  names  above  given  for  single  compounds,  we  believe  that  those  whidi 
stand  first  in  order — ^that  is,  names  of  the  form  ethylic  hydrate,  ethylic  oxide,  ethylic 
acetate,  &c,  in  general  deserve  the  preference.  Names  formed  by  the  generalisation  of 
special  names  are  convenient  enough  sometimes,  but  this  method  of  nomendaturo  is 


Fuu^ton. 

Formula. 

Alcohol 

C'^H'O 

Badide 

C«H» 

Hydrocarbon 

CPW 

Ether 

C*H"0 

Compound  ethers 

C'H»C1 

C»H'»(Cr»H«0») 

(C«H»)HRO« 

(C«H»)»SO* 

Alkaloids    . 

(C«H»)H«N 

(C?n»)«HN 

(C«H*)«N 

(C«H»)«P 
C*H*ZfiI 

Metallic  derivalives. 

(C«H»)«Zn 

(C«H*)«Hg 
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not  well  adapted  fbr  i^pHeation  in  all  cases,  the  names  which  it  leads  to  being  often 
dinnay  in  themselres  and  giving  rise  to  still  dumsier  deriyatiTes  and  compound  names. 
On  the  other  hand,  snch  names  as  hydrate  of  ethyl,  oxids  of  ethyl,  chloride  of  ethyl,  &e,, 
seem  to  belong  too  ezclosively  to  one  view  of  the  constitution  of  the  bodies  they 
denote ;  whereas  names  such  as  those  to  which  we  have  given  the  preference  (ethylic 
hydrate,  &c.^  while  quite  in  accordance  with  this  view,  may  still  be  used  inde- 
pendently of  it.  They  would  remain  equally  applicable  and  would  be  equally  intelli- 
gible, though  chemists  should  cease  to  recognise  the  existence  of  ethyl  or  similar 
radides  as  proximate  constituents  of  the  alcohols,  for  they  do  not  of  necessity  imply 
anytlung  more  than  that  the  compounds  CH'O,  C*H**0,  C*H*C1,  &&,  belong  to  the 
ethylic  group,  and  that  they  bear  to  each  other  the  same  mutual  relations  that  the 
compounds  KHO,  KK),  KCl,  &c,  do  in  the  potassic  group. 

In  the  nomenclature  of  the  so-called  acid  ethers,  such  as  (G*H*)HSO\  &c.,  it  would 
be  well  to  let  the  name  of  the  alcoholic  constituent  always  precede  that  of  the  acid, — 
that  is,  to  say  ethyl-sulphuric  add,  ethyl-sulphate,  &&,  and  not  sulphethylic  add, 
solphethYlatey  &c.  For  not  only  is  tiie  saline  cnaracter  of  such  compounds  not  due  to 
the  alcohol  portion  of  their  constituents,  as  seems  to  be  implied  if  this  is  named  last 
and  so  receives  the  saline  termination,  but  confusion  may  actually  arise  from  the  use  of 
ttUpho-  as  a  prefix  in  this  sense  and  also  to  denote  replacement  of  oxygen  by  sulphur 
(in  such  names  as  sttlphocarboviate,  for  instance). 

Compounds  bdonging  to  more  than  one  alcoholic  group  are  easily  named  in  accor- 
dance with  the  examples  given  above,  by  following  the  analogy  of  the  nomenclature 
of  the  mixed  compounds  of  mineral  chemistry.    For  instance : 

(CH»XC^*)0  =  Methyl-ethyUc  oxide. 

(C«H*XC»a")SO*         -  Ethyl-amylic  sulphate. 
(CH»XC«H»)rC»H")N  =  Methyl-ethjyl-amylamine. 
Similarly  K(G*H*)0  is  Fotassio-ethyUc  oxide. 

Bat  just  as  the  name  potassio-hydric  oxide  may  be  abbreviated  into  potassic  hydrate, 
so  the  names  of  many  corresponding  organic  compounds  may  be  abbreviated:  as 
methyl-ethylic  oxide  into  methylic  ethylate,  potasdo-ethylic  oxide  into  potassic 
ethylate,  &c. 

2.  DiaUmie  alcohols, — ^The  first  discovered  of  these  compounds,  CH^O-,  was  called 
"  glycol,"  from  the  first  syllable  of  glycerin  and  the  last  of  alcohol,  to  recall  the  fact  of 
its  being  chemically  intermediate  between  these  two  bodies,  and  this  name  has  since 
been  employed  as  a  general  term  for  all  compounds  of  this  class.  A  more  systematic 
name  than  glycol  would  have  been  ethyl  em  c  hydrate,  or  hydrate  of  ethylene, 
and  names  of  this  form  are  the  most  suitable  for  general  application :  astritylenic 
hydrate,  or  hydrate  of  tritylene,  amylenic  hydrate  or  hydrate  of 
amylene. 

Those  derivatives  of  the  diatomic  alcohols  which  correspond  to  derivatives  of  the 
monatomie  alcohols,  arc  named  in  the  same  way  as  the  latter,  the  only  difference  being 
that  the  adjectival  portion  of  the  name  ends  in  "ylenie  instead  of  in  -ylic,  or  when  the 
Adjective  is  replaced  l>y  a  substantive  preceded  by  of,  this  substantive  ends  in  -ylene 
instead  of  in  -yl :  as 

CH'O  iB  Ethylenic  oxide,  or  oxide  of  ethylene. 

0^*C1*  ■■  Ethylenic  chloride,  or  chloride  of  ethylene. 

C*HX(?HK)')*  =  Ethylenic  acetate,  or  acetate  of  ethylene. 

((7H^)H<N*  -  Ethylenediamine. 

(OH^j'H^N'  s  Diethylenediamine. 

Derivatives  which  have  no  predse  analogues  among  those  of  the  monatomie  alcohols 
are  easQy  named  upon  the  uialogy  of  corresponding  mineral  compounds :  bb-- 

(C*H«)K>«  «  Diethvlenic  dioxide, 

(C*H*)'HH)*        a  Dihydro-diethylenio  oxide  (also  called  diethylenio  alcohol). 

HO  I  **  Ethylenic  hydrato-chloride  (monochlorhydrin  of  glycol). 

(rnm^a  (  0*  —  Ethylenic  hydrato-acetate  (monacetin  of  glycol). 
«^W)?0  \  ""   Ethylenic  acetato-diloride  (acetoohlorhydrin  of  glycol). 

The  names  enclosed  in  parentheses  (monochlorhydrin  of  glycol,  &c.)  are  borrowed 
from  the  nomendature  of  the  derivatives  of  glycerin ;  this  system  applied  to  other 
diatomic  alcohols,  gives  rise  to  names  even  more  cumbrous  than  these :  as,  monochlor- 
hydrin of  tritylic  glycol. 

3.  Triaiomie  alcohols.— The  only  triatomic  alcohol  known  with  any  certainty  is 

K  2 
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riyeerin,  the  nomendatiue  of  whose  deriTatires  follows  for  the  most  part  special  roles. 
The  compound  ethers  of  glycerin  are  denoted  by  names  formed  from  those  of  the  acids 
by  means  of  the  termination  -in  and  a  numerical  prefix  when  needfdl:  as— >■ 

Monostearin.  Chlorhydrin. 

Bistearin.  Dichlorhydrin. 

Tristearin.  Benzochlorhydrin« 

Tributyrin.  Aceto-dichlorhydrin. 

Glycerin  yields  also  another  set  of  derivatiyes,  bearing  the  same  relation  to  these 
normal  compounds  that  the  monobasic  metaphosphates  do  to  the  ordinary  phosphates : 
that  is  to  say,  each  of  them  differs  by  the  elements  of  a  molecule  of  water  from  a  normal 
glycerin-compound.    The  nomenclature  of  these  is  as  follows — 

C«H«0«  =  C«H«0«  -  H«0  =  Glydde. 

C»H»0C1  »  CH^OKJl         -  HK)  «  Chlorhydroglydde  (epichloriiydrin). 

C«H»(C«H»)0*  «  C»H'(C«H*)0«  -  H«0  -  Ethylglydde. 

It  will  be  seen  that  the  nomenclature  of  glycerin  and  its  derivatiyes  is  not  such  as 
to  admit  of  very  ready  extension  to  other  similar  compounds ;  names  for  these  might, 
however,  be  easily  formed  by  following  the  analogy  of  the  nomenclature  for  inorganic 
salts  already  explained. 

The  deriyatives  of  other  polyatomic  alcohols  that  have  been  hitherto  studied,  belong 
almost  exdusiyely  to  the  class  of  compound  ethers.  They  are  named  by  combining 
with  the  name  of  the  alcohol  that  of  the  generating  acid:  as  stearo-glucose, 
butyro-glucose;  diaceto-mannitan,  tetrabutyro-mannitan,  chlor- 
hydro-mannitan. 

For  further  illustrations  of  the  nomenclature  of  the  alcohols  and  their  derivatiyes,  see 
the  articles  Ajlcohols  (l  97)  and  Ethebs  (ii.  508). 

Acids. — ^The  nomenclature  of  all  such  deriyatives  of  the  organic  acids  as  hare 
analogues  among  the  derivatives  of  mineral  acids,  is  precisely  similar  to  the  nomen- 
clature of  the  latter ;  we  may  therefore  consider  it  as  having  oeen  already  suffidently 
discussed. 

It  may  however  be  pointed  out  that^  inasmuch  as  the  name  of  each  class  of  oiganic 
salts  is  in  general  independent  of  that  of  every  other  dass,  the  corresponding  oxygen- 
ated radides  can  be  denoted  bv  shorter  names  than  those  which,  as  we  have  pointed 
out,  are  often  necessary  for  the  inorganic  radicles.  Thus  to  get  the  name  of  the  radicle  of 
an  organic  salt,  we  change  the  termination  '€Ue  (-ite  does  not  occur  unless  quite  ex- 
ceptionally, as  salicylite  of  methyl)  into  -yl,  instead  of  retaining  the  'Ot  of  the  name  of 
the  salt:  for  instance  benzoyl,  instead  of  benzoatyl,  acetyl,*^  instead  of  acetatyl,  &e. 

It  is  still  needful  to  say  a  few  words  upon  the  nomenclature  of  the  so-called  sub- 
stitution-derivatives and  conjugated  derivatives  of  the  organic  adds,  and  what  is  here 
said  may  be  taken  as  also  for  me  most  part  applicable  to  the  corresponding  derivatives 
of  the  alcohols. 

Compounds  formed  by  the  substitution  of  chlorine,  bromine,  &c,  for  hydrogen  axe 
denotea  by  prefixing  chloro-^  dichloro^f  bromo-f  dibromO',  &c.,  to  the  names  of  the 
corresponcQng  normal  compounds ;  and  bodies  in  which  the  groups  NO',  NH?*,  &c, 
replace  hydrogen  are  similarly  named  by  means  of  the  prefixes  nt^ro-,  anUdO',  &e. :  as» 

Chloractitic  add.  Nitrobemsoic  acid. 

I)ibromosi|Ccinic  add.  Diamidobenzoic  acid. 

The  prefix  oay-  is  commonly  used  in  a  somewhat  difiTerent  sense,  namely  to  express 
the  addition  of  oxygen,  not  the  replacement  of  hydrogen  thereby :  as 


CTI«0«  «  Benzoic  acid.  (THK)'  =  Salicylic  add. 

"  '     '  C'H"0*  =  Oxysalicylic  ac 

C*H*0*  =  Dioxysalicylic  add. 


C'H^O*  s=  Oxy benzoic  add.  C'H*0*  =  Oxysalicylic  add. 

C*H*0*  =  Dioxysalicylic  ad< 


The  application  of  this  prefix  may  however  be  considered  as  comparable  to  that  of 
the  others  above  mentionAl,  if,  with  Kolbe,  we  regard  the  addition  of  oxygen  in  these 
CfljBes  t6  be  effected  by  the  replacement  of  H  by  HO. 

Sometimes,  instead  of  the  prefix  amido-f  the  termination  -amic  is  employed,  as 
benzamic  add,  instead  of  amidobenzoic  acid ;  such  names  are,  however,  incorrect :  for 
monobasic  adds  such  as  benzoic,  do  not  form  true  amic  adds,  and  the  compounds  re- 
ferred to  do  not^  even  in  respect  to  empirical  composition,  bear  the  same  relation  to  the 

*  The  Tkxme  acetyl  wm  first  gWen  to  the  group  C^H^O  by  Dtimai  (TraHi  de  Chim,  appL  <ntf  ariM^ 
▼ol.  wt  p.  341, 1843).  who  represented  aldehyde  by  the  formula  C^HSO.H.  calling  it  *'  bydrure  d'ac6tyle.** 
Williamson,  who  first  suggested  the  views  now  prevalent  reapecting  the  constitution  of  acetic  and  other 
similar  acids,  called  this  radicle  **  othrl;**  but  this  name  has  been  gtoerally  abandoned  for  the  term 
acetvl  (again  applied  by  Gerhardt  as  it  bad  been  by  Dumas),  on  account  of  the  dlfflcalty  of  forming 
analogous  names  lor  analogous  radicles. 
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normal  eompoitndB  that  Qxamic  add,  for  instance,  does  to  oxalic  acid.  Strictly  speaking, 
the  so-caUed  amido-  adds,  or  amic  adds  of  monobasic  organic  adds,  are  most  dosely 
related  to  the  oxygenated  derivatiyes  of  the  bodies  with  which  they  are  commonly 
compared,  so  that  we  true  systematic  name  of  amidobenzoic  or  benzamic  add  would 
be  oxyhetteanic  add  (see  also  Ahio  Acids,  L  167). 

The  prefix  sulpho-  is  also  often  applied  to  the  names  of  organic  adds  in  a  manner 
which  is  not  quite  correct :  thus,  the  substance  called  sulphacetic  add  is  not^  what  the 
name  would  best  express,  a  body  derived  from  acetic  add  by  the  substitution  of 
sulphur  for  oxrgen,  but  a  compound  produced  by  the  action  of  sulphuric  anhydride  on 
acetic  add.  This  product  would  be  better  named  acetosulphuric  add  than  sulphacetic 
add,  but  even  that  name  would  not  be  quite  correct^  inasmuch  as  the  substance  in 
question  is  primarily  related  to  glyooUic  (oxyacetic)add  and  not  to  acetic  acid. 

Several  derivatives   of  the  types  nH?N   and   gzQ  |   containing  the  radides  CO, 

carbonyl,  and  CHK),  glyooUyl,  have  recdved  spedal  names  in  addition  to  their 

CO) 
systematic  names :  for  instance,  carbamide,  ^4  [  ^,  is  ahK>  called  urea^  and  this  name 

18  often  appHed  in  a  generic  sense  to  all  compounds  derived  from  urea  by  partial  or 

CO       1 
complete  replacement  of  its  hydrogen  by  other  .radides,  as  (rnmym  \  ^  ethyl-urea, 

CO  1 

(C*ILH>YH*  I  ^  *"  diaoetyl-niea.  Similarly,  adds  formed  upon  the  type  of  hippuric  add, 

that  is,  by  the  replacement  of  hydrogen  in  glycoUamic  add  (glyoocine),     ^,    ^  q,  are 

often  denoted  by  names  ending  in  -uriCt  as  salicyluric  acid,  cuminunc  acid,  toluylurio 
acid.  Exceptional  names  are  also  used  to  some  extent  for  the  compound  ethers  cor- 
responding to  amic  adds :  thus  ethylic  carbamate  is  also  called  urethane  or  carta- 
methane,  ethylic  oxamate  is  also  called  oxamethane,  ethylic  lactamate  is  also  called 
laeiametkane,  &c. 

We  give  bdow  a  Ust  of  other  terminations  to  which  particular  significations  are 
oflen  attached,  together  with  examples  illustrating  the  use  of  each. 

-at    Abbreviation  of  aldehyde.    Ex.  BtUyral  »  butyric  aldehyde ;  valeral  b  val 

eric  aldehyde. 

-anil.    (fr.  aniline).    Phenyl ^imide.    Ex.  Malanil  =s  phenyl-malimide. 

-anilic  acid.     Phenyl amic  add.    Ex.  SuceinaniUc  acid  «  phenyl-succinamio 

add. 
-anilide.    Phenyl amide.    Ex.  AeetanUide  =  phenyl-acetamide. 

-  e  n  e.  A  compound  containing  only  carbon  and  hvdrogen.'  Ex.  Benzene,  naphthalene, 
-ide.    (1)A  compound  of  two  elements^  two  radicles,  or  of  an  element  and  a  radicle. 

Ex.  Zinc-metMde^  or  eino-methyUde ;  fnethyUe  ethide,  (2)  A  termination  pro- 
posed by  Gerhardt  (S^eUme  unitaire,)  as  a  ^neral  mode  of  denoting  anhy- 
drides: it  is  still  in  partial  use  in  this  sense.  Ex.  Glycdlide,  laeHde,  mannide. 
(8)  A  general  term  for  compound  ethers  of  polyatomic  alcohols.  Ex.  Glycerides, 
glueoHdes,  manniianides.    Seldom  used  to  denote  individual  substances. 

-  in.    ^1)  A  neutral  oompoimd  of  carbon,    hydrogen,  and  o:^gen.    Ex.  Glycerin, 

salicin,meconin.    (2)  A  compound  ether  of  glycerin.    Ex.  €/Uorhydrin,pal7mtin, 

-  ine.    An  alkaloid.    Ex.  Morphine,  quinine.    Also  used  by  some  writers,  but  not  in 

this  work,  in  the  same  sense  as  -enje,  or  -m  ;  as  benzine  for  benzene,  glycerine  for 
glycerin. 

-  itan.   Employed  by  Berthelot  to  denote  the  first  product  obtained  by  dehydrating  a 

sugar  whose  name  ends  in  -iU,    Ex.  Mannitan,  diUcitan, 

-  ite.    A  saccharine  compound  containing  more  hydrogen  than  would  be  required  to 

convert  all  the  oi^gen  into  water.    Ex.  Mannite,  duleite,  pinite. 

-oL  Abbreviation  of  alcohoL  "Ex,  Phenol  s  phenylic  aloohof ;  «nen/Ao^  s  menthylic 
aloohoL 

-ole.  Sometimes  used  instead  of  -ene,  to  denote  hydrocarbons.  Ex.  Benzole  for  ben- 
zene, Uduole  for  toluene.    Not  used  in  this  work. 

-one.  (1)  Abbreviation  of  acetone  or  ketone.  Ex.  Valerone  »  valeric  ketone; 
beneone  ^  benzoic  ketone.  (2)  A  termination  much  employed  without  definite 
meaning.    Ex.  Quinone,  ind^ueoone, 

-ose.  A'saccharine  compound  containing  oxygen  and  hydrogen  in  the  proportion  re- 
quired to  convert  each  completely  into  water.    Ex.  Gluooee,  eaceharose,  lactose, 

-yL    A  compound  radide.    ExJ  Ethyl,  benzoyl,  benzyl, 

-  jlene.    A  hydxocarbon  (diatomic  radide)  containing  1  at.  hydrogen  less  than  the 

radide  of  oorreeponding  name  ending  in  -yL  Ex.  Et^Une,  iriiylene,  benzylene, 
(This  termination  is  sometimes  used  in  a  maimer  which  is  not  in  strict  aoooraance 
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with  the  ahove  nde :  thas  the  hydrocarbons  of  the  Beries  OH*^*  are  called  acet^ 
kne,  aUylene,  crotonylene,  valervlene,  among  which  names  allylene  is  the  only  one 
that  agrees  with  the  general  role.    Some  general  i^stem  of  naming  the  hydro- 
carbons homologous  with  mansh-gas  is  a  great  desideratom.) 

For  fiuther  information  respecting  the  histoiy  of  chemical  nomenclature  and  Tarions 
attempts  that  have  been  made  firom  time  to  time  to  render  it  more  systematie,  see,  in 
addition  to  the  references  already  giyen,  the  following :  Kopp,  Geschichte  der  CShemie, 
ii.  412  et  seq,  Berzelins,  Lenrbneh  der  Chemie,  edit.  1831,  toL  iv.  (2nd  port)  pp. 
956,  957 ;  also  (for  a  mnch  fuller  treatment  of  the  subject)  edit  1841,  yoL  x.  pp.  428- 
449.  Dumas,  Lemons  sur  la  Fhiloeophie  Chimique,  pp.  32 1-358.  B  o  s  e  t^  Berzdius's 
Jahresber.  xziii.  23,  24.  G-melin,  Handbook  of  Chemistry,  vii.  149-153.  Griffin, 
Chemical  Recreations,  7th  ed.  (1834),  pp.  234-274 ;  also  (another  system)  Radido 
Theory  in  Chemistry  (1858),  pp.  86-90.  Newlands,  Chemical  News,  iv.  281 
(30th  Nov.  1861).  Williamson,  Chem.  Soc.  J.  xvii.  (new  series,  iL)  421.  The  fore- 
going relate  to  chemical  nomenclature  in  general ;  the  following  more  particularly  to  the 
nomenclature  of  oiganio  compounds:  Lauren t.  Chemical  Method,  pp.  356  et  scq. 
Daubeny,  Rep.  Brit.  Associat.  1851 ;  Transactions  of  Sections,  p.  124.  Weltzien, 
Systematisehe  Zusammenstellung  der  organisch.  Verbindungen  (1860),  pp.  xzy.- 
xxviii.  Berthelot,  Chimie  organique  fondle  sur  la  synth^e  (1860),  L  180-186. 
Kolbe,  Lehrbuch  d.  oiganisch.  Chemie,  L  53-62. 

O.  C.  F. 


A  hydrated  ferric  silicate  allied  to  chloropal,  which  it  closely 

resembles  in  physical  and  chemical  properties,  excepting  that  it  gelatinises  with  acids. 
Its  composition  is  shown  by  the  following  analyses : 

a.  From  Nontron,  Dep.  Dordogne,  France  (Berthier,  Ann.  Ch.  Fhys.  [2]  xxxv. 
92). — 5.  Yillefranche  (Dufr^noy,  Ann.  Min.  [3]  iii.  393). — c,  Montmors,  near  Autun 
(Jacquelain,  Ann.Ch.  Phys.  [2]  xli.  101). — d.  Andreusberg  in  theHartz  (Bieweud, 
J,  pr.  Chem.  xi.  162). — e,  Tirschenreuth  (H.  Miiller,  Dana*3  MinercUogy,  ii.  337). — 
/,  From  the  same  locality  (Uricoechea,  loc,  cit.)x 
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■•  CH".— The  ninth  term  of  the  series  of  alcohol-radides,  C"H*"-».  It 
is  also  called  "Belargonyly  but  that  name  belongs  more  properly  to  the  corresponding 
iicid-radicle,  C*H"0,  homologous  with  acetyl,  C*H*0. 

Nonyl  has  not  yet  been  isolated.  Hydride  ofnonyl^  C*fl**,  occurs,  together  with 
nonylene,C*H'*,  and  many  other  hydrocarbons  of  the  series  C°H***"  and  C"H*",  among 
the  products  obtained  by  distilling  amylic  alcohol  with  anhydrous  chloride  of  zinc 
The  nydride  of  nonyl  and  nonylene  occur  in  the  portion  of  the  distillate  which  goes 
over  between  135^  and  150°,  and  are  separated  by  means  of  bromine,  which  combines 
with  the  nonylene  (Wurtz,  Bull.  Soc.  Chim.  1863,  p.  800  ;  Ann.  Ch.  Pharm. 
cxxviii,  225 ;  Jahresb.  1863,  p.  510).  Hydride  of  nonyl  is  also  contained,  together 
with  other  alcoholic  hydrides,  in  American  petroleum  (Pelouze  and  Ca hours).  See 
Hydbedbs,  iii.  181. 

Hydride  of  nonyl  boils  between  184°  and  187° ;  its  vapour-density  by  experiment  is 
4*50  (Wurtz)  ;  by  calculation  4*482.  Its  odour  is  somewhat  like  that  of  lemons. 
(Pelouze  and  Cahours.) 

Chloride  of  Nonyl,  or  Chloride  of  Pelargyl,  C*H'*C1,  obtained  by  the  action  of 
chlorine  on  hydride  of  nonyl,  distils  over  as  a  colourless,  mobile,  aromatic  liquid, 
having  a  specific  gravity  of  0*899  at  16°  and  boiling  at  196°.  Heated  with  acetate  of 
potassium  to  150°,  it  yields  acetate  of  nonyl  as  a  liquid  which  has  a  tmitr  odour, 
boils  between  208°  and  212°,  and  when  boiled  with  potash  yields  hydrate  of  nonyl, 
nonylic  or  pelargonic  alcohol,  as  an  oil  boiling  at  about  200°.  (Pelouze  and 
Cahours.) 

IfOMHUaWilNM*  C*H*'N. — Obtained  by  the  action  of  ammonia  on  chloride  of 
nonyl.  Colourless  liquid  having  an  aromatic  and  ammoniacal  odour;  boiling  between 
190°  and  192° ;  somewhat  soluble  in  water.    (Pelouze  and  Cahours.) 

If  OWT&BWB.    C*H*'.    Pelargonme.  Elaene, — ^This  hydrocarbon  oocms,  together 
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with  hezjlene,  among  the  prodncts  of  the  dry  distillation  of  hydioleio  op  metoleic  acid. 
The  crude  distillate  is  redistilled  at  130°  to  remove  a  quantity  of  empyreumatic  matter; 
the  liquid  which  passes  over  is  agitated  with  dilute  potash-ley,  to  free  it  from  volatile 
acids,  and  dried  over  chloride  of  calcium ;  and  the  hexylene  and  nonylene  are  finally 
separated  by  fractional  distillation  (Fr6my,  Ann.  Ch.  Phys.  [2]  Ixv.  143).  It  is  also 
£>ond»  together  with  hydride  of  nonyl,  &c.,  among  the  products  of  the  distillation  of 
amylic  alcohol  with  chloride  of  zino  (Wurtz,  loc,  cit.).  It  is  a  colourless  liquid, 
lighter  than  water,  insoluble  in  water,  soluble  in  alcohol  and  ether ;  has  a  penetrating 
odour;  bums  with  a  bright  white  flame;  boils  at  about  \l(P (Fr6my) ;  at  about  14Q° 
(Wnrta).  Vapouiniensity,  obs.  -  4071— 4488  (Fr6my);  4*64  (Wurtz);  calc  - 
4*3d9. 

Bromide  of  Nonylene,  0»H"Bp»,  formed  by  direct  combination,  is  a  non-volatfle 
Uquid,  which,  like  its  congeners,  is  attacked  by  caustic  potash,  yielding  a  liquid  boiling 
between  140°  and  200°.    (Wurts.)  i-       » /  b       i  -© 

Chloride  of  Nonvlene,  C»H"»C1»,  also  formed  by  direct  combination  at  ordinary 
temperatures,  is  an  oily  liquid,  heavier  than  water,  having  a  rather  agreeable  odour 
much  like  that  of  anise ;  it  bums  with  a  green  smoky  flame.     (F  r  e  m  y.) 

VOXmuO  A&COBO&.    See  Nontl  (p.  134). 

^oma^WMaMXOU^TTWL  A  mineral  from  Ruscula  on  Lake  Onega  in  Bussia* 
laobably  a  variety  of  tremolite  (iiL  169).  Contains,  according  to  C.  v.  Hauer,  60-78 
per  cent  ;silica,  2*63  feme  oxide  and  alumina,  14-12  lime,  and  22-46  magnesia. 
(Jahreab.  1854,  p.  820.) 

WOaiTB,  A  rock  occurring  near  Egeraund  and  other  places  on  the  west  coast  of 
Norway.  Its  composition  is  that  of  a  gabbro,  somewhat  poor  in  augitic  constituents 
(bypersthene  and  diallage),  and  characterised  in  several  places  by  an  admixture  of 
titaniferous  iron.  Kj  eru If  ( Jahresb.  1862,  p.  791),  found  in  a  nonte  from  Tronfleld 
in  the  Oesterthal,  of  grey  to  violet  colour  and  containing  labradorite  and  green  diallage: 
60-06  per  cent  silica,  6-73  titanic  oxide,  1644  alumina,  971  ferric  oxide,  14-66  lime, 
4-88  magnesia^  1-38  soda  and  a  trace  of  potash. 


7he  name  of  a  metal  which  has  been  supposed  to  accompany  zirco-* 
ninm  in  most,  if  not  all  of  the  minerals  which  contain  it  This  idea  of  the  composite 
nature  of  the  earth  commonly  called  zireonia,  is  based  upon  some  experiments  of 
STanberg(Pogg.  Ann,  bcv.  317),  who  found  that  when  chloride  of  zirconium  was 
£raotionally  precipitated  by  oxalic  acid,  the  several  precipitates  exhibited  considerable 
diflTerences  of  composition.  On  the  other  hand,  Berlin  (J.  pr.'Chem.  Ivii.  146)  finds 
that  the  several  precipitates  of  oxalate  of  zirconium  thus  produced  do  not  exhibit  any 
diflTerences  of  composition  sufficiently  great  to  warrant  such  a  conclusion.  The  matter 
requires  therefore  further  investigation. 


A  mineral  allied  to  hauvne  (iii,  16),  occurring  in  rhombic  dodecahe* 

drons,  sometunes  modified  with  faces  of  the  cube,  more  rare^  of  the  trapezohedron 
2  0  2;  often  granular  massive.  Hardness  «  6-5.  Specific  gravity  «  2-26— 23, 
Colour  greyish,  bluish,  or  brownish,  sometimes  black.  Translucent  to  nearly  opaque. 
Before  the  blowpipe,  it  loses  colour  and  fuses  on  the  edges,    (JelatiniBes  with  acids. 

Noeean  is  found  chiefly  in  the  eruptive  rocks  at  Lake  Laaeh,  near  Andemach  on  the 
Bhine ;  also  at  Hieden  and  Volkerfeld  in  Prussia  in  a  leucite  rock. 

The  following  are  analyses  of  the  mineral,  mostly  from  X^ake  Laach:— fl,  A. 
Bergemann  (Bull,  de  sc.  nat  1823,  iii.  406).— c.  Varrentrapp  (Pogg.  Ann.  xlix. 
615)^—^  Whitney  {ibid.  Ixx.  481). — e.  Bladdsh-green  to  clove-brown;  speciflo 
gavity  2-280.—/.  Light  bluish-grey ;  specific  ffravity  2-299.-—^.  Leek-green,  from  the 
Haazdt  near  Bieden ;  specific  gravity  2*336.— X.  Transparent  and  colourless,  mostly  in 
twin-crystals  (the  so-called  sodalite  from  Lake  Laach);  specific  flravity  2*399  (G.  v. 
Bath,  Jahresb.  1863,  p.  822) : 

Mica    ....     88-'60    87*00  36-99  36-62  38-72  86-69  36-'46  36-'87 

Sulphuric  anhydride      .      8-16    11-66  9-17  7*40  7*62  7'30  7*34  10*00 

Chlorine 0-66  0-61  0*71  105  0*70  108 

Alumina        .                 .     29-26    27*50  32^66  29-48  29*08  28-46  29-61  26*60 

^•ZgS'oJl^*!  .  2-67  X-78  (HK.  0-44  0-76  0-47  0»l  0-28 
Lime  ....  1-14  8-14  Ml  1-86  1*20  0-68  2-37  406 
Soda     ....     16*66     12-24    17*84    23*04    23*33    23*90    2060    20*75 

Potash 0-34     ....     trace 

Water 1.86      1-87      0-88      2*16      201      0-37 

Soipbiur         .        .        .      2*82      1*41 

99*10    99*63    99*23  100*21  100*48  100*64  10000  100*00 
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BammeLibenr  snggeBts  as  probable  that  nosean  has  the  composition  (NaCl.SNaAU"' 
SiO*)  +  5(Na*S0«.^&All'"lS0«),  that  is  to  say  that  it  consists  of  1  molecule  of  soda- 
lite  united  vith  6  molecules  of  a  soda-hauyne  containing  6  atoms  of  silicate.  This 
formula  requires  36*83  per  cent  silica,  7 '26  sulphuric  anhydride,  30*71  alumina,  24*16 
soda»  and  1*06  chloride  of  sodium. 

VOTATZOV.  The  system  of  chemical  notation  now  in  use  among  chemists 
belongs  exclusively  to  modem  times,  for  it  is  essentially  an  expression  of  the  doctrine 
of  definite  combining  proportions,  and  the  atomic  theory.  But  in  all  ages  in  which 
chemistry  has  been  cultivated,  signs  of  some  kind  or  other  seem  to  hare  been  employed 
to  represent  the  various  kinds  of  matter ;  and  although  we  may  regard  the  definite 
quantitative  value  which  chemical  symbols  hare  possessed  since  the  introduction  of  the 
atomic  theory,  as  constituting  an  essential  difference  between  the  chemical  notation  of 
the  present  day  and  that  of  any  former  age,  still  it  is  not  difficult  to  trace,  in  the  nota- 
tions of  the  earlier  periods  of  the  science,  nearly  all  the  most  important  elements  of 
that  now  employed. 

The  yezy  early  belief*  in  a  connection  between  the  several  members  of  the  solar 
system  and  individual  metals  led  to  the  representation  of  both,  not  only  by  the 
same  names  (Nomxnclatube,  p.  118),  but  by  the  same  signs.  The  following  account 
given  by  Hassenfratz  and  Adet  of  the  appropriation  by  the  early  chemists  of  these 
signs  to  the  particular  metals,  shows  that  they  were  by  no  means  applied  arbitrarily 
or  at  random,  but  in  accordance  with  a  general  system  of  ideas.  "  The  metals  were 
divided  into  coloured  or  solar  metals,  and  white  or  lunar  metals.  The  metals  of  these 
two  classes  were  again  subdivided  into  perfect,  semi-perfect,  and  imperfect  metals ; 
perfection  was  expressed  by  a  circle,  a,  fig.  732  ;  semi-perfection,  if  we  may  use  such 
an  expression,  by  a  semi-cirde,  h ;  and  imperfection  by  a  cross  or  by  a  dart,  c.  Thus 
gold,  which  was  preeminently  the  solar  metal,  was  represented  by  a  simple  circle,  d ; 
this  figure  was  common  to  the  metals  of  the  same  class,  as  copper  e,  iron  /,  and 
antimony  ff ;  but  for  these  it  was  combined  with  the  symbol  of  imperfection.  Silver, 
which  they  considered  as  a  semi-perfect  lunar  metal,  was  denoted  by  a  semi-drcle  b ; 
tin,  A,  and  lead,  t,  had  likewise  the  semi-circle  for  their  symbol,  as  belonging  to  the 
same  class ;  but  the^  were  distinguished  from  silver  by  the  cross  or  by  the  dart 
Finally,  mercury,  which  was  an  imperfect  metal,  at  once  solar  and  lunar,  bore  the  dis- 
tinctive marks  of  both  these  classes,  and  was  denoted  by  a  circle  surmounted  by  a 
semi-cirde  with  the  addition  of  a  cross,  j\**  {Mlmoire  sur  de  nouveawc  earacUret  a 
employer  en  Chimie,  1787.) 

Fiff.  782, 
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Additional  symbols,  framed  by  individual  chemists  in  accordance  with  their  own 
special  opinions,  were  employed  to  denote  other  substances,  but  those  given  above  long 
remained  in  universal  use.  We  still  find  them  among  the  chemical  signs  adopted  by 
Bergman,  whose  system  may  be  taken  as  the  latest  important  representative  of  the 
ideas  which  reigned  in  chemistry  before  the  time  of  Lavoisier,  and  is  therefore  entitled 
to  a  passing  notice.  The  four  ancient  elements  were  represented  by  Bergman  as 
follows: — 

A  V  A  V 

Fire.      Water.       Air.        Earth. 

and  the  prindpal  dasses  into  which  chemical  substances  were  then  divided,  by  the 
following  general  symbols : 


+        ^       m      o      ®      ^ 

4.oid.  Inflammable      Metal  Salt         Alkali.  Calx, 

matter.        (regulus). 

In  order  to  denote  particular  substances,  one  of  these  general  symbols  was  used,  in 
combination  with  some  spedal  sign  of  difference :  thus  the  several  adds  were  denoted 
by  a  cross  followed  by  a  sign  characteristic  of  each ;  ^e  metallic  calces  by  the  symbol 
"  calx,"  (which  when  followed  by  the  letter  p,  for  pura,  signified  lime),  followed  by  the 
spedal  sign  of  some  particular  metal.  (See  Hassenfratz  and  Adet,  op.  eit.;  also 
the  frontispiece  to  "A  Dissertation  on  Elective  Attractions,  by  Torbern  Bergman," 
Xx>ndon,  1785;  and  the  plates  to  Pearson's  ''Translation  of  the  Table  of  Chemical 

w  !.  ?®'"*."l*'i  V^*^*  *  pawago  from  the  wrlUngs  of  C«lia«  agauut  Oriten,  aecordias  to  which  this 
belief  exlsted.amoug  the  andent  PeriiaDt. 
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Nomenclature  proposed  by  Gnyton,  Lavoisier,  Bertholet^  and  De  Foarcroy," 
2iid  edit.  London,  1799.  Li  the  last  work  the  signs  employed  by  Geoffroy  will  aiBo 
be  found;  for  information  on  the  origin  of  chemical  symbols,  the  author  refers  to  a 
"  Tract  on  Symbols,"  by  Wall  of  Oxford,  written  in  1783). 

These  signs  of  Bergman's,  and  indeed  all  that  had  hitherto  been  employed,  indicated 
the  substances  to  which  they  were  applied,  exactly  in  the  same  way  as  the  ordinary 
names  of  those  substances  indicated  tnem.  They  may  in  fact  be  regarded  as  merely 
abbreviated  modes  of  writing  chemical  names,  for  the  information  which  they  con- 
veyed was  precisely  the  same  as  that  given  by  the  latter.  These  svmbols  did  not  ex- 
Sress,  and  had  not  anv  necessaiy  relation  to  the  composition  of  the  substances  they 
enoted ;  and  indeed  it  is  evident  that  at  a  period  when  fire,  air,  earth,  and  water 
were  still  regarded  as  the  elenients  of  aU  material  things,  chemists  can  have  had  no 
dear  ideas  to  express  touching  what  is  now  understood  by  chemical  composition. 
Accordin^y,  we  first  find  chemical  signs  used  in  their  modem  sense,  that  is,  to  denote 
chemical  composition,  by  the  philosopher  who  first  clearly  pointed  out  what  was  to  be 
understood  thereby.  In  a  memoir  by  Lavoisier,  entitled,  "Considerations  gen^rales 
sur  la  dissolution  des  M^taux  dans  les  acides,"  published  in  the  M^moires  de 
rAcad^mie  des  Sciences  (annee  1782,  p.  492 ;  also  "  (Euvres  de  Lavoisier,"  iL  509.  4to, 
Paris  1862^,  occurs  probably  the  first  example  of  the  employment  of  symbols  to  denote 
the  successive  steps  of  a  chemical  operation.  The  meaning  which  Lavoisier  attached  to 
the  signs  used  by  him  will  be  best  conveyed  in  his  own  words. 

"  .  .  .  .  j'ai  constmit  des  espies  de  formules  qu*on  pourrait  prendre  d'abord 
pour  des  formules  alg^briques,  mais  qui  n'ont  point  le  m6me  objet,  et  qui  ne  d^rivent 
point  des  mfimes  principes ;  nous  sommes  encore  bien  loin  de  pouvoir  porter  dans  la 
chimie  la  prMsion  math^matique,  et  je  prie  en  consequence  de  ne  consid^rer  les 
formules  que  je  vais  donner  que  comme  des  simples  annotations,  dont  I'objet  est  de' 
aoulager  les  operations  de  Tesprit. 

Soit  une  substance  m^tallique  quelconque        ....  8.M, 

TJn  adde  quelconque l-O-i 

L*ean ^ 

Le  principe  oxygine i^ 

L*airnitreux ^% 

Uacide  nitreux Q9 

*'  On  aura,  pour  expression  g^nerale  de  toute  dissolution  m^tallique, 

"  Cetteformule  gen^rale  variera  suivantla  nature  de  Tacide  et  suivant  celle  du  metal ; 
ainai,  par  exemple,  si  c'est  la  dissolution  du  fer  dans  Tadde  nitreux  qu'on  vent  ex- 
primer,  on  aura  (  ^  )  (^  ©f). 

"  Mais  Tacide  nitreux  ^tant  lui-m6me  un  compost,  il  fiiut,  dans  oette  formule,  y 
ffubstitner  sa  valeur,  et  alors  la  formule  prendra  la  forme  qui  suit  (  ^  )  (  V  ^w*  A^  )• 

"Soit  suppose  la  quantity  de  fer  «  a,  il  est  clair  qu'il  &udra,  pour  dissoudre  une 


II  est  dair  encore  qu*une  quantity  a  b  d'acide  nitreux  est  oompos^e  d*une  certaine 
portion  d*eaa,  que  je  pourrai  mommer — 

''D*nn6  certaine  portion  de  prindpe  os^gine,  que  je  pouirai  nommer        •         — 

"  D^nne  certaine  portion  d'air  nitreux  que  je  pourrai  nommer  .       ^        .         — 

'*  Enfin  je  ferai  observer  que,  poor  que  ccs  sortes  de  dissolutions  ne  se  fassent  pas 
d*une  maniire  trop  tumultueuse,  il  est  n^cessaire  de  couper  Tacide  de  deux  parties 
4l*eau,  d'apris  quoi  la  formule  d-dessus  deviendra : 

{a  S)    +    (2a*  V  +    ^  V)  +  {^*^  +   ^^^)- 

'*  Telle  est  la  formule  qui  represente  Texpression  du  dissolvant  et  de  la  substance  k 
diiwondre  avant  le  melange.  Mais  sitot  que  Taction  dissolvante  a  lieu,  le  m^tal  enUve 
i  Fadde  nitreux  la  quantity  de  prindpe  oxygine  necessaire  pour  se  saturer.  Oette 
quantity  est  encore,  pour  chaque  m^tal,  dans  un  rapport  constant  avec  la  quantity  de 
«e  mAme  m^tal,  et,  poisque  j'ai  nomm^  a  la  quantity  du  m^tal,  je  pourrai  nommer 
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«la  quantity  de  principe  oxygine  n^cessaire  pour  le  satuier.     II  est  clair  que,  quand 

la  dissolution  est  faite,  cette  quantity  doit  6tre  njout^  an  fer  dans  la  formule,  et 
retranch^e  de  rezpression  de  Tacide  nitreux ;  ainsi  la  formule  deriendra : 


£t,  k  cause  qu'il  se  d^gage  de  la  combinaison  une  quantity  d'air  nitreux  k  pen  pr^ 
^gale  en  poids  k  celle  de  principe  oxygine  absorb^  par  le  m^tal,  il  feint  retrancher 

^   ^f«    de  cette  formnle  ponr  ayoir  Texpression  r^elle  de  ce  qui  restera  aprte  la 

V 

dissolution ;  on  aura : 

(,ai  +^)    +    (204  V  +   f-A)+(7'$<-|'^    +4-^  -i^^- 

"  Les  parentheses  expriment  la  mani^re  dont  sont  group^  les  molecules  de  difierente 
nature  dans  la  dissolution. 

*'Pour  plus  de  simplification,  je  supposerai  que,  dans  toutes  ces  "dissolutions,  la 
quantity  d  acide  employee  est  toujours  d  une  livre ;  d'aprte  quoi,  a  b  aeyiendra  ^^  i 
runit^,  et  la  formule  se  rMuira  k  ce  qui  suit : 

{^i  +  ^•^)  +  (2v  +  Jv)+  (J'^'-J'^  +  f  ^*  -l^^- 

"  n  ne  s'agit  plus  que  de  donner  une  raleur  numeraire  k  toutes  ces  quantity ;  et  je 
vais  rendre  compte  des  principales  experiences  dont  je  suis  parti.'' 

In  the  remainder  of  this  paper,  Lavoisier  compares  the  numerical  results  calculated 
by  means  of  this  formula  with  those  yielded  by  actual  experiment,  and  shows  how 
similar  formulae  may  be  applied  in  other  cases. 

Although  the  notation  employed  by  Lavoisier,  in  the  memour  from  which  we  have 
quoted,  was  distinctly  founded  upon  the  principle  of  denoting  compound  bodies  by  means 
of  their  elementary  constituents,  this  principle  was  nevertheless  only  very  imperfectly 
carried  out,  water  for  instance  being  still  represented  by  Bergman's  symbol  in8t«>ad  of 
by  the  symbols  of  its  elements,  notwithstanding  that  Lavoisi'er  had  himself  published 
in  the  previous  year  two  memoirs  demonstrating  its  compound  nature.  But  the  rapid 
advances  in  systematisation  which  took  place  in  the  next  few  years,  soon  rendered  it 
possible  to  apply  this  most  important  principle  in  a  much  more  complete  manner. 
Accordingly,  in  1787,  Hassenfratz  and  Adet  published  two  memoirs  (from  one  of 
which  we  hare  already  quoted,  p.  136),  wherein  they  proposed  a  much  more  complete 
and  systematic  chemical  notation  than  any  that  ubA  hitherto  been  proposed.  They 
began  by  assigning  symbols  to  the  elementary  or  undecompounded  bodies,  employing 
similar  symbols  for  all  the  bodies  of  the  same  class,  and  giving  the  simplest  to  such  as 
were  of  most  frequent  occurrence.  Thus,  caloric,  oxygen,  and  nitrogen  were  classed 
together  as  "  substances  which  can  exist  in  the  aeriform  condition  at  the  ordinary 
temperature  of  the  atmosphere,  and  which,  as  entering  into  the  composition  of  an  in- 
finity of  bodies,  require  the  utmost  simplicity  in  their  characters/'  and  were  accordingly 

represented  by  difierent  positions  of  a  straight  line:    thus,  |  caloric^  —  oxygen,  / 

nitrogen.  The  fourth  position,  \  was  reserved  to  denote  a  new  element  of  the  same 
class  whenever  such  might  be  discovered ;  and  by  adopting  zigzag  instead  of  straight 
Unes,  four  additional  symbols  were  obtained  for  bodies  of  Qie  same  class,  one  of  them, 

I,  being  employed  for  light,  and  the  three  remaining  positions  being  reserved  "pour 
designer  de  nouveUes  substances  simples  et  fUriformes  lorsque  Von  en  deamvrira." 
Similarly,  a  semi-circle  was  used  as  the  general  symbol  for  combustible  elements,  each 
individual  being  distinguished  by  a  particular  position  of  the  common  character :  thus 
3  hydrogen^  Q    carbon,  ^  sulphur,    r\  phosphorus.     The  other  general  symbols 

were  as  follows :  ^  alkalis,  ^  earths,  Q  metals,  Q  acidifiable  compound  radicles, 
0  non-acidifiable  compound  svhstances  (such  as  ether,  alcohol,  oil,  &c.).  These 
symbols  not  admitting  of  the  formation  of  a  sufficient  number  of  special  signs  by  mere 
variations  of  position,  the  sic;ns  representing  particular  substances  were  obtained  by 
placing  the  initial  letters  of  their  names  inside  the  common  symbol  of  the  class  to  which 
they  belonged.  For  instance,  among  the  metals,  gold  alone  was  denoted  by  the  symbol 
0,  '*  in  order,"  as  the  authors  say,  *'  to  preserve  Uie  ancient  character,"  the  remainder 
being  denoted  by  a  circle,  inside  which  was  inscribed  a  letter,  or  in  case  of  the  names 
of  more  than  one  metal  having  the  same  initial,  two  letters,  taken  from  their  latin 
names.      For  instance,  0  lead,  0  platinum,  Q  silver,  @  arsenic,  (S)  anOmong, 
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&c  Compoond  bodies  were  denoted  by  the  juxtaposition  of  the  symbols  of  their 
elements,  these  being  placed  upon  the  same  horizontal  lino  when  the  elements  were 
regarded  as  mutually  saturated,  but  when  any  element  was  supposed  to  be  in  excess,  its 
symbol  was  placed  below  the  line,  or  above  if  it  was  in  defect    Thus  "V"  represented  ice  ; 

the  same  combined  with  a  small  quantity  of  caloric  constituted  water  ly-^  and  with 

caloric  in  excess  it  constituted  steam  TT.* 

A  most  important  alteration  in  the  meaning  of  chemical  symbols  resulted  from  the 
iotrodaction  of  the  atomic  theoiy ;  from  this  time  they  had  not  merely  a  quaHtative  but 
a  quantitative  signification,  the  symbol  of  each  substance  no  longer  representing  an 
indefinite  quantity  of  that  substance,  but  a  particular  weight  proportional  to  the 
supposed  weight  of  its  atom.  The  atomic  symbols  employed  by  I)  alt  on  had  all  the 
same  general  form,  namely  that  of  a  circle,  tnis  form  being  most  likely  adopted  by  him 
because  he  considered  the  atoms  themselves  as  in  all  probability  spherical.  Examples 
of  some  of  the  sjjrmbols  employed  by  him  for  non-metallic  elements  have  already  been 

§tven  in  the  articles  Atoxic  Wbiohts  (i.  453)  and  Equivaxbnts  (ii.  494) ;  in  order  to 
enote  the  several  metals,  he  adopted  the  same  expedient  as  Hassenfratz  and  Adet, 
namely  placing  their  initial  letters  inside  the  circle. 

In  1815,  Berzelius  proposed  a  system  of  notation  in  which  the  use  of  initial  letters 
was  extended  to  all  the  elements,  and  the  use  of  the  enclosing  circles  was  dispensed 
with.  At  the  same  time  he  introduced  the  method  of  denoting  several  atoms  of  the 
same  element,  or  several  molecules  of  the  same  compound,  by  means  of  coefiidents, 
thus  bringing  chemical  notation  almost  exactly  into  its  present  state.  But  in 
addition  to  the  modem  ^stem  of  chemical  formula,  which  will  be  found  more  fully 
described  below,  Berzelius  proposed  a  system  of  mineralogical  formulae,  which  thouga 
seldom  met  with  in  modem  works,  require  some  notice  in  a  historical  summary.  These 
formuls  were  used  only  for  the  alkaline,  earthy  and  some  metallic  silicates.  Silica 
and  the  various  oxides  occurring  in  these  minerals  were  denoted  by  their  initial  letters, 
the  higher  (or  -ic)  oxides  by  capitals,  and  the  lower  (or  -ous)  oxides  by  small 
letters,  italics  being  employed  for  both  in  order  that  these  might  not  be  confounded 
with  Uie  chemical  formulae.  For  instance,  K  «  potash.  N  »  soda,  B  «■  baryta,  8r  » 
strontia,  C  «  lime,  A  ■■  alumina,  8  =  silica,  Mn  a  manganic  oxide,  mn  ss  manganous 
oxide,  F  »  ferric  oxide,  /  »  ferrous  oxide.  When  two  symbols  were  joined  without 
a  coefficient,  they  represented  a  compound  of  two  oxides  in  such  proportion  that 
each  contained  the  same  quantity  of  oxygen :  thus  (taking  8  »  810*),  A8  stood 
for  APO^.SiO^;  but  when  a  coefficient  was  used,  it  denot^  combination  according 
to  a  multiple  of  the  above  proportion,  oa  Al^  ^  Al'O^.ZSiO^  or  A*8  -  2Al*CP.8i(^. 
(Berzelius,  Lehrbuch  der  Che?nie,  ed.  1831,  voL  iv.  pt.  2,  p.  1078.) 

Still  another  system  of  abbreviated  formulae  proposed  by  Berzelius  is  now  seldom 
used,  except  by  mineralogists,  and  may  therefore  be  mentioned  here  in  connexion  with 
the  foregoing.    Wo  refer  to  the  use  of  dots  placed  above  the  symbol  of  an  element  in 

■  •  ■  ■  • 

order  to  express  its  combination  with  oxygen,  as  S  for  SO*  and  S  for  SO'.  After  the 
discovery  of  the  sulphur-salts,  this  mode  of  notation  was  extended  by  the  use  of 
commas  to  stand  for  sulphur,  short  horizontal  strokes  for  selenium,  and  small  crosses 

for  tellurium:  thus 

•  •  • . 

E  Mo  molybdate  of  potassium. 

K  Mo  sulpho-molybdate  of  potasssium. 

K  Mo  seleno-molybdate  of  potassium. 

+  +++ 

K  Mo  telluro-molybdate  of  potassium. 

From  a  chemical  point  of  view,  these  formulae  are  open  to  the  serious  objection  that  they 
seem  to  imply  an  essential  difierence  between  the  mode  of  combination  of  oxygen  and 
its  analogues,  and  that  of  all  other  elements.  Accordingly,  L  i  e  b  i  g  and  Poggendorf, 
in  their  groat  Dictionary  of  Chenustry,  recommended  the  entire  abandonment  of  them 
(see  Handworterbuck  der  retjun  urld  angewandten  ChemUf  preface  to  first  edition ; 
also  Ann.  Pharm.  ix.  3,  foot-note),  as  well  as  of  the  horizontal  strokes  through  symbols 
used  by  Berzelius  to  denote  double  atoms.  At  the  same  time  they  proposed  another 
modification  of  Berzelius's  notation,  which,  though  it  has  been  extensively  adopted, 
cannot  be  considered  as  an  important  improvement.    This  was  the  placing  of  the 

*  It  to  worthy  of  remark  that,  although  we  now  know  the  conception  of  caloric  as  a  lubttance  to  hare 
been  erroocoiu,  the  attempt  to  expreM  the  quantity  of  it  contained  in  a  material  sabttance  in  any  given 
Mate,  rendered  Haasenfrati  and  Adet'c  formuls  in  one  respect  more  complete  than  those  now  employed. 
The  only  similar  attempt  we  are  acquainted  with  in  modem  chemistry  is  the  late  Mr.  Bowman's  method 
c^  denoting  the  state  of  aggregation  of  a  substance  by  varying  the  kind  of  type  employed  in  printing  ita 
symbols.    (See  bis  Proci^cof  CA^mOlry,  London  iSlS,  pp.  xv ill .^xxUl.) 
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small  nameralB  employed  to  mnltiply  the  elemeDtaiy  symbolB,  below  the  symbols 
instead  of  above  them,  as  CO,  instead  of  CO',  C.Hs  instead  of  G^*  &c.  The  object 
of  this  latter  alteration  was  to  prevent  the  possibility  of  the  coefficients  employed  in 
chemical  formulffi  being  supposed  to  have  the  same  meaning  as  the  similarly  placed 
exponents  in  mathematical  formulse.  Mitscherlich,  with  the  same  object,  avoided  the 
use  of  the  small  numerals  altogether;  thus  for  instance  he  wrote  chloride  of  benzoyl 
fusing  the  atomic  weights  of  the  period)  14C10H2O2C1  mstead  of  C"H»»0«C1«.  The 
oanger  to  be  avoided  was  not  however  so  great  as  to  necessitate  either  of  these  expe- 
dients. 

At  first,  even  after  thev  had  assumed  almost  completely  their  modem  form,  chemical 
formulffi  were  not  so  much  used  to  express  processes  of  chemical  change,  as  to  denote 
the  composition  of  individual  substances.  When  they  were  used  to  express  a  reaction 
the  arrangement  of  the  symbols  was  usually  different  from  that  now  commonly  adopted. 
As  a  general  rule,  instead  of  a  chemical  equation  as  now  written,  the  formulsB  of  the 
reagents  were  written  one  under  the  other,  the  similar  atoms  being  added  together,  and 
the  same  was  done  with  the  formulss  of  the  products,  and  the  sign  =  was  placed 
between  the  two  sums.  For  example,  the  transformation  of  prussic  acid  and  water 
into  formic  acid  ammonia  is  thus  represented  in  Liebig's  treatise  on  Organic  Chemistry : 

**  1  equiv.  of  hydrocyanic  acid,  N"CTI*     \       (I  equiv.  of  ammonia      .     N*    H* 
3  equiv.  of  water       .        . H*0*  I-  =»  j  1  equiv.  of  formic  acid  .         CHK)' 

But  the  more  modem  form  of  chemical  equation  with  the  sign  -i-  was  likewise  used  not 
unfrequently,  the  idea  of  expressing  chemical  changes  in  this  way  dating  in  fact  from 
Lavoisier,  in  whose  TVaitS  iUmentaire  de  Chinue  (Partie,  i.  chap,  xiii.)  there  occurs  a 
true  chemical  equation :  namely, 

"  Mo{it  de  raisin  «  acide  carbonique  -f  aleool" 

Turner,  Johnston,  and  Graham  were  among  the  first  British  chemists  who 
adopted  Berzelius's  notation,  and  the  earliest  English  elementary  work  into  which 
it  was  introduced  was  the  third  edition  of  Turner's  ElemenU  of  Chemistry.  For 
some  time,  however,  the  use  of  the  symbolic  notation  met  with  considerable  oppo- 
sition in  this  country,  a  certain  number  of  chemists,  one  of  the  most  considerable 
of  whom  was  Richard  Phillips,  objecting  to  the  system  as  a  whole;  while  in 
other  Quarters  objection  was  taken  to  the  use  of  mathematical  signs  in  a  sense  some- 
what different  from  that  which  they  bore  in  mathematics.  Dr.  W  he  we  11,  who  was 
one  of  the  most  strenuous  opponents  of  Berzelius's  notation  upon  this  ground,  en- 
deavoured to  replace  it  by  a  system  in  which  the  mathematical  meaning  of  the  sisns 
was  more  closely  adhered  to.  But  whatever  may  have  been  the  merits  of  Whewell's 
notation,  it  was  so  far  from  corresponding  to  the  actual  requirements  of  chemical 
science,  that  it  never  came  into  use,  and  it  is  sufficient  here  to  have  referred  to  it. 

[For  particulars  of  the  controversy  above  alluded  to,  see  Whewell,  On  the  employ' 
inent  of  Notation  in  Chemistry^  Jouro.  Roy.  Inst,  i.  347,  May  1831. — Prideaux,  Reply  to 
Whewell^  advocating  Berzdiv^s  System^  PhiL  Mag.  Ann.  N.  S.  x.  104,  Aug.  1831. — 
Warington,  On  Chemical  Symbols^  with  remarks  on  Whewell's  paper,  PhiL  Mag. 
Joum.  i.  181. — ^Berzelius,  Reply  to  Whewell,  Jahresb.  xv.  201. — ^Whewell,  Reply  to 
Berzeliua,  Phil.  Mag.  Joum.  iv.  9. — ^R.  Phillips,  On  the  use  of  Chemical  Symbols, 
ibid.  iii.  443 ;  iv.  246. — Prideaux,  Replies  to  Phillips,  ibid.  iv.  411;  464. — Graham,  Replies 
to  Phillips,  ibid.  iv.  106  ;  402. — ^Whewell's  system  of  notation  may  also  be  found  in 
Brande's  Manual  of  Chemistry,  5th  edit  1841.] 

The  important  modifications  or  extensions  which  the  notation  of  chemistry  has 
received  smce  the  time  of  Berzelius,  are  not  numerous.  Among  the  most  valuable  we 
may  mention  the  introduction,  b^  Gerhardt^  of  "general  formulae/'  in  which  letters  of 
variable  value  are  used  as  coefficients  instead  of  numbers,  and  0  dl  i  n  g '  s  method  of  de- 
noting the  atomicity  of  polyatomic  elements  and  radicles  by  means  of  accents  placed 
above  their  symbols.    (Chem.  Soc.  Qu.  J.  vii  1.) 

The  consideration  of  the  quantitative  value  of  the  symbols  of  the  elements  does  not 
come  within  the  scope  of  this  article,  and  has  moreover  been  fully  discussed  in  previous 
articles  to  which  we  must  refer  (Atomic  Wbiohts,  i.  462 ;  Equtvalhnts,  li.  491 ; 
Mbtals,  Atomic  Wbiqhts  and  Classification  of,  iii.  967).  The  various  opinions 
that  have  been  held  of  late  years  in  relation  to  this  subject^  have  howeve:^  introduced  a* 
good  deal  of  confusion  into  chemical  notation,  and  have  caused  the  more  or  less  general 
adoption  of  a  variety  of  expedients  for  avoiding  the  consequent  ambiguity.  Such  of 
these  as  are  employed  in  the  present  work  are  explained  below. 

It  now  only  remains  to  explain  the  rules  which  arc  generally  followed  by  the  leading 
chemists  of  the  present  day  with  respect  to  chemiod  notation,  and  especially  those 
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which  arc  adopted  in  this  work.  The  symbols  employed  to  represent  atomic  propor- 
tions of  the  several  elementary  bodies,  form  the  basis  of  this  notation.  A  table  of 
these  symbols,  and  of  their  numerical  rallies,  has  already  been  given  at  pages  464 
and  465  of  vol  i. ;  we  ma^  therefore  assume  that  they  are  known.  Compound  bodies 
are  represented  by  the  juxtaposition  of  the  symbols  of  the  elementary  atoms  which 
enter  into  the  composition  of  one  molecule.  A  single  atom  is  represented  in  the 
formula  of  a  compound,  by  the  corresponding  symbol  without  any  addition;  two 
or  more  atoms  are  represent-ed,  either  by  a  repetition  of  the  symbol,  or  by  placing 
after  it  a  small  numeral,  above  or  below  the  line.  For  example,  the  formula  CHNO 
represents  cyanic  acid,  one  molecule  of  which  contains  one  atom  of  carbon,  one  atom  of 
hydrogen,  one  atom  of  nitrogen,  and  one  atom  of  oxygen ;  HHO,  or  H'O,  or  H^O,  re- 
presents the  compound  of  2  at  hydrogen  with  I  at  oxygen;  C*H*N'0'  repre- 
sents a  molecule  of  oxamide  containing  2  at  carbon,  4  at  hydrogen,  2  at.  nitrogen, 
and  2  at.  oxygen.  Sometimes  it  is  required  to  represent  the  fact  that  in  some 
paztacular  reaction,  or  set  of  reactions,  certain  atoms  of  a  compound  act  differ- 
ently from  the  remainder:  in  such  a  case  the  symbols  of  the  atoms  in  question 
are  usually  inclosed  within  brackets,  a  numeral  being  added  outside  when  needful, 
which  then  multiplies  all  the  symbols  contained  between  the  brackets.  For  instance, 
in  order  to  e:q>re8s  that  in  monethylic  succinate  the  group  of  atoms  C^^  behaves  in 
many  reactions  differently  from  the  rest,  the  formula  of  the  compound  may  be  written 
C*H*(C*H*)0*,  instead  of  C*H'*0* ;  similarly,  diethylic  succinate  may  be  written  thus, 
C*n\C*B^yO\  instead  of  C«H"0^  If  for  any  reason  it  is  desired  to  caU  special 
attention  to  certain  symbols  which  are  already  contained  within  brackets  together  with 
others,  this  may  be  done  by  placing  a  viriculum  over  them,  or  by  putting  them  between 
round  brackets,  and  the  laj*ger  bracketed  group  of  which  they  form  part  between 
square  brackets.  Thus,  suppose  we  want  to  write  the  formula  of  ethylic  dichloraoetate 
in  sudi  a  manner  as  to  call  attention  at  once  to  the  particular  functions  of  the  groups 
constituting-  the  radicles  ethyl  and  dichloracetyl,  and  to  the  fSact  that  the  number  of 
chlorine  and  hydrogen-atoms  in  dichloracetyl  is  equal  to  the  number  of  hydrogen 
atoms  in  acetyl — this  may  be  done  in  one  of  the  following  ways : 

(C«HCr«OXC»H»)0,  or  [C«(Ha*)0](C«H»)0. 

Another  method  of  pointing  out  the  relation  between  substitution-derivatives  and  the 
corresponding  normal  compounds,  is  to  place  the  symbols  of  the  substituting  atoms  at 
the  same  part  of  the  formula  as  would  otherwise  have  been  occupied  by  the  symbols 
of  the  atoms  whose  place  they  have  taken,  writing  them  when  nc^ftd  above  or  below 

■NO* 
the  line.    For  example,  nitrobenzoic  acid  may  be  represented  thus,  Cr"  -afi^f  to  ex- 
press the  fact  that  the  atoms  NO'  have  taken  the  place  occupied  by  an  atom  of  hydro- 
gen in  the  normal  compound  C'H'O* ;  similarly,  dibromo-trichloro-naphthalene  may  be 

Bi* 
written  G'*C1'.    This  mode  of  arranging  symbols  in  a  formula  is  especially  used  to 

H« 
represent  the  constitution  of  bodies  which  may  be  conceived  as  formed  by  the  substitu- 
tion of  other  atoms  or  radicles  for  hydrogen  in  the  typical  compounds  HCl,  IPO,  H'N, 

&c. ;  e.  ff,  ethylic  acetate  when  compared  to  the  type  H*0  is  often  written   n^^sQ^  ^' 

CTI*  )  ^"* 

^HH)  [  0;  similarly  diethylamine,  when  compared  to  the  ^rpeH'N,isoften  written  CH*N 

or  ^   u  ^  N  or  ^    H     ( ^'  ^^    ^  order  to  fiidlitate  comparison,  the  formulse  of  the 

primitive  types  are  often  written  in  the  same  manner ;  as  water  -gO  or  -q-  [  0,   ammo- 

H         Hj  J 

Dia  HN  or  H  VN.    The  use  of  a  brace  r  in  such  formule  has  no  other  object  than  to 

indicate  a  little  more  clearly  the  exact  relative  positions  of  the  symbols,  and  thereby 
the  supposed  order  of  combination  of  the  atoms  they  represent 

In  order  to  represent  chemical  changes  by  means  of  symbols,  the  'formulas  of  the  re- 
acting bodies  are  written  on  one  side  of  an  equation,  and  the  formulae  of  the  products 
on  the  other,  the  several  terms  on  each  side  being  separated  by  the  sign  -t- ,  as — 

NKO«     +     SHH)*     -    NHO«     +     SHKO*; 

or,  if  it  is  desired  to  direct  special  attention  to  some  one  product^  this  is  placed  alone 
on  one  side  of  the  equation,  as 

NHO*     +     KHO     -     H«0     -     NKO". 


142  NOTATION. 

With  regard  to  the  meaning  of  the  algebraic  signs  «=,  +  and  —  in  chemical  equations, 
it  must  be  observed  that  the  sign  »  expresses  merely  equaUty  in  weight ;  the  sign  + , 
that  two  substances  between  whose  formulae  it  is  placed  are  rmxed  together;  and  the  sign 
—I  the  separation  or  removal  from  each  other  of  two  substances.  Sometimes  howeyer 
we  meet  with  the  sign  +  used  to  denote  combination ;  but  such  an  employment  of  it  is 
apt  to  lead  to  great  confusion  and  ought  always  to  be  ayoided. 

If  two  or  more  molecules  take  part  in  or  result  from  a  reaction,  the  number  of  mole- 
cules is  expressed  by  a  full-sized  numeral  preceding  the  forQiula  of  the  substance  in 
question :  thus  when  chlorine  is  prepared  by  heating  a  mixture  of  chloride  of  sodium, 
manganic  dioxide,  and  sulphuric  acid,  the  reaction  takes  place  between  two  molecules 
of  the  chloride,  one  molecnle  of  the  oxide,  and  two  molecules  of  the  add,  and  is  con- 
sequently represented  by  an  equation  thus — 

2NaCl  +  Mn«0«  +   2BPS0*  -  Na'SO*  +  Mn«SO*  +   2HK)   +  CP. 

The.  manner  in  which  the  laree  and  small  numerals  are  employed  in  chemical  formulae 
will  bo  easily  understood,  if  it  is  borne  in  mind  that  the  use  of  the  former  is  to  multi- 
ply the  formulae  of  molecules,  while  that  of  the  latter  is  to  multiply  the  symbols  of  atoms, 
or  the  formulae  of  radicles  behaving  like  atoms.  Sometimes  these  coefficients  are  inter- 
changed, but  this  is  always  incorrect,  as  their  true  meaning  is  quite  distinct,  for  instance 
the  formula  C^H'  cannot  have  the  same  meaning  as  2C^H*;  similany  two  molecules  of  water 
ought  always  to  be  written  2H^0,  not  H*0',  which  would,  strictly  speaking,  be  the  form- 
ula of  a  compound  one  molcule  of  which  contained  four  atoms  of  hydrogen  and  two  atoms 
of  oxygen.  A  similar  remark  applies  to  small  numerals  employed  to  multiply  a  group  of 
symbob  inclosed  within  brackets :  e,g,  (C^H*0)'  should  not  be  written  (C^H*0')  ncsrviee 
versd.  When  the  formula  to  be  multiplied  by  prefixing  a  large  numeral  is  already  broken 
up^  by  some  of  the  symbols  being  contained  within  brackets  or  otherwise,  it  is  well,  in 
order  to  avoid  possible  misconception,  to  inclose  the  whole  formula  sgain  in  brackets, 
putting  the  numeral  outside.  Thus,  if  the  formula  of  two  molecules  of  alcohol  were  writ- 
ten 2(C'H*)H0,  the  2  might  be  supposed  to  multiply  only  the  symbols  between  the 
brackets:  to  avoid  any  ambiguity  it  would  be  better  to  write  2r(C^H*)H0]. 

Sometimes  the  symbols  making  up  the  formula  of  a  single  molecule  are  separated  by 
tkpointf  as  Na'SOMOH'O.  The  proper  meaning  of  this  sign  is  to  denote  that  if  the 
atoms  represented  by  the  symbols  on  cither  side  of  it  are  removed,  one  or  more  com- 
plete molecules  will  still  be  loft.  When  a  numerical  coefficient  is  prefixed  to  such  a 
formula^  its  multiplying  power  extends  only  to  the  symbols  preceding  the  point :  thus 
the  formula  2EGl.SbCl*  is  not  equivalent  to  2(KCl.SbCl').  When  the  numeral  is  in- 
tended to  apply  to  the  whole  formula,  this  should  always  be  placed  within  brackets. 

In  the  application  of  chemical  formulae  to  mineralogy,  it  is  often  needful  to  be  able 
to  represent  the  general  composition  of  a  mineral,  the  composition  of  particular  speci- 
mens of  which  may  vary  considerably,  in  consequence  of  the  more  or  less  complete 
replacement  of  one  constituent  by  one  or  more  others,  isomorpbous  with  it.  Thus 
the  formula  of  normal  orthodase  or  potash-felspar  is  XAl^i'O*,  but  the  composition 
of  the  mineral  often  differs  considerably  from  that  represented  by  this  formula,  the 
potassium  being  partially  replaced  by  an  equivalent  quantity  of  sodium,  magnesium, 
or  calcium,  and  the  aluminium  partially  replaced  by  iron.  This  variability  of  compo- 
sition is  expressed  by  writing  the  formula  thus : 

(K;  Na;  Mg;  Ca)(Al;  Fe)»Si«0« 

which  signifies  that  each  molecule  contains  a  quantity  of  potassium,  sodium,  magnesium, 
and  calcium  which  is  together  equivalent  to  one  atom  of  potassium,  and  a  quantity  of 
aluminium  and  iron  which  is  altogether  equivalent  to  two  atoms  of  aluminium. 

The  symbols  given  in  the  table  already  referred  to  (L  464,  465)  represent  in  nearly 
all  cases  the  atomic  weights  adopted  byGerhardt;  but  in  addition  to  these,  other 
scales  of  atomic  weights  are  in  use  which  it  is  often  needful  to  distinguish  by  the  em- 
ployment of  different  symbols.  In  the  first  place,  there  is  the  scale  adopted  in 
"  Gmelin's  Handbook  of  Chemistry,"  and  some  years  ago  almost  universally  employed 
in  this  country :  when  formulae  founded  upon  this  scale  are  used  in  this  work,  they  are 
distinguished  by  being  printed  in  italics.  Secondly,  in  order  to  denote  atomic  wei^ts 
twice  as  great  as  those  assumed  by  Oerhardt,  the  ordinary  symbol  is  changed  by  the 
reduplication  of  its  first  consonant,  as  Ppb,  Ffe,  All,  &c,  or  a  horizontal  stroke  is  drawn 
through  it,  as  Pb,  Fe,  ^1,  &c.  These  modes  of  notation  are  not  employed  precisely  in 
the  same  way  by  all  chemists,  but  as  spedal  methods  are  seldom  adopted  without  the 
necessary  explanations  being  given  at  the  same  time,  we  need  not  enter  into  furthev 
detail.  It  is  greatly  to  be  desired  that  all  chemists  should  agree  in  regarding  the 
modified  notations  now  in  use,  as  merely  temporary  expedients,  and  that  they  should  aim 
at  returning  as  soon  as  practicable  to  tne  uniform  and  sole  use  of  the  symbols  originally 
proposed  by  Berzelius. 

G.  C.  F. 
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Palagonita  from  Val  do  Koto. 

A  substance  contained  in  green  walnnt-sliells.  It  is  prepared  by  mixing 
the  ethereal  extract  of  the  shells  with  a  perfectly  neutral  solution  of  cupric  sulphate  tiS 
it  asemncs  a  pure  blood-red  colour;  then  decanting  and  filtering,  and  cautiously 
adding  nitric  acid  (aroiding  an  excess)  till  the  red  colour  changes  to  blue-green.  The 
nncin  is  thereby  set  free,  and  by  dissolying  it  in  ether  and  evaporating  over  oil  of  vitriol, 
may  be  obtained  in  the  form  of  a  vellow  powder  composed  of  microscopic  needles.  It 
18  insoluble  in  water,  sparingly  soluble  in  alcohol,  sublimes  at  a  little  above  100^  (or 
according  to  later  experiments,  somewhat  below  90°),  in  reddish-yellow  needles'.  Am- 
monia, fixed  alkalis,  and  salts  having  an  alkaline  reaction,  impart  to  it  a  splendid  red 
colour.  The  red  ammoniacal  solution  mixed  with  hydrochlonc  acid  deposits  a  brown- 
red  flooculent  precipitate,  soluble  with  red  colour  in  ammonia.  Nucin  is  free  from  nitro- 
fen,  but  its  exact  composition  has  not  been  determined.  (Vogel  and  Beischauer, 
ahresb.  1856,  p.  693;  1868,  p.  633.) 

The  name  ifudn  has  also  been  applied  to  a  brown  resinous  substance  found  by 
Biandes  in  the  hard  shell  of  the  cocoa-nut. 


A  name  applied,  sometimes  to  the  albuminous  constituent  of  the 
ciystaUine  lens  (Handworteroueh,  v.  623),  sometimes  to  the  substance  forming  the 
nucleus  of  the  blood-cells.    (Lehmann^s  Fhysiological  Chemistry,  ii.  186.) 

VUCKBVB  TBBOST.  ThiorWdes  Noyaux.  Kemtheorie. — A  theory  of  the 
eonstitudon  of  oiganic  compounds,  devised  by  Laurent  (Ann.  Ch.  Fhys.  [21  bd. 
125X  and  adopted,  with  some  modifications,  by  Leopold  Gmelin  in  his  "Handbook 
of  Chemiatry,"  (English  edition,  voL  vii.  p.  18).  It  supposes  all  organic  compounds 
to  be  formed  firam  certain  hydrocarbons  containing  even  numbers  of  carbon  and 
hydrogen-atoms,*  e,  g.  Ethylene  OH*,  Amylene  C'»H",  Benzene  C"H*,  Naphtha- 
lene C*H'.  These  are  called  Primary  Nuclei;  and  from  them  ore  formed 
Secondary  Nuclei  by  substitution  of  chlorine,  bromine,  oxygen,  sulphur,  nitiyl 
(NO*),  amidogen  (NH*),  &c.  for  equivalent  quantities  of  hydrogen,  e,  g,  from  naphthalene 
the  secondary  nuclei,  C^H'9,  C»»H»Br=,  C»H»C1*,  C-H«(NO*)«,  &c,  &c  Further,  both 
primary  and  secondary  nuclei  are  capable  of  attaching  to  themselves  externally,  as  it  were, 
certain  atoms  or  groups  of  atoms,  always  in  even  numbers,  thereby  producmg  alcohols, 
ethers,  acids,  idkaloids,  &c.,&c  Thus  ethylene,  C*H*,  by  addition  of  the  group  HO, 
produces  ether,  C*H«.HO  «  C*H»0 ;  with  HK)*  it  forms  alcohol,  C*H*.H»0»  =  C*H«0« ; 
with  O',  aldehyde;  with  0*,  acetic  acid,  &c. ;  again,  from  the  secondary  nucleus  diox- 
ethylene,  C*H'0»  is  formed  oxalic  acid,  OH'O^.O*  =  C*H«0»;  trichlorethylene,C*Cl«H, 
with  O*  forms  chloral,  C*C1"H.0» ;— ^midethylene,  C*(NH«)H»  or  C*AdH«,  yields 
aeetamide,  C*AdH».0»  «  C*H»NO«,  and  ethylamine,  C*AdHMP  =  OH'N,  &c. 

Lastly,  the  compounds  thus  formed  are  capable  of  uniting  with  others  both  organic 
and  inorganic,  forming  what  are  called  conjugated  compounds,  including  the  so-odled 
compound  ethers^  coi\)ugated  acids,  &c. 

Thus,  in  the  ethylene  series,  we  have  neutral  ethylic  phosphate, 3C*H*0.P0*;  ethylic 
biborate,  C*H»0.2B0» ;  ethyl-sulphuric  acid,  0*H«0«.2S0«;  xanthic  acid,  OH*0«.2CS«; 
bichloiocarbonic  ether,  C*C1*IP0.C0« ;  perchloro-carbonic  ether,  C*a*0.C0«;  terchlor- 
ethylic  acetate,  C*C1»H«0.C*H«0» ;  carbamic  ether  or  urethane,  C*AdH*.2C0« ;  taurine, 
C*AdH»  2S0*,  &C. 

As  a  further  illustration,  we  give  the  entire  series  of  compounds  derived  from  the 
amylene,  C^*H**  (Handbook,  voL  xL). 


FfiiH4BT  Nucleus,  C"H". 


Amylene,  C»'»H" 
Amylic  Hydride,  C»»H".H« 
AmyUc  Ether,  C»»H»».HO 
Amylic  Alcohol,  C"H'».H«0« 
Valeraldide,  C"H».0« 
Valerianic  acid,  C"H»0* 


Amylic  Sulphide,  C>»H".HS 
Amylic  Mewaptan,  C»*H!».H^ 
Amylic  Iodide,  0"H»*.HI 
AmyHc  Bromide,  C»«H".HBr 
Amylic  Chloride,  C»*H»«.HC1 
TeUununyl,  0»*H>«.HTe 


CoT^'ugated  Compounds  of  the  Primary  Niideue,  C"H>*. 

Amylic  Carbonate       .  .  CWH"CO»     -  C"H"0.C0* 

Tribasie  Amylic  Borate  C»H«^0«     =  8C>»H"030« 

Amylic  Biborate  .  .  C»»H»B»0»    »  C>«H"0.2B0» 

AmyHc  Phosphite        .  .  C*»H»PO«     =  2C'«H»»0.PH0* 

Amylophosphorous  add  .  C"H»«FO«    =  C'»H'«0«J>HO* 

•  Thesymbolf  nsed  in  thU  article  have  the  Mine  valaes  as  in  GmeUD'a  Haadbook ;  H  =  1,  C  ss  6, 
O  =  8,  S  a  le,  Ac 
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Conjugated  Compounds  {continue^. 


Amylophosphoric  acid 

Amylosulphnrous  acid 

Amylosulphuric  acid 

Amylxanthic  acid 

Methylamylic  Oxysulphocarbonate 

Ethyl-amylic  Oxysulphocarboiiate 

Amylic  Diozysalphocarbonate 

Amylic  Nitrite 

Amylic  Nitrate 

Bibasic  Silicate  of  Amyl 

Amylic  Formate 

AmyUc  Ghloroformate 

Methylic  Valerate 

Amylic  Cyanide 

Amylic  Sulpbocyanide 

Amylic  Acetate 

Amylic  Ghloracetate 

Ethylic  Valerate 

Amylic  Oxalate  . 

Amyloxalic  add 

Honoyalerin 

Bivalerin     . 

Triyalerin  . 

Valerone 

Valeracetone 

Amylomalic  acid 

Amylic  Valerate 


Ci»H»«PO« 
C"H>«SH)« 

C»«H"0«S< 

C»*H»<0*S* 

C»«H'«0»S* 

C'*H"0«S< 

C'«H"NO* 

C"H"NO« 

C»H«SiO* 

C»*H»»0* 

C«H»'C10« 

C«H"0* 

C'»NH»' 

C»«NH"S« 

C"H"0* 

C'*C1«H'»0« 

C'*H"0* 

C»*H»K)* 
C'«H>»0« 

C»*H«0>« 

C"H'»0« 

C»«H"0« 

C"H»«0»» 

C»H»0* 


C'»H»K)«PHO« 

C>*H'*0*.2S0« 

C'«H>«0«2S0« 

C>«H"0».2CSK) 

C"H"(C*H»)0«.2CS» 

C'»H"(C*H»)0*.2CS« 

ci«h"oh:j.^*o 

C'»H"O.NO« 

C"H"O.NO* 

2C"H"O.SiO» 

C"H"O.C*HO« 

C*«H"0.C«C10« 

C«H»O.C'«H»0« 

C»»H".C»NH 

C"H".C«NHS« 

CWH"O.C*H»0« 

(?»H"O.C*a«HO« 

C*HH).C»«H»0» 

2C'«H"0.C«O» 

C"H>H)*.CK)« 

C«H»0«.C"H»0* 

C!«H«0«(C'»H«0*)* 

C«HK)«.(C"H»0«)» 

C»»H"0».C«H» 

C'«H»»0«.C«H». 

C»H»K)«.C»H*0« 

C»*H"O.C"H»0« 


SBCOin)ABT  Nucuo. 


Ox^ffen-nucleuSf  C'*H»0. 
Valerianic  anhydride    =  C'»H»0.0« 

Oxygen-nuclmt,  C'«HH)«. 
Pyrotartaric  acid  «  C»»H«0*.0« 

Oxygen-nucleuB,  C>»H«0*. 
pyrotartaric  anhydride,  C"HW.O« 


Chlorine-nucleus,  C>•a'H^ 
Trichloiovalerianic  acid,  C»*a»H».0* 

Chlorine-nucleus,  C'»C1*H«. 
Tetrachlorovalerianic  acid,  C»»C1*H«.0« 


Amidogen-nucleus,  C"(NH«)H»  -  C"AdH». 


Amylamine 

Diamylamine     . 

Methyl-ethyl-amylamine 

Dicthyl-amylamine 

Triamylamine    . 

Methvl-diethyl-amylamine 

Triethyl-amylanune 

Tetramylamine  . 

Valeramide 

Amylurethano    . 

Oxamylane 

Sincaline   . 

Xanthamylamide 


C^NH" 

C»NH" 

C'NH" 

C"NH« 

C»NH« 

C»NH« 

C«NH» 

C«»NH« 

C'«NH"0« 

C»«NH»>0* 

Ci*NH»»0« 

C>«NH>K)* 

C»NH»^0« 


C"Adfl».H«      • 

C"Ad(C'»H")H».BP 

C'«Ad(C«H«)(C*H*)H'.H» 

C'«Ad(C«H»)«H'.H* 

C»»Ad(C»H")«H'.E« 

C'«Ad(C«H«)(C*H»)»H«.H» 

C'*Ad(C«H»)»H«.H« 

C'«Ad(C'»H'>)»H».H« 

C'«AdH».0« 

C"AdH".2C0» 

C"AdH".C*0» 

C"AdH".0» 

C"AdH".CS«CO». 


Amidogen-mucleus,  C"Ad*H*0*. 
InoBic  acid,  C'»N«H«0»«  -  C»»Ad«H«0«.0* 


Azo-nucleus,  C"NH». 
Valeronitrile,  C"NH» 


Amylene-urea    . 

Valeiyl-urea 

Amyl-piperidine 


Cof^'ugated  Compounds, 

.  C"N«H"0«  = 
.  C»«N*H»«0*  « 
.    C"NH« 


C»H".C*N«H*0« 

C"H»0«.C«N«H*0» 

C>*H'».C»«AdH» 


The  nudeufl  theory  has  not  been  adopted  in  any  other  systematic  work  on  Organic 
Chemistry,  and  it  is  perhaps  unfortunate  that  Gmeliu  should  have  made  it  the  basis  of 
his  arrangement  of  oiganic  compounds ;  for  it  is  entirely  artificial,  often  bringing  into 
dose  proximity  compounds  which  have  little  or  no  natural  relation  to  one  another, 
and  has  moreoyer  the  radical  defect  of  representing  oi^ganie  compounds  as  a  class  of 
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bodies  quite  distinct  firom  inoigaDic  compound^),  a  distinction  whicli  recent  inyestiga- 
tioDS  have  shown  to  have  no  existence  in  nature.  Still  as  an  artificial  system  it  is 
pediaps  as  convenient  as  any  other,  and  enables  ns  with  facility  to  arrange  and  classify 
nenxlj  all  organic  bodies  whose  composition  has  been  weU  made  out,  as  may  be  seen 
hj  reference  to  the  preceding  table,  and  further  to  the  Tables  of  Contents  of  the  several 
volumes  of  Gmelin's  Handbook  relating  to  oiganic  chemistry  (vols.  vii.-xvi).  The 
objection  sometimes  urged  against  it  that  the  number  of  carbon-atoms  in  a  compound 
must  be  known  before  its  place  in  the  system  can  be  detennined,  is  not  of  much  force ; 
for  no  system  that  could  be  devised  would  enable  an  enquirer  to  find  the  place  of  any 
given  compound  in  it  without  knowing  something  about  its  constitution.  A  more 
tenons  objection  to  the  system  is  that  many  compounds  cannot  be  arranged  under  it 
at  alL  Such  compounds  are  placed  in  the  Handbook  as  Appendices  to  me  groups  to 
which  they  appear  to  have  the  closest  affinity.  Thus,  under  the  head  of  oompoundci 
containing  32  carbon-atoms,  linseed-oil  and  other  drying  oils  are  placed  in  an  appen- 
dix to  Linoleic  add;  fish-oils  as  an  appendix  to  Physetoleic  acid ;  and  the  solid  natural 
frts,  as  an  appendix  to  the  Cetylene  series  in  general  This  defect^  however,  is  not 
pecoliar  to  the  nucleus-theory :  indeed  in  classifying  compounds  according  to  the  radide- 
theoiy,  we  meet  with  at  least  an  equal  number  of  compoimds  which  at  present  appear 
intractable :  in  Gerhardt's  TVaite  de  CJdmie  organigue,  for  example,  which  is  arranged 
aooording  to  that  theory,  about  a  fourth  of  the  entire  space  is  taken  up  with  the  des- 
diption  of  "  Corps  a  s^ier.'* 

or  WW.    See  Classification  (i.  1011). 

An   impure  pyromorphite  containing    arsenate  of  lead,  from 
Nufiii^re,  Dep.  of  Rhone,  France. 

WOT  OSb8.  Hazel-nuts,  the  seed  of  Corylus  AveUana,  yield  60  per  cent  of  a 
ooburleos  or  pale  yellow  oil  having  a  sweet  taste,  and  a  specific  gravity  of  0 '9242  at  15^, 
It  solidifies  at  —10°  The  cold-pressed  oil  was  found  by  Lefort  to  contain  76*65 — 
77'15per  cent,  carbon,  11*46 — 11-73  hydrogen  and  11-89 — 11*12  oxygen.  It  forms 
with  chlorine  a  colourless  compound  ratlier  thicker  than  the  oil  itself,  of  specific 
gravity  1081  at  3-5°,  and  containing 21 -06 — 2025  per  cent  chlorine.  The braminated 
oil  is  yellowish,  of  the  same  consistence  as  the  chlorine-compound,  of  specific  gravity 
1*280  at  2*3°,  and  containing  from  36*35  to  36*58  per  cent,  bromine. 

Walnut-oil  from  the  kernel  oiJuglana  regia^  commonly  called  nxU  oil,  is  greenish 
when  newly  prepared,  but  becomes  pale-yellow  by  keeping.  Specific  gravity  0-9283  at 
12^  0*9194  at  25^,  and  0*871  at  94^.  It  is  inodorous  and  has  an  agreeable  taste.  It 
thickens  at  — 15°  and  solidifies  to  a  white  mass  at  —  27*5°  (Saussure).  It  dries  more 
quickly  than  linseed-oil,  and  is  therefore  much  used  in  painting. 

It  contains,  according  to  Lefort,  70*7  per  cent  carbon,  11*5  hydrogen*  and  17*8 
os^n.  Forms  a  soft  soap  with  potash.  Walnuts  yield  as  much  as  50  per  cent  of 
this  oil. 

Chlorine  converts  walnut-oil  into  a  light  yellow  butter  of  the  consistence  of  thick 
honey :  specific  gravity  1*111  at  12°,  and  containing  27*12 — 27*25  per  cent  chlorine. 
The  orominated  oil  has  the  same  consistence,  a  specific  gravity  of  1*409  at  17'5°,  and 
contains  46*84 — 46*75  per  cent  bromine.    (Gerh.  ii.  898.) 


Nutmegs,  the  seed  of  MyrUHca  aromaiica  (or  M.  moschaia), 
yield  by  distillation  with  water,  about  6  per  cent,  of  a  transparent,  nearly  colourless, 
iDobOe,  volatfle  oil  of  specific  gravity  0*948  (Lewis),  0*920  (Bley),  having  the  odour 
of  nutmeg,  and  an  aromatic  burning  taste.  It  contains  81*1  percent  carbon,  10*8 
hydrogen,  and  8*0  oxygen,  and  is  a  mixture  of  an  oil  imd  a  camphor.  It  dissolves  in 
alcohol  and  forms  a  soapy  mass  with  alkalis. 

The  oil  when  left  to  stand  deposits  a  camphor  or  stearoptene  called  myristicin, 
which  dissolves  easily  in  boiling  vrater  and  crystallises  therefrom  on  cooling  in  trans- 
parent colourless,  long,  very  thin  prisms  with  dihedral  summits,  or  by  rapid  crystallis- 
ation in  stellate  groups  of  needles.  It  dissolves  also  in  cold  nitric  acid  and  in  aqueous 
potash,  easily  in  alconol  and  ether,  and  in  warm  oils,  both  fixed  and  volatile.  Contains 
62*1  per  cent,  carbon,  10*6  hydrogen,  and  27*3  oxygen  (Mulder),  agreeing  nearly  with 
the  formula  C'H^O".  It  melts  above  100°,  and  sublimes  completely  at  a  higher 
temperature  in  white  yery  slender  needles.  It  absorbs  11*8  per  cent,  hyorochloric  acid 
gas,  melting  to  a  transparent  mass,  the  aqueous  solution  of  which  is  precipitated  by 
nitrate  of  silver.    (Gm.  xvi.  391.) 

The  volatile  oil  obtained  from  mace  or  the  arillns  of  nutmeg  and  the  fixed  oil  or 
butter  called  my rist in,  expressed  fh>m  the  seeds,  haye  been  already  described  (iii  740 
and  1073). 


The  word  "nutrition"  as  applied  to  animals  is 
employed  by  physiologists  in  two  somewhat  different  senses.     They  often  use  it  in 
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flpeakiDg  of  the  morphological  laws  according  to  which  the  parts  of  an  animal  decrease 
or  increase  relatively  to  the  whole  mass  of  the  animal  and  thereby  bring  about  changes 
in  form.  It  is  more  commonly  used  (and  only  so  here)  to  denote,  irrespective  of  form, 
the  sum  totalof  the  processes  through  which  the  animal  body  is  built  up  and  sustained, 
both  as  to  its  material  and  as  to  ite  forces,  by  that  fraction  of  the  external  world  which 
it  takes  into  itself  from  time  to  time  under  ^e  name  of  **  food."  Eyeiy  animal  con- 
tinually sets  free  from  itself  during  its  lifetime  a  certain  amount  of  material  and  a 
certain  amount  of  force ;  and  the  laws  of  nutrition  mean  the  laws  according  to  which 
that  loss  is  continually  replenished  from  the  first  moment  of  the  animal's  existence  to 
its  final  dissolution.  The  necessity  of  sach  a  continual  waste  and  renewal,  though  a 
problem  of  great  obscurity,  so  long  as  the  older  theories  of  vital  action  were  bdieved 
in,  becomes  clear  when  the  facts  are  studied  in  the  light  of  the  theory  of  the  cousenra- 
tion  of  forces.  While  the  waste  of  material  in  any  vital  action  was  supposed  to  be 
caused  by  the  vital  act — ^while,  for  instance,  the  waste  of  muscular  substance  in  muscu- 
lar contraction,  was  supposed  to  be  caused  by  the  play  in  the  muscular  fibre  of  some 
immaterial  thing  called  vital  force — it  was  difficult  to  connect  stringentlv  together  the 
work  and  waste  as  cause  and  effect,  and  to  show  why  the  action  of  the  immaterial 
principle  should  necessitate  the  destruction  of  the  material  substance.  The  difficulty 
however  vanishes  as  soon  as  we  lay  aside  the  idea  of  any  particular  vital  fbrce  or  fbrcee, 
and  r^ard  the  force  exerted  by  an  animal  upOD  the  world  outside  it^  as  having  been 
previously  stored  up  within  the  tissues  of  the  body  as  latent  energy,  and  as  being  set 
free  in  various  forms  of  actual  eneigy  by  their  decomposition.  From  this  point  of  view, 
the  force  becomes  the  result,  not  the  cause,  of  the  waste ;  and  a  renewal  of  the  body  is 
necessazy,  not  in  order  that  the  vital  force  may  have  new  material  through  which  to 
play,  but  because  fresh  latent  ener^  embodied  in  new  material  is  from  time  to  time 
wanted  for  the  production  of  actual  rorce.  An  animal  may  thus  be  considered  as  con- 
sisting, at  any  epoch,  of  a  certain  amount  of  force  associated  as  latent  eneigy  with  a 
certain  amount  of  material.  I>urinp  life  the  force  is  being  separated  from  the  material 
and  set  free,  manifested,  expended  in  the  various  forms  oi  vital  fbrce,  and  the  material 
thus  deprived  of  its  force,  is  being  cast  out  as  useless.  This  necessitates  that  there 
should  be  continually  passing  into  the  body  a  certain  amount  of  force  and  a  certain 
amount  of  material,  so  associated  together  that  they  are  capable  either  of  being 
divorced  at  once  within  the  economy,  and  the  actual  energy  liberated,  as  one  or  more 
of  the  so-called  vital  forces,  or  of  becoming  part  and  parcel  of  the  stock  of  force  and 
material  represented  by  the  body,  ready  when  occasion  demands  to  be  similarly 
disposed  of.  Thus  there  are  three  things  to  be  considered :  the  total  income  or 
material  plus  force ;  the  force  expended  or  work  done,  that  is  to  say  the  sum  of  the 
vital  actions  of  the  economy ;  and  the  waste  or  material  minus  the  expended  force. 
The  condition  of  the  organism  at  any  given  time  will  depend  on  the  relation  which 
these  factors  then  bear  to  each  other.  Thus  in  early  life,  the  income  exceeds  the  ex- 
penditure  of  force  and  therefore  also  the  waste  of  material ;  consequently  the  or^nism 
gains  both  in  force  and  material  After  a  certain  age,  however,  the  income  within  a 
given  period  is,  neglecting  temporary  variations,  sufficient,  but  only  sufficient,  to  cover 
the  expenditure :  consequently  the  body  neither  gains  nor  loses  either  in  force  or  ma- 
terial, but  remains  in  a  condition  of  equilibrium.  The  season  then  follows  in  which 
the  real  income  is  less  than  the  expenditure,  and  the  body  becomes  a  loser.  We  might 
theoretically  imagine  this  loss  to  continue  until  the  organism  had  dwindled  down  to 
its  primeval  nothingness ;  but  in  reality,  a  more  or  less  violent  disruption  of  the  vital 
madiineiy,  called  death,  takes  place  before  any  great  diminution  can  occur.  The  dead 
bod^  then  represents  a  certain  amount  of  force  and  material  ready  to  be  disjoined  and 
dissipated  in  ways  that  are  not  vital  through  the  so-called  putrefactive  decomposition. 
These  relations  of  the  factors  to  each  other  during  the  several  phases  of  a  lifetime  are 
imitated  in  the  temporaiy  variations  that  occur  from  day  to  day  or  year  to  year. 

In  considering  the  income  or  ingesta,  we  find  that,  although  an  animal  receives  small 
quantities  of  actual  energy  in  the  shape  of  heat,  electricity,  motion,  &c.,  these  are  so 
insignificant  that  they  may  be  disregarded  when  compared  with  the  other  sources  of 
force.  Every  animal  takes  into  itseU  from  time  to  time  a  certain  amount  of  a  certain 
number  of  substances,  including  a  certain  quantity  of  oxygen.  These  substances  re- 
present, in  the  prospect  of  their  chemical  union,  a  certain  amount  of  latent  energy 
{Spannkraft) ;  it  is  their  latent  energy  whidi  forms  almost  entirelv  the  source  of  the 
actual  enei^  of  the  organism.  Since  the  particular  chemical  union  through  which 
the  latent  energy  of  these  substances  becomes  liberated  as  actual  energy,  is  cUefly  one 
of  oxidation,  we  are  enabled  to  state  that  the  income  of  force  for  animals  is  the  force 
derived  from  the  oxidation  by  the  oxygen  of  respiration  of  the  oxidisable  bodies  taken 
as  food. 

The  force  expended,  or  effeetus,  of  the  animal  assumes  various  forms.  A  certain 
portion  becomes,  and  issues  as,  heat.    Another  quantity  is  represented  by  muacvlar 
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cbntraetion,  jNurt  of  which  is  concerned  in  viBcerol  moTements,  while  the  rest  results 
m  looomotion  and  other  mechanical  effects.  A  third  quantity  is  called  nervous, 
oar  eerefaral,  or  sometimes  mental  force.  A  fourth  is  occupied  with,  growth  and  the 
preservation  of  form.  The  remainder  has  to  do  with  the  chemical  transforma- 
tions and  elaborations  which  are  necessary  before  the  brute  food  is  in  a  proper  state 
to  be  consumed  in  vital  action.  A  part  of  the  total  income  is  expended  in  raising  the 
vest  of  the  ingested  matenal,  with  its  latent  energy,  to  a  higher  level  of  concentration 
and  ade^tabiEly  for  oonversion,  in  changing,  as  it  is  said,  the  dead  meat  and  vegetable 
substance  into  living  flesh  and  blood  through  the  processes  of  digestion,  assimilation, 
&e.  This  may  be  called,  par  excellence,  nutritive  work ;  it  correspondis  also  to  the 
fince  supposed  by  some  writers  to  be  required  by  living  material  in  order  to  resist 
ordinaiy  chemical  and  physical  changes. 

The  waste  or  e^esta  may  be  briefly  described  as  consisting  of  carbonic  acid,  water 
and  certain  oystalline  nitrogenous  bodies,  of  which  urea  is  the  physiological  type, 
together  with  a  few  other  matters  always  associated  with  the  latter.  AU  these  are 
the  results  of  the  oxidation  of  the  oxidisable  income. 

It  is  evident  that  the  task  of  taking  the  force  and  material  of  the  income  and  of  ex- 
plaining the  numerous  conversions  they  suffer  until  they  finally  issue  as  effectus  and 
cgesta^  is  nothing  else  than  the  whole  task  of  i>hysiology.  The  study  of  nutrition  must 
m  neceaaity  be  confined  within  narrower  limits,  perhaps  in  some  such  way  as  follows. 
The  animal  body  consists  of  certain  kinds  of  materiiu  with  force  so  associated  with 
them,  that  the  decomposition,  the  metamorphosis,  in  other  words  the  oxidation,  of  each 
material  sets  firee  an  appropriate  force  and  gives  rise  to  a  corresponding  waste.  Thus 
among  other  things,  the  hodj^  contains  certain  quantities  of  nervous,  muscular  and  adi- 
pose tissue,  whose  decomposition  may  be  said  to  give  rise  to  muscular,  nervous,  and 
ealorific  action,  the  development  of  each  action  being  accompanied  by  its  particular 
waste.  The  object  of  the  study  of  nutrition  is  to  ascertain  qualitatively  and  quantita- 
tively the  things  which  are  best  suited  when  taken  into  the  body  to  ensure  the  acquire- 
ment of  one,  several,  or  all  of  the  various  corporeal  constituents,  and  thence  to  guarantee 
the  exhibition  of  the  force  or  forces  proper  to  the  animal ;  or,  in  other  words,  to  deter- 
mine the  laws  according  to  which  qualitative  and  quantitative  variations  of  the  income 
affect  the  quality  and  quantity  of  the  capital,  and  thence  the  quality  and  quantitv 
of  the  expenditure.  The  practical  problems,  for  whose  solutions  a  knowledge  of  sucn 
laws  is  desirable,  wiU  vary  of  course  with  the  circumstances  of  the  animal  For  instance 
in  animals  doomed  to  the  slaughter-house,  the  questions  have  to  deal  more  particularly 
with  the  amount  and  nature  of  the  material  developed  in  the  body,  that  is  to  say  wita 
the  amomit  and  character  of  the  capital.  In  man  and  beasts  of  burden,  attention  has  to 
be  drawn  to  the  amount  and  nature  of  the  force  expended,  muscular,  nervous,  &c.  In 
coming  to  any  conclusion  on  these  matters,  a  certain  amount  of  crude  experience  is 
before  a  rigorously  scientific  method  can  be  applied. 


On  thb  katubb  of  Food, 

that  is  to  say,  the  nature  of  the  income.  Though  oxygen  is  an  essential  part  of  the 
incoma^  it  stands  so  much  apart  by  itself  that  it  is  generuly  considered  separately  flrom 
the  rest  of  the  income  or  food  proper.  Experience  teaches  us  that  the  food  of  animals, 
•o  understood,  consists  of  a  certain  number  of  animal,  vegetable,  and  inorganic  substances 
known  under  the  name  of  "  articles  of  food."  Such  are  meat,  bread,  milk,  potatoes, 
grass,  water.  Some  animals  (herbivora)  feed  on  vegetable  and  inorganic  substances 
only,  viz.  plants  and  water.  Others  (camivora)  feed  only  on  animals  (previously 
reared  on  vegetables)  and  water.  Others  again,  such  as  man,  are  omnivorous,  feeding 
on  both  animals  and  plants.  A  chemical  examination  of  all  known  "  articles  of  food '' 
shows  that  each  of  them  contains  one  member  or  several  members  of  a  class  of  chemical 
eomponnds,  which,  from  their  universal  occurrence  in  the  exceedingly  numerous  and 
otherwise  most  diversely  constituted  "  articles  of  food,"  and  from  the  constant  ratio 
their  presenee  bears  to  the  roughly  determined  nutritive  value  of  these  articles,  have 
received  the  name  of  "  alimentary  principles."  They  have  these  characteristics.  They 
are  all  capable  of  being  digestec^  «.«.  of  passing  from  the  alimentary  canal  into  the 
system ;  when  any  one  of  them  is  swallowed,  a  fraction  only  of  it  reappears  in  the 
feces.  They  are  all  capable  of  being  oxidised,  and  are  found  by  observation  to  be 
more  or  less  completely  oxidiBed  when  introduced  into  the  system  as  food;  when 
swallowed,  the  part  which  does  not  reappear  in  the  faeces,  and  which  therefore  has  been 
digested  and  aosorbed,  cannot  be  detected  passing  outwards  again  unaltered,  either 
tfarongh  kidneys^  lungs  or  skin.  They  are  nearly  all  complex  compounds  of  carbon, 
hydrogen,  oxygen  and  nitrogen. 

Besides  these  oxidisable  **  alimentary  principles  **  there  is  also  another  dass  of  sub- 
stanees^  represented  bv  some  of  ito  members  in  every  article  of  food,  substances  which, 
thaug^  digestible  and  evidently  in  the  habit  of  passing  into  the  aystem,  are  either 
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incapable  of  oxidation  or  may  be  proved  not  to  be  oxidised  in  their  transit  through  th^ 
economy.     In  the  opinion  of  some,  these  bodies  should  not  be  classed  under  the  head 
of  food.     But  there  are  cogent  reasons  why  they  should  be  so  treated.     Experience 
shows  that  they  are  quite  as  essential  constituents  of  a  healthy  diet  as  their  oxidisable 
companions.     And  the  necessity  for  their  use  is  obrious.     If  it  is  true  that  the  amount 
of  force  possessed  and  given    out  by  living  beings,  is  due  to  the  chemical  pro- 
cesses taking  place  within  the  body,  or  speaking  generally,  to  the  oxidation  of  the  oxi- 
disable food ;  then,  out  of  the  whole  number  of  substances  consumed  as  food,  only 
the  oxidisable  *'  alimentaiy  principles"  can  be  looked  to  as  sources  of  force.     But  life 
is  not  mere  naked  force ;  it  is  not  simple  combustion  or  oxidation.     It  is  oxidation 
under  particular  circumstances ;  it  is  force  manifested  in  particular  modes.     The  force 
generated  by  the  oxidation  of  the  alimentary  principles  is  reflated  and  directed  into 
particular  channels  in  and  by  th€  body.     The  body  itself,  besides  being  a  mass  of  latent 
force,  is  a  machine  for  the  conversion  of  force,  and  that  part  of  the  body  which  so  serve* 
as  mere  machinery  will  require  for  its  construction,  material  that  not  ouly  need  not  be 
oxidisable  and  force-giving,  but  will  be  all  the  more  useful  for  its  special  purposes  in 
BO  far  as  it  cannot  be  oxidised.     "While  that  machinery  is  being  built  up,  during  the 
growth  of  the  animal,  its  material  must  be  sought  for  in  food,  and  during  the  whole  of  the 
life-time  there  will  be  continual  waste  and  renewal  of  the  machinery,  not  necessarily 
for  the  purpose  of  giving  forth  force,  but  because  the  peculiar  circumstances  of  the 
machinezy  unavoidably  cause  part  of  it  to  be  coDtinually  carried  off  in  the  general 
waste-ctirrent  of  the  economy.     The  animal  body  is  not  a  steam-engine  which  seeks 
only  force  in  its  fuel  and  is  repaired  from  without ;  it  is  a  peculiar  machine  which  has 
to  find  in  its  food  not  only  its  supply  of  force  but  also  material  for  its  constant  repair. 
We  may  therefore  divide  food  into  the  oxidisable  alimentary  principles,  the  force- 
generators,  the  biogenic  elements,  and  into  the  other  substances  which  serve 
only  as  material  for  repair  of  pure  machinery,  and  which  therefore  maybe  called  force- 
regulators  or  biotaxic  elements.  It  must  however  be  remembered  that  the  force^ 
Generators  may  be  or  rather  decidedly  are  force-regulators,  though  the  converse  of  course 
oes  not  hold  good.     It  is  naturally  a  matter  of  very  great  difficulty  to  determine 
whether  any  given  body,  confessedly  not  an  alimentary  principle,  is  to  be  regarded  as 
a  force-regulator,  or  as  being  in  that  sense  necessary  to  the  well-being  of  the  economy. 
All  such  substances,  generally  found  in  a  healthy  body  and  therefore  in  ordinary 
food  and  in  the  ordinary  egesta,  may  be  so  considered.    But  it  would  be  hazardous  to 
limit  the  list  to  these,  since  it  is  quite  possible  that  science  may  yet  discover  that  the 
ordinary  consumption  of  bodies  not  as  yet  recommended  by  experience  would  increase 
an  animaVs  well-being  by  introducing  "  new  regulative  elements  "  whereby  the  conver- 
sions of  force  within  the  economy  might  be  more  advantageously  carried  on.      Should 
any  such  be  discovered,  they  would  have  the  right  to  be  claimed  as  proper  elements  of 
food.     Hence  the  difficulty  of  giving  a  satisfactory  definition  of  *'  food  *'  wide  enough  to 
eml  race  all  its  parts.     "  Whatever  is  commonly,  insorbed  in  a  state  of  health  *'  is  per- 
haps the  best  or  rather  the  truest.     According  to  this  quinine  (which  though  oxidised 
in  the  system  to  a  certain  extent,  must  be  regarded  for  its  virtues  as  a  pure  regulator) 
in  the  midst  of  malaria  is  as  much  an  element  of  food  as  starch  or  salt.    Medicines  in 
general  may  be  regarded  as  occasional  regulators. 
The  alimentary  principles  may  be  roughly  enumerated  as  follows : 

1.  Nitrogenous  Colloids. — These  are  chiefly  the  whole  series  of  protein-compounds  or 
albuminoids,  both  from  the  animal  and  vegetable  kingdoms.  Also  gelatin,  which  though 
of  little  value  apparently  for  certain  purposes,  fairly  comes  under  the  head  of  "  ali- 
mentary principles."  To  these  may  be  added  certain  peculiar  nitrogenous  compounds, 
not  protein,  such  as  those  occurring  in  beet-root  molasses  or  mangold  pulp  (Henne- 
berg  and  Stohmann)  whose  nature  and  properties  have  not  yet  been  well  studied. 

2.  Hydrocarbons^  Fats. — Nearly  all  animal  fats  may  be  regarded  as  alimentary 
principles.  So  also  most  of  the  vegetable  fatly  bodies,  with  deductions  for  varying 
digestibility  and  purity.  Information  as  to  the  digestibility  of  vegetable  bodies  more 
or  less  allied  to  fats  and  oils  is  wanting.  According  to  G  r  o  u  v  e  n,  the  waxy  and  resinoua 
portions  of  vegetable  food  are  largely  digested  by  oxen  and  oxidised  in  their  system. 

3.  Carbo-hydrates. — Starch,  Sugars,  Dextrin,  G-um,  Woody-fibre,  Pectin.  The 
first  two  are  largely  present  in  most  vepetable  articles  of  food,  and  hold  a  high  rank 
BS  fljimentary  principles.  Inulin,  according  toRoUeston  (Brit.  Assoc.  Reports,  1862), 
resists  human  salivary  diastase,  and  is  possibly  therefore  not  digested.  Giun  is  not 
digested  by  man,  but  is  destroyed  in  considerable  quantities  by  oxen  (Grouven). 
The  ffroup  of  substances  known  under  the  name  of  pectin,  classed  for  conyenience  with 
carb<3iydrates,  seems  to  be  readily  digested  and  oxidised  by  oxen.  Woody-fibre  (that 
is  the  cellulose  of  woody-fibre,  not  its  lignin  or  cutin)  is  digested  by  ruminants  \o  the 
extent  of  from  30 — 60  per  cent.    (Lawes  and  Gilbert,  Henneberg,  Grouven.) 
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'  Besides  these  aUmentair  principlea  there  are  also  present  in  a  healthy  diet>  the 
bodies  which  hare  been  called  regulators,  yiz.  : 

Water,  and  the  following  elements  in  yarions  combinations,  phosphorus,  sulphur 
(in  addition  to  the  quantities  contained  in  the  protein  substances),  chlorine,  fluorine, 
sodium,  potassium,  calcium,  magnesium,  iron,  silicoa 

There  are  also  consumed  in  food,  either  uniyersally,  or  generally,  or  occasionally, 
certain  bodies  most  of  them  capable  of  oxidation,  but  concerning  which  there  is  much 
dispute,  either  as  to  whether  they  really  are  oxidised  in  the  system,  or  as  to  whether, 
if  oxidised,  their  Talue  as  ingredients  of  food  is  to  be  measured  by  the  force  gi?en  out 

Sf  their  oxidation,  or  by  their  action  as  regulators.     Such  are  yegetable  acids,  theine, 
cohol,  &C. 

The  food  of  man  also  contains  certain  substances  known  under  the  name  of  condi- 
ments. Since  these  bodies  perform  their  functions  outside  the  real  body  though 
within  the  alimentary  canal,  they  haye  no  better  reason  to  be  considered  as  food  than 
has  hunger,  optimum  condimentum. 

Dietetics. 

Crude  experience  teaches  how  to  form  such  a  mixture  of  these  elements  of  food 
as  shall  ensure  the  well-being  of  the  animal,  in  other  words  how  to  construct  a  healthy 
diet.  It  is  found  that  when  any  one  olimentaiy  principle  is  alone  taken  as  food,  the 
animal  perishes  by  statration.  Neither  protein,  nor  fat,  nor  starch,  nor  sugar  can  alone 
support  life.  It  is  also  found  that  animals  cannot  be  maintained  in  health  unless 
some  members  of  the  group  of  elements  called  regulators  are  present  in  their  food. 
Hence  the  rule  may  be  laid  down  that  eyery  good  diet  must  consist  of  two  or  more 
alimentaiy  principles  combined  with  a  selection  of  regulators.  Eyeiy  known  article  of 
food  fulfils  these  conditions  more  or  less  perfectly.  In  order  to  obtain  from  experience 
jnore  exact  knowledge  of  the  absolute  and  relatiye  amounts  of  the  constituents  of  a 
healthy  diet,  recourse  must  be  had  to  statistical  analysis.  Thus^  taking  man  as  an  ex- 
ample*, if  a  lai^  number  of  diets  actually  in  use  among  persons  of  ayerage  circum- 
stances be  collected,  and  the  yarious  articles  of  food  contained  in  each  be  analysed 
according  to  their  alimentary  principles  and  constituents,  a  mean  may  be  drawn  which 
would  giye  a  qualitative  and  quantitative  selection  of  the  chief  factors  for  a  normal  diet. 
Thus  Moleschott  (Phys.  d.  Nahrungsmittel.  s.  216)  giyes  as  a  normal  daily  diet, 
protein-substance,  130  grms.;  fat,  84  grms. ;  starch,  404  grms. ;  salt,  30  grms. ;  water, 
2,800  grms.  Since  no  one  article  of  food  contains  its  alimentary  constituents  in  that 
proportion,  it  is  evident  that  two  or  more  articles  of  food  are  necessary  for  a  good  diet. 
Another  method  of  formulating  the  results  of  large  experience,  is  to  express  them, 
not  in  terms  of  the  alimentaiy  principles  themselves,  but  in  terms  of  the  total  quantity  of 
nitrogen  and  carbon  contained  in  those  principles.  Thus  a  certain  amount  of  nitrogen 
represents  a  certain  amount  of  protein,  and  a  certain  amount  of  carbon  also  represents 
the  same  amount  of  protein,  plus  a  certain  quantity  of  either  fat^  starch,  or  sugar,  ^., 
or  of  all  of  them.  In  this  way  Dr.  Edward  Smith  (Sixth  Report  Med.  OS.  Privy 
Council)  calculates  that  the  agricultural  poor  of  Great  Britain  consutae  on  an  average 
420  grms.  carbon,  and  20  grms.  nitrogen  daily,  while  silk-weavers^  needlewomen,  &c., 
only  get  267  grms.  carbon,  and  11  grms.  nitrogen.  Since  the  latter  only  just  manage 
to  keep  starvation  from  their  doors  (266  grms.  carbon,  and  12  grms.  nitrogen  daily 
being  the  *'  starvation  diet "  suggested  by  Dr.  Smith  in  reference  to  the  Lancashire 
operatives),  the  diet  of  the  former,  productive  as  it  appears  to  be  of  general  health, 
may  fairly  be  taken  as  a  normal  diet  Variations,  however,  from  such  a  standard, 
often  extreme  in  character  and  yet  compatible  with  well-being,  are  occasionally 
witnessed.  Thus  Carpenter  (Human  Phys.  p.  46)  remarks  on  the  voracity  of  the 
£aquimanx,  and  quotes  an  instance  of  one  devouring  35  lbs.  of  aliment  mostly  fatty. 
Such  a  meal  was  probably  rather  swallowed  than  digested;  but  the  case  of  the 
voysgeurs  of  Canada,  who  are  dissatisfied  with  rations  short  of  20  lbs.  of  meat  per  diem, 
would  give  a  consumption  of  280  grms.  nitrogen.  In  the  direction  of  a  mimnum  the 
same  author  mentions  an  instance  of  a  miller,  who  lived  in  vigour  for  18  years  on 
16  oz.  of  flour  per  diem,  which  would  give  110  grms.  carbon,  and  5*8  grms.  nitrogen. 
Since  this  miller  drank  no  alcohol,  his  case  somewhat  lessens  the  value  of  an  argu- 
ment founded  on  the  liistories  of  individuals  said  to  have  lived  for  years  on  spirits 
plus  a  small  quantity  of  actual  food. 

Another  method  of  determining  a  normtd  diet  consists  in  estimating  the  ayerage 
quantity  of  nitrogen  and  carbon  in  the  urea  and  carbonic  acid  of  the  egesta.  The 
amount  thus  determined  is  first  translated  into  alimentary  principles,  and  thence  into 
articles  of  food.  The  lessons  of  experience  thus  roughly  analysed,  though  of  course 
very  valuable,  cannot  be  regarded  as  anything  more  than  approximations  to  truth,  or 
as  bases  for  further  inquiry.  For  instance  they  take  no  account  of  an  exceedingly 
variable  factor  in  the  matter,  namcl}  digestibility.    Thus  the  diet  gained  by  calculat- 


150  NUTRITION,  ANIMAL. 

ing  back  from  the  egesta  can  only  be  a  true  one  when  the  whole  of  the  ingesta  are  digested, 
which  is  probably  never  the  case.  So  again  in  the  method  adopted  by  Br.  R  Smith, 
it  is  taken  for  granted  that  the  articles  of  food  containing  the  due  nitiogen  and  carbon 
are  either  whouy  digested  or  digested  at  the  same  rates  under  all  circnmstaneee.  But 
we  know  that  the  di^stibiUty  of  the  different  alimentary  principles  varies  according  to 
the  nature  of  the  article  of  food  in  which  they  are  presented.  And  not  only  has  ^ch 
article  of  food  an  absolute  coefficient  of  digestibility,  but  there  is  every  reason  to 
believe  that  in  a  mixture  of  different  kinds  of  food  such  as  forms  an  ordinary  meal,  tha 
amount  digested  of  each  constituent  will  vazy  according  to  the  proportions  and 
character  of  the  mixture.  Thus  the  presence  of  fat  is  thought  to  assist  the  digestion 
of  starch,  and  the  amount  of  cellulose  digested  by  oxen  varies  according  to  the  amount 
of  other  substances  preseut  in  the  rations  (Henneberg;  Grouven).  Other  dr- 
eumstances  too,  such  as  labour,  rest,  &c.,  materially  anect  digestion  (E.  Smith). 
Hence  the  importance  of  estimating,  not  the  amount  of  food  taken  in  by  the  mouth 
only,  but  that  which  is  really  absorbed  into  the  system  and  which  alone  possesses  the 
virtues  sought  for.  Even  when  the  actual  amount  of  carbon  and  nitrogen  necessary  for  use 
under  average  circumstances  has  been  thus  determined,  several  questions  have  to  be 
answered  before  a  diet  of  any  practical  use  can  be  fixed  upon.  Can  gelatin  supplant 
protein  either  wholly  or  in  part  ?  The  labours  of  the  well-known  commissions  show 
how  difficult  or  rather  impossible  it  is  to  decide  this  firom  mere  experience.  Are  fat 
and  starch  mutmdly  convertible  ?  May  a  diet  consist  of  all  fat  or  all  starch  in  addi- 
tion to  the  protein?  Is  the  action  of  sugar  the  same  as  that  of  starch?  What 
changes  should  be  made  for  labour?  What  for  fattening?  It  is  evident  that  to 
determine  questions  like  these  from  mere  experience,  with  nothing  but  the  vague  con- 
dition of  well-being  as  a  test  of  success,  is  well-nigh  impossible.  For  frulher  know- 
ledge it  becomes  necessary  to  leave  on  one  side  the  concrete  results  of  experience  either 
with  regard  to  man  or  animals,  and  to  turn  to  the  search  of  the  abstract  laws  govern- 
ing the  conversion  (in  the  animal  body)  of  ingesta  into  effectus  and  egesta. 

Gbnbbal  Laws  of  Nutbition, 

Or,  the  laws  according  to  which  material  consumed  as  food  affects  the  composition, 
and  forces  of  the  animal  organism. 
The  older  views  on  this  matter  were  extremely  simple.    Dumas  (EsmH  de  StaHque 

Chimimie  des  Etre»  oraaniaes)  taught  that  all  the  alimentary  principles  might  be 
divid^  into,  1.  AanmUaJble  produc^t  viz.  protein  substances  and  fattr  bodies  which 
served  by  direct  assimilation,  to  increase  or  renew  the  organs  of  the  body  previously 
wasted  during  the  exercise  of  vital  forces ;  and  2.  Combustible  products^  viz.  sugar  and 
&tty  bodies,  consumed  in  respiration  for  the  purpose  of  supplying  animal  heat.  liebig 
and  his  school  proved  that  fat  was  actually  created  in  the  animal  economy  probably 
out  of  the  carbo-hydrates  (Dumas  having  at  first  said,  **  L'animal  s*assimiie  done  on 
d^truit  des  mati^res  organiqnes  toutes  faites ;  il  n'en  cr^e  done  pas,"  but  afterwards 
supporting  Liebig's  view) ;  and  hence,  while  adopting  a  similar  division  of  food  into 
"plastic"  and  "respiratory"  elements,  added  as  a  corollary  that  an  esccess  of  ingested 
respiratory  material  not  wanted  for  immediate  use,  might  be  stored  up  in  the  boo^,  not 
as  fully  formed  tissue,  but  as  mechanically  infiltrated  fat.  Since  then,  however,  the 
matter  has  been  the  subject  of  much  exact  inquirv ;  and  the  results  obtained  will  be 
best  studied  by  considering  the  statics,  that  is,  all  that  relates  to  composition,  a^pait 
from  the  dynamics  which  have  to  do  with  force. 

A.  Statics, 

The  following  is  the  general  form  of  the  problems  to  be  dealt  with.  (Hven  the  eflfect 
of  a  known  ration  of  food  on  the  total  weight  of  an  animal,  to  determine,  from  an  ele- 
mentary comparison  between  the  ingesta  and  egesta,  how  that  effect  may  be  described 
in  terms  of  toe  constituents  of  the  body.  For  this  purpose,  an  analysis,  proximate  and 
elementary,  of  the  food  consumed  within  a  given  time  is  made ;  the  urme  and  feces 
are  collected  and  analysed,  their  elementary  composition  being  directly  determined  if 
perfect  exactitude  is  required ;  the  excretion  by  lungs  and  skin  is  also  estimated  by 
means  of  a  "  respiration-chamber,"  and  the  amount  of  oxygen  fixed  by  respiration 
calculated  by  subtracting  the  initial  weight  of  the  animal  plus  its  food  from  the  final 
weight  plus  all  the  egesta.  With  what  great  certainty  such  a  comparison  may  be 
made  is  seen  from  the  following  table  of  the  observations  made  byPettenkofer  and 
Voit  on  a  dog,  who  with  a  duly  ration  of  1,500  grms.  of  meat  was  neither  materially 
gaining  nor  losing  flesh. 


NUTRITION,  ANIMAL.  151 

Ingesta  »  1500  grma.  Meat 
187*8      gnna.     Carbon. 

-_rtj,  Ti_j_^         ^   26*96  in  dry-substance. 

162-48       „        Hydrogen  j^^e-S    in^ter. 

51 '00       „        Nitrogen 

i.^nr>ute  r\  \     77*26  in  div-substance. 

1089*26        „        Oxygen     ^^q^^,     ^^^ 

19-6         „        Salts 

Oa^^fn  fixed  »  477'2. 

Egesta  in  grms. 
Carboii;    Hydrogen.    Nitrogen.         Oxygeo.        Salts. 

XJwa 21*6  7-2  60*4  288 

Other  urinary  constituents         .          96  26  .     .               169        16*3 

Water  of  urine 102*6  .     .  8*20*3 

Dry  Faeces        ....          4*9  0*7  0*7                 16          34 

Watftr  of  Faeces 3*2  26*3 

Carbonic  Acid  of  Perspiration*  .       146*7  .     .  391*6 

ICarsh  Gas  of  Perspiration         .           1*2  0*4 

Free  Hydrogen  of  Perspiration           .     •  1*4 

Water  of  Perspiration       .         .        j ^  89*4  .     .  3164         

Total  B^eata  .        .       184*0      157*3  61*1  1699*7         19*7 

ToUd  Ingesta         .         .       187*8       162*6  61*  1666*4         19*6 

Sum  of  Ingesta  1977*2  Irk-tf  oa  a 

„    „Eg^         .        .  2011*8  P^^^  "  ^^^- 

And  even  this  slight  difference  the  observers  state  might  be  still  fbrther  reduced  by 
hypothetical  corrections,  for  faeces,  of  the  animal's  total  weight.  In  all  experiments  of 
this  kind,  the  determination  of  the  real  weight  of  the  animal,  though  apparently  easy, 
ia  in  reality  a  very  difficult  task,  inasmuch  as  the  total  body-weight  forming  the  basis 
of  the  calculations  ought  to  be  that  of  the  body  free  from  faraes,  and  in  most  cases  the 
animal  has  within  him  at  the  time  of  the  initial  weighing  some  of  the  fiaeces  of  his 
previous  diet,  and  at  the  final  weighing  more  or  less  of  the  faeces  formed  out  of  his 
experimental  rations.  In  the  observation  above  detailed  the  carbonic  acid,  water  of 
perspiration,  &c.,  &c.,  were  directly  determined  by  means  of  a  complicated  apparatus. 
Other  inquirers  have  been  content  to  determine  the  carbonic  add  only,  and  that  from 
time  to  time  durins  the  experiment  (Bidder  and  Schmidt),  leaving  the  water  of 
perspiration  for  calculation,  and  neglecting  the  other  gaseous  excreta  altogether. 
Bischof  and  Voit  did  not  even  determine  the  carbonic  acid,  but  based  their  calcula- 
tions on  the  average  thrown  off  by  dogs  according  to  Kegnault  and  Beiset 

The  determination  of  the  nitrogen  of  the  egesta  has  been  the  occasion  of  much  dispute. 
In  the  above  obeervation,Pett  enkofer  and  Voitmerely  determined  by  Liebig'smethod 
the  urea  of  the  urine,  and  considered  the  nitrogen  therein  contained  as  the  only  nitrogen 
excreted.    Against  this  mode  of  procedure,  it  has  been  urged,  in  the  first  place,  that 
the  urine  certainly  does  contain  small  quantities  of  other  nitrogenous  bodies,  to 
wit,  creatine,  creatinine,  &c.,  and  may  possibly  contain  them  in  considerable  quantities 
on  particular  occasions.    Voit  maintains  however  that  Liebig*s  method  gives  a  result 
which  includes  these  boAes  when  they  are  present^  "  their  nitrogen-equivalent  behaving 
towards  the  mercurial  solution  exactly  like  the  nitrogen-equivalent  of  urea."    Other 
observers  have  determined  the  uric  acid  as  well  (Ranke),  or  in  herbivora  the  hippuric 
add  (Henneberg,  Grouven).     It  is  also  urged  that  a  certain  quantity,  a  small  one 
doubtless,  of  nitrogen  goes  off  in  the  process  of  desquamation  and  depilation.    This 
has  been  approximatively  accounted  for  by  some  observers  (Bidder  and  Schmidt, 
Grouven).    Lastly,  it  is  maintained  that  nitrogen  passes  off  by  skin  and  lungs  in 
some  form  or  another  in  considerable  quantity.     While  Begnault  and  Beiset 
found   evidence  of  only  slight  exhalation  or  absorption  of  nitrogen  by  the  lungs, 
Boussingault  (Mem.  de  Chimie  agricole,&c.),  in  experimenting  on  turtle-doves  and 
horses^  co^d  only  recover  from  urine  and  faeces  about  two-thirds  of  the  total  quantity 
of  nitrogen  taken  in  as  food.     Barral,  experimenting  on  human  beings,  came  to  a 
similar  conclusion ;  and  other  observers  have  failed  to  a  greater  or  less  extent  in  re* 
eovering  from  urine  and  faeces  the  nitrogen  of  the  fj.iment.     Moro  recently  Beiset 
(Ann.  Gh.  Phys.  1863)  found  evidence  of  considerable  volatile  excretion  of  nitrogen 
in  sheep,  calves,  geese  and  turkey-fowls,  and  to  a  small  extent  in  pigs.    To  these  facts 
may  be  added  the  experiments  of  Funk e  on  the  presence  in  the  perspiration,  of  urea 
in  considerable  quantities.   On  the  other  hand,  Bidder  and  Schmidt  found  in  cats  the 
whole  of  the  nitrogen  reappearing  in  urine  and  f»ces,  except  in  cases  whero  there  was 

*  Dy  ftkin  and  lungi. 
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reanon  to  think  it  had  been  retained  in  the  body.  Hanghton  (Dublin  Quart.  Med. 
J.  1859)  belieyea  that  the  same  thing  holds  good  with  men,  and  that  Bar ral  wu 
wrong  in  his  analysis  of  food.  So  also  Ranke,  who  moreover  found  both  that  a  pro- 
fdse  sweat  had  no  effect  on  the  nitrogen  of  urine,  and  that  there  was  no  appreciable 
amount  of  nitrogen  to  be  discovered  in  the  sweat  Henneberg  holds  apparently  that 
in  oxen  no  decided  amount  of  nitrogen  is  lost  by  lungs  or  skin  (except  as  hairs,  &c), 
and  Grouyen  found  by  direct  estimation,  the  amount  of  ammonia  gixen  off  by  oxen 
to  be  exceedingly  small  (^  grm.  per  diem) ;  he  also  ascertained  that  the  difference 
between  the  nitrogen  of  food  and  that  of  urine  and  faeces  was  reduced  to  a  very  small 
quantil7  indeed  when  the  ox  was  fed  for  some  considerable  time  on  rations  whereby 
ne  neithergained  nor  lost  much  in  flesh.  Lastly,  Voit  (Ann.  Ch.Pharm.  SuppL  ii.  1863) 
fed  a  pigeon  in  the  same  manner  as  Boussingault  for  a  considerable  time  on  fixea 
rations,  and  found  that  he  could  recover  out  of  urine  and  fieoeis  all  the  nitrogen  of  the 
food  with  the  exception  of  2*3  per  cent.,  which  moreover  could  be  account^  for  by 
considering  an  increase  which  took  place  in  the  animal's  weight  to  be  an  increase  in 
nitrogenous  material.  Voit  calculated  that  if  only  0*11  grm.  nitrogen  had  been  given 
out  £ily  by  the  skin  and  lungs,  in  addition  to  that  contained  in  urine  and  faeces,  there 
would  have  been  none  left  in  the  animal's  body  at  the  end  of  the  experiment  I  Hence 
in  experiments  of  this  kind  the  practice  still  obtains  of  considering  the  nitrogen  of  the 
urea  (with  that  of  uric  and  hippuric  acids  when  present)  as  representing  the  whole 
nitrogen  of  the  egesta. 

Having  thus  determined  with  more  or  less  precision  the  amount  and  nature  of  the 
egesta,  the  faeces  mnst  be  placed  in  a  division  by  themselves,  since  they  represent 
the  portion  of  food  which  is  not  digested,  not  absorbed  within  the  true  body,  which 
takes  no  share  in  the  actions  of  the  economy,  and  must  therefore  be  deducted  from 
the  total  of  food,  the  effect  of  which  is  being  studied.  It  is  quite  true  that  the  faeces 
contain,  besides  undigested  material,  a  certain  amount  of  stuff  which  has  been  poured 
into  the  intestine  after  having  fulfilled  its  function  in  the  economy,  and  has  escaped 
resorption  during  its  transit  through  the  alimentary  canal ;  but  the  amount  which  has 
thus  undergone  oxidation  is  so  small  that  it  is  generally  disregarded. 

The  next  thing  to  be  done  is  to  determine  what  inference  is  to  be  drawn  from  the 
presence  in  the  true  egesta  (from  kidney,  skin  and  lungs)  of  any  given  element  or 
compound.  What^  for  instance,  does  the  presence  of  nitrogen  (or  urea)  signify  ?  The 
nitrogen  arises  doubtless  from  some  metamorphosis  within  the  body  (metamorphosis 
being  used  as  meaning  chemical  change,  a  shifting  of  the  elements  from  one  formula 
into  another,  or  others).  We  may  go  so  far  as  to  say  that  it  arises  from  the  metamor- 
phosis of  some  nitrogenous  material,  which  material  may  further  be  declared  to  be  a 
protein  substance  (or  gelatin). 

But  there  are  in  the  animal  organism  many  different  proteinous  tissues,  and  at 
least  more  than  one  gelatiniferous  substance  (holding  positions  of  variable  importance 
■  and  value),  each  of  which  might  by  metamorphosis  give  rise  to  the  nitrogen  of  the  egesta. 
If  we  take  the  very  rough ist  analysis  of  the  animal  body,  we  shall  be  obliged  to 
consider,  as  separate  collections  of  nitrogenous  material,  the  muscular  tissue,  the 
nervous  tissue,  the  connective  tissue  (including  the  bones),  the  glandular  tissue,  and 
blood,  each  containing  not  only  a  form  and  possibly  several  fonns  of  nitrogenous 
material,  but  very  many  other  substances  as  wclL  And  it  is  evident  that  if  we  assume 
that  the  presence  of  a  given  quantity  of  nitrogen  in  the  urixtt  indicates  the  metamor- 
phosis of  a  certain  quantity  of  any  particular  tissue  (that  metamorphosis  not  being  con- 
fined to  its  nitrogenous  material  alone,  but  embracing  also  at  least  all  its  conistituents 
that  are  at  all  liaole  to  decomposition),  the  total  change  both  as  to  the  composition  and 
the  forces  of  the  body  which  we  are  thereby  enabled  to  predicate,  will  vary  considerably 
according  to  the  tissue  which  we  select,  whether  muscular,  nervous,  &c.,  &c.  Such  a 
selection  is  naturally  a  problem  of  extreme  difficulty ;  indeed  it  has  hardly  yet  been 
attempted  except  in  reference  to  two  points.  In  the  first  place  there  is  every  reason 
to  believe  that  the  amount  of  metamorphosis  naturally  occurring  in  connective  tissue  is 
exceedingly  small  compared  with  that  going  on  in  the  other  nitrogenous  tissues.  Exact 
information  on  this  score  is  wanting,  but  the  starvation  experiments  have  shown  that 
the  bones  for  instance  suffer  scarcely  any  loss  during  a  long  abstinence  from  food. 
Hence  in  the  researches  we  are  dealing  with,  the  gelatiniferous  tissues  are  disregarded. 
In  the  next  place,  a  distinction  has  been  set  up  between  nitrogenous  material  which  has 
merely  been  digested  and  absorbed  into  the  blood,  and  nitrogenous  material  which  has 
undergone  the  further  process  of  being  converted  or  assimilated  into  actual  tissue  with 
distinct  anatomical  elements.  For  instance,  a  certain  quantity  of  albumin  having 
been  converted  by  the  stomach  into  the  peptones,  enters  the  circulation  and  forms  part 
of  the  nitrogenous  material  of  the  blood ;  in  due  time  it  escapes  from  the  capillaiies 
and  comes  into  close  connection  with  some  tissue,  say  muscular  fibre,  of  which  it  ia 
henceforth  a  component  part  (though  how  fax  each  chemical  constituent  of  a  muscle 
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liafl  to  do  with  its  histological  features,  the  nuclei,  striee,  frc.,  or  how  far  these  same 
features  share  in  the  general  metamorphosis  of  the  fibre  is  uncertain).  If  the  albumin 
is  metamorphosed  so  as  to  giro  rise  to  lurea  while  it  is  still  within  the  blood,  the 
result  to  the  organism  will  be  very  different  from  what  would  occur  if  the  metamorphosis 
were  deferred  until  the  albumin  had  become  part  and  parcel  of  the  muscular  fibre.  And 
the  same  applies  to  the  other  tissues.  Hence  we  may  speak  broadly  of  two  sources  of 
urea ;  one,  the  metamorphosis  of  digested  food  still  dwelling  in  the  blood-current,  and 
which,  for  the  sake  of  brevity,  we  may  call  the  metamorphosis  of  Blastema  or  modified 
food ;  the  other,  the  metamorphosis  of  tissue  previously  formed  out  of  Blood,  and  which 
we  may  call  FIcbK,  although  we  embrace  under  that  title  not  muscular  tissue  only,  but 
every  other  kind  of  tissue  that  contains  nitrogenous  material  subject  to  constant  change. 
According  toLiebig,  Bischof,  Voit  and  others,  the  last  only  is  the  true  expression 
of  the  process  of  the  economy,  Flesh  the  only  source  of  urea.  According  to  Bidder 
and  Schmidt  urea  may  arise  both  from  Blastema  and  from  Flesh. 

Having  thus  determined  the  source  of  the  nitrogen,  the  analysis  of  the.  egesta  may 
be  continued.  The  metamorphosis  of  Flesh  or  Blastema  (or  both)  which  accounts  for 
the  nitrogen  will  also  account  for  a  certain  quantity  of  carbon,  hydrogen  and  oxygen. 
The  remaining  quantity  may  then  be  inferred  to  result  either  from  the  metamorpl^sis 
of  a  calculable  quantity  of  adipose  tissue  (or  Fat)  or  from  the  metamorphosis  of  the 
hydrocarbons  or  carbo-hydrates  of  Food  while  still  in  the  blood-current  (Blastema). 
A  comparison  of  the  ingesta  and  egesta  may  then  be  used  as  follows. 

An  excess  of  the  nitrogen  in  the  ingesta  over  that  in  the  egesta  will  be  regarded  as 
a  storing  up  of  nitrogenous  material  which  has  escaped  metamorphosis — as  a  gain  eithei: 
of  Flesh  or,  if  it  is  possible  to  heap  up  such  matters  in  the  blood-current,  of  Blastema. 
An  excess  of  nitrogen  in  the  egesta  over  that  in  the  ingesta  will  signify  a  metamorphosis 
or  consumption  of  Flesh  over  and  above  the  metamoiphosis  of  nitrogenous  material 
contained  in  the  food  (or  its  equivalent  in  flesh),  and  therefore  may  be  regarded  as  a 
loss  of  flesh.  Supposing  there  to  have  been  during  the  period  of  experimentation  a  total 
gain  B  iy  and  a  gain  of  Flesh  =  a ;  t  —  a  will  then  remain  as  the  expression  of  the  gain  in 
fat,  Water,  or  both  a  &  +  c.  The  excess  of  carbon  in  the  egesta  over  that  in  the 
ingesta  minus  the  elements  required  for  the  gain  in  Flesh,  may  then  be  used  for 
calculating  the  gain  in  Fat  «  h.  The  retained  water  may  then  be  calculated  from 
the  equation  t  —  a  -—  b  s  ^,  and  ought  also  to  be  represented  (if  a  complete  analysis 
of  both  ingesta  and  egesta  has  been  made)  by  the  amount  of  oxygen  and  hydrogen 
remaining  in  the  excess  of  egesta  after  the  subtraction  of  the  elements  required  for  the 
gain  of  Flesh  and  Fat.  When  there  is  a  total  loss,  or  special  loss  of  any  of  these  three 
chief  constituents,  the  sign  in  the  equations  must  be  altered  accordingly.  As  was 
stated  above,  Bischof  andVoit  made  no  complete  analysis  of  the  egesta,  but  contented 
themselves  with  determining  the  nitrogen  as  urea  and  calculating  out  the  carbon  of  the 
egesta,  as  an  index  for  gain  or  loss  in  fat,  from  previously  determined  averages  of  the 
carbonic  acid  exhaled  and  units  of  heat  thrown  off  by  the  dog.  It  is  evident  that 
saeh  calculations  leave  margins  for  very  con£<iderable  errors,  and  a  comparison  between 
the  theoretical  results  of  Bischof  and  Voit,  and  the  actually  observed  results  of 
Pettenkofer  and  Voit  with  the  same  dog  shows  how  important  such  errors  may  be. 

The  opinion  that  the  nitrogen  of  the  egesta  when  food  is  taken  arises  from  the 
metamorphosis  of  both  flesh  and  blood  is  upheld  by  Bidder  and  Schmidt.  These 
observers  determined  the  excreta  in  a  cat  for  a  period  of  eighteen  days,  durinff  which 
no  food  at  all  was  taken,  and  the  whole  nitrogenous  metamorphosis  referred  therefore  - 
to  flesh  alone.  The  following  table  gives,  redaced  for  each  24  hours  to  1  kilogrm.  of 
the  weight  on  that  day,  the  excretion  of  urea  and  carbonic  acid,  and  also  the  amount 
of  fat  and  dry  nitrogenous  protein  material  (not  flesh)  calculated  to  have  undergone 
metamoiphosis : 


Day. 

Urea. 

Carbonic  add. 

Protein. 

Fat. 

Day. 

Urea. 

Carbonic  acid. 

Protein. 

Fat. 

1 

3-437 

20-68 

9-94 

1-76 

10 

1-907 

22-46 

6-78 

4-66 

2 

2-298 

20-61 

7-13 

3*30 

11 

1-723 

22-09 

6-34 

4-84 

3 

1-887 

21-67 

6-86 

4-34 

12 

1-648 

23-13 

6-12 

6-34 

4 

1-732 

20-74 

6-37 

4-33 

13 

2166 

23-61 

6-71 

4-66 

6 

2-227 

20-61 

6-90 

3-41 

14 

2224 

23-66 

6-90 

4-48 

6 

2-133 

20-94 

6-61 

3-67 

16 

2-062 

23-96 

6-86 

4-87 

7 

1-968 

20-69 

6-10 

3-86 

16 

2-164 

23-28 

6-68 

4-44 

8 

2-091 

20-79 

6-61 

3-72 

17 

1-216 

21-46 

3-77 

6-42 

9 

2-263 

21-89 

7-02 

3-89 

18 

0-697 

17-67 

1-86 

616 

It  will  be  observed  that  if  the  two  first  and  two  last  days  be  omitted  (and  the  influence 
of  previous  food  on  the  one  hand  and  of  dying  on  the  other  be  thus  eliminated)  the 
amount  of  urea  and  of  carbonic  acid  excreted,  and  of  protein  and  fat  metamorphosed  per 
kilogramme  per  diem  is  remarkably  constant.     The  total  quantity  of  nitrogen  excreted 
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during  the  whole  period,  SO'SOTgrms.  bespoke  204*43  gnn&  protein  material  (calcuUtedas 
dry  mosde  free  from  fot),  containing  102-24  grms.  carbon,  which  deducted  from  the 
total  amoont  of  carbon  excreted,  viz.  205*96  grma.,  gave  103*72  grms.  carbon,  an  eqiuTa- 
lent  for  132*75  grms.  pure  fat  (not  adipose  tLsue).  The  total  loss  in  weight  was  1264*8 
flrmsn  which  leayes  927*62  grms.  for  the  loss  in  water  and  salts.  An  analysis  of  the 
dead  body,  compared  with  an  analysis  of  another  eat  very  closely  resembling  what  the 
dead  one  was  at  the  commencement  of  the  experiment,  gave  a  probable  loss  of  1020 
grms.  water,  and  806  grms.  dry  material  of  which  about  130  grms.  was  fat,  and  thus 
afforded  a  fair  corroboration  of  the  theoretical  deductions.  On  feeding  a  cat,  however, 
on  such  a  quantity  of  flesh  that  for  nine  days  it  neither  gained  nor  lost  weight  to  any 
great  extent,  they  found  the  ^ly  excretion  per  kilogramme  per  diem  to  be 

Urea    ....     2*958  Carbonioacid     .        .        .     20*322; 

when  it  was  forced  to  eat  as  much  as  possible,  the  excretion  per  kilogramme  per  diem 


Urea    ....    5*152  Carbonic  acid     .        .        .    34*877. 

Another  cat  left  to  feed  ad  libitum  gave  per  kilogramme  per  diem 

Urea    .        .        «       ,     7*663  Carbonic  add     .        .        .    84*164. 

Bidder  and  Schmidt  drew  from  their  results  the  conclusion  that  the  total  metamor- 
phosis of  any  given  animal  is  dependent  on  two  circumstances,  or  is  a  function  of  two 
factors,  one  constant,  the  other  variable.  The  constant  is  the  typical  metamorphosis 
exhibited  during  hunger,  shown  so  clearly  for  the  cat  in  their  starvation-experiment, 
a  metamorphosis  rendered  necessary  for  the  production  of  heat  and  the  other  vital 
forces,  the  amount  being  determined  by  the  species,  age,  bulk,  &c.,  of  the  animal.  The 
variable  is  the  food  UJien  for  the  time  being.  When  the  food  taken  is  only 
fiufficient  to  cover  the  waste  caused  by  the  typical  constant  metamorphosis,  all  the 
excreta  may  be  inferred  to  have  arisen  from  the  metamorphosis  of  flesh.  When, 
however,  a  surplus  of  food  is  taken,  then  part  of  the  excreta  is  due  to  metamorpho- 
sis of  blastema.  Thus  when  a  surplus  of  meat  was  consumed  by  the  cat,  a  certain 
p>rtion  entered  in  a  state  of  flesh,  replacing  a  certain  quantity  whose  nitrogen  appeared 
in  the  egesta  under  the  form  of  urea  as  the  representative  of  the  "constant"  meta- 
morphosis; the  rest  was  split  up  in  the  blood  into  a  nitrogenous  and  hydroear* 
bonous  portion.  The  nitrogenous  jportion  was  at  once  thrown  off  as  urea.  A  certain 
amount  of  the  hydrocarbonous  portion  then  either  entered  the  body  as  fat  in  order  to 
supply  the  waste  caused  by  the  "constant  metamorphosis"  necessary  to  produce  the 
typical  amount  of  carbonic  acid,  or  what  amounts  to  the  same  thing,  was  metamor- 
phosed at  once  in  the  blood  in  order  to  produce  that  amount  of  carbonic  acid,  and  so 
saved  the  fat  of  the  body  from  consumption.  If,  after  the  performance  of  this  duty, 
any  of  the  hydrocarbonous  portion  still  remained,  it  too  was  metamorphosed  or  oxidised 
within  the  blood,  limitation  being  made  for  the  quantity  of  oxygen  present.  The 
quantity  of  nitrogenous  material  thus  metamorphosed  directly  in  the  blood  and  thrown 
off  as  urea,  was  designated  by  Sidder  and  Schmidt  the  "  Luxus-consumption."  It  is 
naturally  very  high  with  a  diet  of  pure  flesh,  a  large  amount  of  albumin  requiring 
to  be  split  up  in  order  to  supply  the  necessary  quantity  of  carbonic  acid.  It  is 
reduced  bv  the  addition  of  hydrocarbons  or  carbohydrates  to  the  food,  and  hence  is 
more  marxed  in  camivora  than  in  herbivora. 

This  view  of  Bidder  and  Sdimidt's  is  moreover  supported  b^  the  flict^  agreed  to  by 
nearly  all  observers,  that  the  amount  of  urea  in  the  urine  mcreases  very  consider- 
ably within  a  few  hours  after  taking  food.  It  is  thought  highly  improbable  that  in  so 
short  a  space  of  time  the  food  should  have  actually  been  transformed  into  tissue. 
According  to  Dr.  £.  Sm  ith,  however,  this  post-cibum  rise  of  urea  is  not  so  marked  as 
other  observers  have  taught,  especially  when  the  hourly  variations  in  the  quantity  of 
urea  which  occur  during  hunger  are  taken  into  consideration.  Besides  which  it  must 
be  remembered  that  we  do  not  at  all  know  either  how  rapid  the  changes  in  living  flesh 
may  be,  or,  as  was  observed  above,  how  far  the  anatomical  elements,  the  formed  solid 
portions  of  the  tissues,  for  in  them  lies  the  difficulty,  take  part  in  those  changes. 

Another  argument  for  the  luxus-consumption  is  drawn  from  the  experiments  of  Dr. 
Hammond,  who  found,  with  a  purely  albuminous  diet,  great  increase  of  urea  with 
great  loss  of  strength.  But  to  this  it  may  be  answered  that  the  exact  relation  between 
nitrogenous  metamorphosis  and  the  production  of  vital  force  is  not  yet  fully  established ; 
that  it  is  quite  possible  that  excessive  metamorphosis  of  even  muscular  tissue  should 
take  place,  and  yet  the  force  so  liberated  not  take  on  the  form  of  muscular  power ;  and 
moreover,  that  urea  need  not  necessarily  be  assumed  to  arise  from  muscular  tissue  alone, 
but  might  be  supplied  from  all  the  formed  tissues  which  we  have  classed  together 
under  the  head  of  flesh.  The  phenomena  of  the  disease  called  Diabetes,  again,  offer 
several  important  lessons  on  this  po\pt.  Thus  Ringer  (Med.  Chir.  Trans,  xliii.) 
having  observed  in  that  malady,  during  hunger  as  well  as  after  a  non-amylaceous  meal. 
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•  eonfltant  TStio  between  the  amount  of  sngar  and  of  area  preeent  in  the  urine,  natnrally 
infers  tib»  eziBtenoe  of  a  common  source  for  both ;  and  finding  reasons  for  believing 
that  the  sugar,  at  least  in  some  forms  of  diabetes,  comes,  not  from,  the  tissues  generallj, 
but  from  the  liver  in  particular,  ai^es  that  the  urea  comes  from  the  same  organ  too, 
both  perhaps  arising  nom  a  splitting  np  of  protein  substance.  Hanghton  also  sup- 
ports the  same  view.  But  the  theory  of  a  luxus-consumption  requires  that  the  urea 
should  not  come  from  a  metamorphosis  of  the  liver,  but  of  the  blood,  or  rather  of  the 
blastema,  as  it  passes  through  the  liver.  And  these  two  things  have  not  been  held 
aaffidently  distmct.  The  basis  of  Bidder  and  Schmidt's  views  was  the  constant  ratio 
of  urea  to  body-weight  which  wss  maintained  during  the  whole  of  the  starvation- 
experiments  The  truthfulness  of  the  result  has,  however,  been  impugned  by  the  obser- 
Tationa  ofBischof  and  V o i t.  They  submitted  a  dog  to  a  hunger-experiment  on  five 
difleient  occasions : — 1.  After  a  very  rich  meat  diet. — 2,  After  a  meat-diet  decreasing 
mdually  in  amount^  the  last  day's  diet  being  178  grms.  meat. — 3.  After  a  very  rich 
dieit  of  1,800  grms.  meat  and  250  grms.  fat  daSj  for  7  days. — 4.  After  several  days  of  a 
diet  of  176  grms.  meat  and  from  60-260  fat  daily. — 6.  After  being  fed  for  several  days 
with  meat  decreasing  from  700  grms.  to  160  grms.  daily,  and  variable  quantity  of  £it, 
smd  Ibr  the  last  two  days  on  about  860  grms.  &t  only.  The  following  table  shows  the 
amount  of  urea  excreted  per  kilogramme  per  diem,  for  each  day.  The  duration  of  each 
ei^eriment  varied  considerably. 

No.  1.  No.S.  No.  8.  No.  4.  No.  5. 

First  dav  .  .  •  '72  grm.  '62  grm.  *92  grm.  '34  grm.  '14  gmu 
Second  day  . 
Thirdday  . 
Fourth  day  . 
Fifth  day  . 
Sixth  day 
Seventh  day 

The  excretion  of  urea  per  kilogramme  per  diem  for  the  last  two  days  of  the  diet  in 
each  case  was— 

Last  day  but  one  •        .  3*94  gtms.  '81  grm.    3*18  grms.  '74  grm.    '36  grm. 
Last  day       .        .        .  399     „       '78    „       322    „        '66    „        ^36    „ 

From  these  figures  it  is  dear  that  there  was  in  the  case  of  this  dog  no  constant 
ratio  of  urea  to  body-weight  at  alL    It  is  true  that  in  none  of  the  experiments  was 
the  period  of  inanition  so  prolonged  as  in  Bidder  and  Sdimidt's  experiment,  and 
thezefbre  the  possible  effect  of  food  still  contained  in  the  body  not  so  thoroughly 
eliminated.    But  in  the  cat  the  constant  ratio  was  reached  on  the  second  or  at  fhrtnest 
the  third  day,  and  in  the  dog  the  amount  of  urea  passed  during  the  two  days  preceding 
inanition,  shows  that  in  no  caae  could  the  urea  of  the  second  or  even  first  day  <^ 
hun^  be  supposed  to  have  arisen  to  any  ereat  extent,  directly  from  the  food  of  the 
previous  days.    Bidder  and  Schmidt  believed  the  typical  amount  of  urea  passed  during 
starvation,  bespeaking  the  typical  amount  of  nitrogeneous  tissue  undeigoing  metamor- 
phosis, to  be  determined  by  the  topical  amount  of  vital  force  necessaiy  for  the  susten- 
ance of  life.    The  immense  difirerence  between  '92  and  ^14  occurring  in  the  same 
animal  with  surrounding  circumstances  nearly  the  same,  and  therefore  most  pro- 
bably with  the  same  demand  for  the  exercise  of  the  forces  of  life,  shows  very  dearly 
that  the  amount  of  metamorphosis  ought  not  be  considered  as  depending  solely  on  the 
can  for  the  manifestation  of  vital  energy.    But  if  so,  the  idea  of  the  typical  amount  of 
vrea  must  be  thrown  on  one  side,  and  consequently  the  theory  of  the  luxus-consumption 
deprived  of  its  base.    On  the  other  hand,  if  we  reflect  that  in  series  Nos.  1  and  8  the 
dog  had  lived  for  some  time  on  a  diet  afterwards  determined  to  be  very  effectual 
towards  the  storing  up  of  nitrogenous  material,  in  No.  2  on  a  diet  less  effectual  for  that 
purpose,  in  Nos.  4  ana  6  on  one  still  less  so,  and  that  therefore  the  amount  of  nitrogen- 
ous material  or  flesh  in  the  body  of  the  animal  at  the  commencement  of  each  hunger 
experiment  might  be  placed  in  a  lessening  series  in  the  order  No.  3,  No.  1,  No.  2,  No.  4, 
No.  6, — ^the  results  obtained  by  Bischof  and  Voit  might  fairly  be  interpreted  as  meaning 
that  Uie  amount  of  urea  excreted  per  diem  depends  directlv  on  the  amount  of  nitrogen- 
ous material  stored  up  in  the  animal  as  flesh.    The  contradiction  between  the  two  sets  of 
observations,  betweeu  the  facts  of  Bidder  and  Schmidt's  cat,  and  those  of  Bisdiof  and 
Yoitf  s  dog,  requires  explanation ;  but  unless  there  are  serious  errors  in  the  actual  deter- 
minations of  the  latter,  it  is  difficult  to  escape  from  the  conclusion  that  all  the  nitro- 
genoua  material  taken  in  as  food  does  become  part  and  pared  of  the  body,  is  really 
assimilated  into  flesh  (using  that  word  in  the  general  sense  deflned  above,  and  not 
limiting  it,  as  Bischof  and  Voit  appear  to  do,  to  muscular  tissue)  before  it  undergoes 
netamOEphoeis  into  urea,  and  that  one  of  the  prindpal  laws  of  nutrition  is  that  the 
amount  m  metamorphosis  of  flesh,  taking  place  in  the  body  at  a  given  time,  depends 
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directly  upon,  in  other  words  is  a  function  of,  the  amount  of  flesh  therein  present  The 
validity  of  this  conclusion  is  assumed  in  all  Bischof  and  Voit's  subsequent  investiga- 
tions, and  thus  forms  the  basis  of  their  other  results,  which  are  as  follows.  It  will 
be  remembered  that  these  observers  have  left  room  for  errors  by  not  determining 
directly  the  carbon  of  the  egesta.  Their  practice  of  always  reckoning  the  nitrogenous 
material  of  the  body  as  wet  muscle  only  leads  also  in  all  probability  to  additional 
inaccuracies,  and  throughout  the  whole  of  their  researches  an  element  of  uncertainty 
is  introduced  through  variations  in  the  nutritive  power  of  the  animal,  both  as  regards 
character  and  amount,  caused  by  the  diet  itself  and  well  seen  when  a  change  is  made 
from  one  kind  of  food  to  another.  Thus  with  the  same  rations,  viz.  1,800  grms.  meat, 
the  dog  on  one  occasion,  after  living  for  the  previous  forty  days  on  bread,  gained  in 
bodily  weight  at  the  rate  of  less  than  1  grm.  per  kil.  per  diem ;  at  another  time,  after 
three  days'  hunger  following  an  insufficient  meat  diet,  he  gained  at  the  rate  of  over  2 
grms.  per  kiL  per  diem ;  on  a  third  occasion,  after  a  long  suspension  of  the  experi- 
ment, during  which  he  lived  after  the  manner  of  dogs  in  genend,  he  lost  at  the  rate 
-66  grm.  per  kiL  per  diem. 

The  first  series  of  experiments  were  made  with  a  diet  of  meat  alone.  The  first  and 
chief  effect  of  meat  taken  as  food,  was  a  rise  in  the  amount  of  urea,  that  is  to  say  an 
increase  in  the  metamorphosis  of  flesh.  Supposing  that  at  the  time  of  giving  the  food, 
the  dog  was  already  ill-fed  and  losing  in  bodily  weight,  the  effect  of  a  small  quantity 
of  meat  was  such  an  increase  in  the  metamorphosis,  that  the  animal  stored  nothing  up 
but  continued  to  lose  in  weight.  An  increase  of  the  meat  ration  similarly  increased 
the  metamorphosis  and  similarly  permitted  the  loss  in  weight.  A  further  increase 
acted  in  the  same  way.  But  this  was  observed,  that  with  a  succession  of  equal  incre- 
ments of  food,  the  increments  of  metamorphosis  successiv^y  diminished.  Hence,  by 
continuing  the  increase  of  food,  a  limit  was  at  last  reached,  at  which  the  increase  of 
metamotphosis  ceased.  The  animal  might  then  be  said  to  be  in  a  condition  of  equili- 
brium, the  ingesta  and  egesta  balancing  each  other.  Such  a  state  of  things  was 
established  in  Bischof  and  Voit's  dog  only  when  the  amount  of  meat  consumed  as 
food  was  equal  to  about  ^  toj^  of  the  total  weight  of  the  animal.  Beyond  that  point 
an  increase  of  food  was  stored  up  as  increase  of  bodily  weight.  But  in  a  very 
short  time  after  such  a  gain  in  weight,  the  totality  of  the  processes  of  the  economy 
accommodated  themselves  to  the  new  state  of  things,  to  the  increased  mass,  and  thereby 
gave  rise  to  an  increase  of  metamorphosis.  To  supply  this  increase  of  metamorphosis 
a  further  increase  of  food  was  required,  and  so  another  equilibrium  was  established  on 
a  higher  platform,  so  to  speak,  of  waste.  On  still  further  addition,  the  same  process 
was  gone  through  again,  until  the  animal  refused  to  eat  the  required  quantity  of  food. 
Loss  of  weight  of  course  then  occurred,  with  a  reduction  of  the  equilibrium  to  a  lower 
leveL 

The  cause  of  the  successive  diminution  in  the  increments  of  metamorphosis  caused 
by  successive  augments  of  the  food,  is  to  be  sought  for  in  the  approximatively  constant 
quantity  of  oxygen  present  in  the  blood  for  the  purposes  of  oxidation.  We  have 
therefore  three  things  to  notice.  First  an  amount  of  metamorphosis  proper  to  the  flesh. 
Secondly,  an  increase  in  metamorphosis  due  to  the  presence  of  food.  Thirdly,  a 
government  of  the  metamorphosis  by  the  oxygen  of  the  system.  In  other  words,  the 
metamorphosis  is  a  function  of  three  factors — one,  a  constant  (or  approximatively  such), 
the  other  two,  variables— viz.  Oxygen,  Flesh,  and  Food,  or  as  Bischof  calls  it,  Plasma, 
Blastema.  The  next  series  of  experiments  was  conducted  with  meat  and  fat,  and  with  fat 
alone.  It  was  found  that  the  addition  of  fat  to  a  meat  diet  affected  the  body  in  two 
different  ways.  On  the  one  hand,  fat  not  only  did  not  prevent  by  its  presence  that 
increase  of  metamorphosis  which  had  previously  been  observed  to  follow  upon  an 
increase  in  the  quantity  of  meat  consumed,  but  was  itself  a  cause  of  increase,  inas- 
much as  it  added  to  the  mass  and  internal  labour  of  the  economy.  On  the  other  hand, 
apparently  from  its  greater  readiness  for  oxidation,  it  preoccupied  the  oxygen  of  the 
system,  and  so  sheltered  the  flesh  from  oxidation  and  metamorphosis.  Hence  the 
addition  of  fat  to  meat  as  food  lowered  the  platform  at  which  metamorphosis  was 
-arrested  for  want  of  oxygen  and  an  equilibrium  established.  One  third  or  one  fourth 
only  of  a  quantity  of  meat  required  for  an  equilibrium,  when  meat  alone  was  given, 
was  needed  when  fat  was  added  to  it. 

Sugar  and  starch  were  found  to  act  veiy  much  in  the  same  way  as  &t,  except  that> 
apparently  by  reason  of  the  greater  facility  for  oxidation  possessed  by  sugar,  equili- 
brium w£Ui  established  with  even  a  less  expenditure  of  meat  than  was  the  case  with 
fat.  A  similar  conclusion  may  be  drawn  from  the  results  of  the  system  of  Mr.  Banting. 
The  experiments  ofHenneberg  and  Stohmannon  oxen,  conducted  in  a  very  similar 
manner  to  those  of  Bischof  and  Voit,  the  carbon  of  the  egesta  being  calculated,  not 
directly  determined,  are  interesting  as  showing  that  the  herbivora  are  subject  to  the 
same  laws  of  nutrition  as  the  carnivora.  Theso  oWrvers  found  that  in  the  ox  the 
metamorphosis  was  a  function  of  the  flesh ;  that  it  was  inci^eased  with  an  increase  of 
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protein-sabfltance  in  the  food,  the  increment  of  the  metamorphoeis  snocessivelj  diminish- 
ing, howerer,  with  raccessive  increase  of  protein  food,  so  that  at  last  an  equilibrium  was 
established ;  that  the  addition  of  non-nitrogenous  material  to  the  food  lowered  in  pro- 
portion to  its  amount  the  quantity  of  protein-substance  necessary  for  the  establish- 
ment of  that  equilibrium  or  for  the  storing  up  of  bodily  weight.  As  might  be  expected, 
the  amount  of  protein-substance  necessaiy  for  an  equilibrium  under  any  circumstances 
was  far  less  than  that  required  by  the  dog. 

Han,  standing  so  to  speak  between  camiTora  and  herbivora,  has  been  studied  by 
Banke  with  very  similar  results  (Banke  in  many  of  his  experiments  directly  deter- 
mined the  carbon  of  egesta  in  Pettenkofer*s  apparatus).  He  also  found  that  the  meta- 
morphosis was  a  function  of  the  flesh  of  the  body,  that  it  was  also  a  function  of  the  food 
or  Blastema,  being  largely  increased  by  a  meat-diet.  Contrary,  however,  to  the 
experience  touching  the  dog,  he  was  unable  to  reach  an  equilibrium  when  feeding  on 
meat  alone.  While  eating  the  largest  amount  of  meat  possible,  viz.  1,800  gnus.,  he 
still  lost  weight.  He  moreover  found  that  the  addition  of  fat  or  starch  to  food,  rendered 
etasy  the  establishment  of  an  equilibrium.  The  concordance  of  the  results  of  these 
different  observers  speaks  strongly  for  the  probable  correctness  and  worth  of  these 
**  laws  of  nutrition." 

In  the  above  statement^  metamoxphosis  generally,  and  metamorphosis  of  flesh,  have 
been  used  indiscriminately  on  the  ground  Uiat  the  latter  is  really  tke  chief,  central  and 
determining  part  of  the  whole.  It  remains  to  determine  how,  when  equilibrium  has 
been  estabhshed,  and  a  storing  up  commenced,  the  elements  of  flesh,  fat  and  water  are 
distributed  in  the  increase ;  similarly  also  how  they  are  related  to  each  other  in  a 
decrease  when  that  occurs.  The  conclusions  arrived  at  when  the  carbon  was  calculated, 
instead  of  being  observed,  must  of  course  be  received  with  caution. 

According  to  Bischof  and  Yoit,  when  an  animal  is  ill-fed  with  meat,  he  loses  not 
only  flesh  but  also  fat  from  his  body.  With  an  increasing  diet  of  meat,  and  accom- 
panying increase  of  metamorphosis,  the  loss  of  fat  lessens,  and  finally  ceases  with  the 
establishment  of  equilibrium.  Pettenkofer  and  Voit  have  moreover  shown  that 
with  a  rich  meat-diet,  when  there  is  a  balance  between  the  nitrogen  of  egesta  and 
ingesta,  there  is  most  probably,  judging  from  the  retention  of  carbon,  a  very  conside- 
rable storing  up  of  fat.  The  same  result  was  also  arrived  at  by  B  i  d  d  e  r  and  Schmidt 
It  is  only  intelligible  on  the  hypothesis  that  the  metamorphosis  of  flesh,  like  Bidder 
and  Schmidt's  metamorphosis  of  blastema,  consists  in  the  splitting  up  of  protein 
into  a  nitrogenous  and  a  hydrocarbonous  portion.  Banke,  on  the  contrary,  found  that 
with  the  largest  meat-diet  possible,  he  still  consumed  fat  while  he  stored  up  flesh,  with 
a  total  result  of  loss  in  weight  owing  probably  to  a  giving  off  of  water.  The  addition 
of  fat  to  food  naturally  lessened  the  consumption  of  the  fat  of  the  body,  if  in  sufficient 
quantity,  arrested  it  or  even  led  to  a  storing  up  of  fat.  It  was  also  found  that  when, 
with  a  given  quantity  of  fat,  the  amount  of  meat-food  was  pushed  beyond  what  was 
necessary  for  an  equilibrium,  and  the  flesh  of  the  body  consequently  increased,  with  a 
proportionate  increase  of  metamorphosis,  such  an  excess  of  nitrogenous  material  under- 
going metamorphosis  was  at  last  arrived  at,  that  it  preoccupied  the  oxygen  of  the 
system  to  the  exclusion  of  the  fat.  The  fat  of  the  body  was  retained  and  that  of  the  food 
BtoTfd  up  in  presence  of  a  large  unnecessary  nitrogenous  metamorphosis.  The  same  residt 
was  also  obtained  by  Hen  neb  erg,  and  illustrates  the  uselessness  of  attempting  to  in- 
crease the  casein  of  milk  by  giving  protein-food  beyond  a  certain  limit.  Bi  schof  and 
Voit  found  sugar  and  stanSi  also  to  spare  the  consumption  of  fat,  but  the  dog  was 
found  unable  to  digest  such  a  quantity  of  sugar  as  might  be  supposed  sufficient  to  cover 
the  total  waste  in  Tat  and  lead  to  a  storing  up  of  it.  Hen  neb  erg  however  found  that 
this  was  extremely  easy  in  the  ox,  a  fact  which  has  been  kuigely  shown  by  the 
reeearehes  of  L a  w  e  s  and  Gilbert.  These  last  observers  indeed  found  the  storing  up 
of  fikt  to  form  so  large  a  share  of  the  total  result  of  the  general  feeding  of  animals  for 
the  butcher,  that  they  were  led  to  consider  butcher^s  meat  in  its  totality  not  as  nitro- 
genous but  as  hydrocarbonous  food.  Their  results  have  a  peculiar  value  inasmuch  as 
they  were  obtained,  not  by  calculating  back  from  the  excreta,  but  by  the  actual  analysis 
of  several  typical  specimens,  and  by  numerous  determinations  of  weight  serving  as 
data  for  comparisons.  The  effect  of  ordinary  flittening  food  upon  the  flesh,  fat 
and  water  of  the  bodies  of  oxen,  sheep  and  pigs  is  illustrated  by  the  following  table: 

CalctUated  composition  of  100  increase  whilst  fattening. 

Mineral  Dry  nitrogenoui     p^  Tntnl  drj 

matter,     compoundt.  tub«taiice. 

Average  for  98  oxen       .                 .  1*47  769  662  76-4 

Average  for  348  sheep    .                 .  2*34'  7*13  70*4  799 

Avenge  for  80 pigs  .        .  006  6*44  71*5  780 

A  fat  pig  actually  analysed  .  '63  7'76  63*1  71*4 

*  Too  high  owing  to  fbreign  matteri  in  wool. 
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The  relation  between  the  amount  of  metamorphoeia,  and  oonaeqnently  of  the  storing;  np 
or  increaae,  and  the  Tariona  elements  of  the  food,  was  thmS  found  to  be  as  follows.  WitJa 
sheep,  the  amount  of  diy  nitrogenous  material  stored  up  in  the  body  for  eTezy  100  pts. 
of  the  same  consumed  as  food  was  on  the  ayerage  4*41 ;  of  non-nitrogenons  material, 
that  IS  fj&t,  stored  up  for  every  100  pts.  of  non-nitrogenous  substance  consumed  as  food, 
the  quantity  was  9-4,  the  remainder  in  each  ease  being  either  not  digested,  or  lost  in 
metamorphosis.  With  pigs  the  numbers  were  7*34  and  21-2  respectively,  the  largeness 
of  the  numbers  being  due  in  part  at  least  to  the  pigs'  food  being  more  digestible.  The 
same  facts  may  be  placed  in  another  Ught.  Thus  with  sheep,  for  every  100  pts.  of 
the  total  dry  matter  of  food  (mostly  oil  cake  and  clover)  there  were  stored  up  '72  of  dry 
nitrogenous  material,  7*13  of  fat,  and  *02  of  mineral  matter;  91*94  being  lost  in  diges- 
tion or  in  metamorphosis.  With  pigs,  feeding  on  bran,  beans  and  meal,  the  numbers 
were  1*44,  15*81,  *02,  82*73  respeetivdy.  It  is  worthy  of  notice  that  these  independent 
observations  may  be  interpreted  as  agreeing  very  closely  with  the  general  results 
described  above,  namely  that  increase  of  nitrogen  means  increase  of  metamorphosis, 
and  that  an  amount  of  nitrogen  in  fattening  food  beyond  a  certain  limit  does  not 
end  in  storing  up  of  flesh,  but  in  an  augmentation  of  nitrogenous  metamorphosis  with 
lessened  waste  of  £eit  That  fat  was  actually  formed  in  the  body  is  clearly  shown  by 
the  fiict,  that  for  100  pts.  of  fat  as  such  consumed  in  food,  from  405-472  pts.  of  fat 
were  stored  up  as  increase.  No  marked  difference  was  observable  between  sugar  and 
starch  as  £eit-storing  constituents  of  food. 

Bischof  and  Yoit,  experimenting  with  gelatin,  found  that  a  large  addition  of  that 
substance  to  a  meat-diet  led  to  a  storing  up  of  flesh  but  a  waste  of  fot,  when  the 
quantity  of  meat  consumed  with  the  gelatin  was  such  that  either  with  it  alone  or  with 
mt  besides  there  was  no  storing  up  of  flesh.  It  was  hence  inferred  that  gelatin  really 
does  to  a  certain  extent  take  part  in  the  metamorphosis  of  flesh,  and  does  not  simply 
shelter  the  flesh  by  preoccupying  the  oxygen  after  the  manner  of  fat^  So  large  an  amount 
of  gelatin,  however,  was  neceesaiy  for  ^lia  purpose  as  to  explain  why  animals  fed  on 
gelatin  alone  could  not  thrive. 

Our  knowledge  of  the  history  of  each  alimentary  principle,  as  it  passes  through  and 
among  the  metamorphoses  sketched  above,  is  necessarily  very  imperfect^  and  will  be 
more  fitly  put  in  the  way  of  question  than  of  sutement.  YHiat,  for  instance,  is  the  history 
of  sugar?  Is  it  absorbed  into  the  blood  and  at  once,  if  required,  oxidised?  If  the 
surplus  is  stored  up  as  fat,  how  does  it  become  fkt?  Is  the  fat  which  is  stored  up  by 
reason  of  the  presence  of  the  surplus,  really  and  truly  that  same  sugar  exchanged  into 
fBtf  or  did  the  sugar  step  into  a  metamorphosis,  and  by  a  sacrifice  of  itself  turn  off  in 
fat  certain  elements  which  would  otherwise  have  followed  another  path  ?  Questions 
such  as  these  pertaining  to  each  alimentary  principle  spring  up  in  abundimce,  but 
their  solution  belongs  rather  to  physiology  in  general  than  to  nutrition  in  particular. 
We  may  mention  a  few  experiments  only  which  seem  to  suggest  that  the  complexity  of 
the  changes  taking  place  in  the  economy  is  rather  under  than  overrated  in  our  present 
accepted  doctrines. 

It  is  well  known  from  the  experiments  of  B  egnault  and  Beiset  that  the  proportion 
of  oxygen  fixed  in  respiration  which  reappears  with  the  carbonic  add  of  the  egesta 
varies  according  to  the  food,  being  greater  with  the  carbohydrates  than  with  the 
hydrocarbons.  Pettenkofer  and  Voit  observed,  however,  that  in  their  dog,  when 
fed  on  flesh  with  suffar  or  starch,  the  amount  of  oxygen  in  the  carbonic  acid  considerably 
(127  to  100)  excee^d  the  total  amount  of  oxygen  fixed  in  respiration.  This  was  coin- 
cident with  the  appearance  of  f^ee  hydrogen  and  marsh-gas  in  the  respiration  chamber. 
Guided  by  the  investigation  of  Planer  on  intestinal  gases,  they  came  to  the  conclusion 
that  the  starch  and  sugar  suffer  within  the  alimentary  canal  a  sort,  of  fermentative 
decomposition,  by  which,  as  in  vinous  fermentation,  a  quantity  of  carbonic  add  is  given 
off,  in  the  production  of  which  the  oxygen  of  the  atmosphere  has  had  no  part.  This 
observation  shows  strongly  that  the  amount  of  carbonic  add  in  the  egesta  is  no  true 
measure  of  the  oxidacbn  of  the  body,  and  therefore  of  the  generation  of  force,  as  has 
generally  been  supposed  to  be  the  case. 

It  is  curious  that  Qzouven,  working  through  the  devious  and  dangerous  path  of 
elaborate  analyses  and  still  more  elaborate  calculations,  should  have  come  to  a  very 
dmilar  oondudon  with  regard  to  the  fate  of  the  carbohydrates  consumed  as  food  by 
oxen.  He  attempted  to  estimate  the  *'  nutritive  value  *'  of  various  alimentary  principles, 
starch,  sugar,  gum,  &c.,  &c.,  by  mixing  known  quantities  of  them  with  a  fixed  ration 
of  straw,  and  then,  having  calculated  the  changes  that  had  taken  place  during  a  given 
time  in  the  body  of  the  animal,  gain  or  loss  of  flesh,  fat  and  water,  compared  the  rwults 
with  the  previouslv  determined  effect  of  the  straw-ration.  He  found  that  his  focts  only 
became  utelligible  on  the  hypothesis  that  within  the  alimentary  canal  the  carbo- 
hydrates were  split  up  into  two  sets  of  bodies,  one  rich,  the  other  poor,  in  oxygen ;  that 
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the  fonner  were  thxown  off  rnmsed,  while  the  latter  were  absorbed  and  probably  were 
conTerted  into  fat.  He  goes  even  so  far  as  to  dednce  from  his  elementary  calcmationa 
the  formulae  of  the  change.  Thus  starch  gave  rise  to  glycerin,  butyric,  and  lactic  adds, 
which  were  assimilated,  and  carbonic  add  and  marsh-gas,  which  were  at  once  excreted. 
These  results  are  perhaps  of  more  value  as  prorocatiye  of  Aiture  researches  than  as  being 
by  themselyps  trustworthy  facts ;  but  at  least  they  point  to  possibilities,  both  of  diges- 
tion and  nutrition,  not  as  yet  fully  recognised. 

The  results  described  above  as  laws  of  nutrition  refer  to  what  have  been  called 
force-generators.  The  laws  belonging  to  the  force-regulators  are  so  complex,  so  little 
understood  at  present,  and  consequenSy  so  much  debated,  that  it  is  thought  better  to 
omit  the  consideration  of  them  altogether. 

Some  substances,  such  as  alcohol,  can  perhaps  hardly  be  rcgirded  as  of  settled  position 
whether  among  the  generators  or  regulators ;  others,  tea,  coffee,  salt,  &c.,  have  nkewise 
been  the  subjects  of  much  research  and  debate.    (See  Smith,  Yoit,  &c.,  &c) 

B.    Dynamics, 

While  the  statical  part  of  the  sulject  is  of  course  of  most  interest  in  reference  to  the 
nutrition  of  animals  destined  to  be  slaughtered  for  food,  the  dynamical  partis  of  most 
importance  when  the  nutrition  of  man  is  considered.  What  kind  of  food  is  best  adapted 
for  the  development  of  muscular,  what  for  nervous  force  ?  are  the  most  fundamental 
problems  of  physiology.  Previous  to  entering  into  detail,  however,  an  inquiry  should 
be  made  (if  for  nothing  else,  at  least  for  the  sake  of  justifying  the  assumption  of  the 
a{^licability  of  the  conservation  of  forces  to  the  living  frame)  between  the  total  income 
and  total  expenditure  of  force.  This  will  be  most  convenientlv  done  by  reducing  both 
to  units  of  heat.  The  determination  of  the  total  amount  of  force  expended  within 
a  given  time  by  an  animal  body  is  a  comparatively  easy  task.  For,  diverse  as  are  the 
various  manifestations  of  force  within  the  economy,  they  are  all  reduced,  before  they 
leiive  the  body  as  expended  force,  into  two  modes  only,  namely  heat  and  medianical 
effect,  the  quantity  leaving  the  body  as  electricity  bein^  probably  exceedingly  smalL 
Thus  all  the  various  forces  which  we  dass  together  under  the  name  of  nervous  fbic« 
reaolve  themselves,  after  all  their  multitudinous  wanderings  and  transformations,  into 
heat,  except  the  minute  fraction  which  may  be  supposed  to  be  carried  on  into  muscular 
action,  and  so  to  find  its  exit  as  mechanical  effort  Muscular  action  too  loses  itself 
partly  as  mechanical  effect,  but  to  a  much  greater  amount  probably  as  heat.  All 
secretive  or  nutritive  action  again  poes  out  as  heat.  Heat  and  mechanical  movement 
an  in  fact  the  only  true  effectus  of  the  animal  body.  Whatever  does  not  go  out  in  the  one 
form,  issues  in  the  other.  Two  animals,  living  on  the  same  food,  and  subject  to  the 
same  metamorphosis,  will  rise  to  the  same  amount  of  actual  energy,  and  yet  in  the  one 
a  large  amount  of  that  energy  may  assume  the  form  of  mechanic^  effect,  while  in  the 
other,  no  muscular  exertion  beins  made,  it  nearly  all  goes  out  as  mere  heat,  which,  being 
dissipated  as  soon  as  generated,  causes  no  alteration  in  the  animal's  temperature. 
Hence  if  we  estimate  the  total  mechanical  effect  of  any  animal  during  a  given  time,  and 
the  total  amount  of  heat  given  off  at  the  same  time,  we  shall  obtain  the  total  amount 
of  expended  force.  This  may  readily  be  done  by  placing  an  animal  in  a  calorimeter, 
with  a  tread-wheel  for  determining  the  mechanical  eflect.  By  redudng  the  mechanical 
effect  to  units  of  heat,  and  adding  them  to  the*number  of  umts  of  heat  denoted  by  the 
calorimeter,  we  arrive  at  the  total  expended  force  estimated  in  units  of  heat.  A 
calorimeter  is  doubtless  not  a  proper  home  for  an  animal,  and  therefore  probably  the 
result  of  the  experiment  will  not  give  accuratdy  the  normal  expenditure  of  the  natural 
animal,  seeing  now  sensitiye  and  responsive  in  all  its  parts  is  the  animal  economy  to 
variations  of  temperature.    Tet  it  cannot  be  far  from  tne  truth. 

The  estimation  of  the  total  force  of  the  income  is  a  much  more  difficult  task.  The 
nnits  of  heat  given  off  by  the  combustion  of  each  article  of  food  have  to  be  determined, 
and  from  their  sum  total  has  to  be  deducted  the  number  of  units  of  heat  still  obtainable 
from  the  incompletely  oxidised  portion  of  the  excreta  bdonging  properly  to  the  food 
in  question.  Unfortunately  this  at  present  has  not  been  accomplished.  It  has 
generally  been  deemed  sufficient  to  calculate  the  latent  energy  of  any  alimentary 
srubstance  from  the  units  of  heat  given  off  by  the  combustion  in  anunoombined  state. 
of  its  carbon  and  free  hydro^n.  This  however  (see  Hbat)  leads  to  a  result  which  we 
may  safely  assume  as  being  incorrect.,  without  knowing  how  far  it  errs  from  the  truth. 
Hence  the  fiiilnre  of  Dulong  and  Despretz  to  obtain  a  balance  between  the  actual 
heat  given  off  by  an  animal  during  a  given  time,  and  the  amount  calculated  as  due  to 
the  quantity  of  carbon  and  hydrt^n  presumed  to  have  been  actually  oxidised  in  the 
syrtem  during  that  time,  cannot  be  regarded  as  any  argument  against  the  possibility  of 
obtaining  such  a  balance  with  great  exactitude  if  more  correct  methods  were  employed. 
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UsiDg,  however,  such  imperfect  means  in  the  absence  of  better  onee,  Helmholtz 
calcidates  that  a  man  of  82  kilogrms.  weight  expends  in  24  hours  2,700,000  units  of 
heat,  of  which  2*6  percent,  goes  to  wanning  the  food  and  drink,  2*6  per  cent,  to  warming 
the  air  of  respiration,  14*7  per  cent,  is  lost  in  the  evaporation  of  water  through  the 
lungs,  the  remainder  77*5  per  cent,  being  distributed  over  loss  by  urine  and  faeces,  eva- 
poration from  skin,  radiation  and  conduction  from  surface,  and  mechanical  effect. 

Lu  dvig  calculates  the  mechanical  effect  of  a  good  day's  work  to  be  equivalent  only 
to  220,930  units  of  heat. 

Still  more  difficult  is  the  task  of  tracing  backwards  to  the  food  or  onwards  to  the 
excreta,  any  of  the  special  kinds  of  forces  at  work  within  the  economy.  To  take  for 
instance  muscular  force,  as  one  of  the  simplest,  it  may  be  asked,  which  elements  of 
food  contribute  solely  or  chiefly  to  its  production,  and  which  of  the  elements  of  the 
egesta  may  be  taken  as  the  index  of  its  occurrence.  The  Kev.  S.  Haughton  (Dublin 
Quarterly  Medical  Journal,  1869,  1860),  taking  it  for  granted  that  the  nitrogen  of  the 
urine  and  feeces  represented  the  whole  muscular  or  mechanical,  nervous  or  mental, 
and  nutritive  or  vital,  work  of  the  economy,  while  the  remaining  excreta  answered  to 
what  he  caUs  the  opus  ealorificum^  made  the  following  investigation.  Having  deter- 
mined the  daily  excretion  per  anum  et  vesicam  of  nitrogen  reckoned  as  urea  in  a  series 
of  men  of  different  bodily  weights,  performing  different  mechanical  work,  undergoing 
different  mental  labour,  he  was  enabled  to  construct  a  series  of  equations,  which  he 
solved  for  certain  values  which  it  was  desired  to  know.  He  thus  calculated  that  300 
grains  of  urea  represent  the  dailj  nutritive  work  of  a  man  weighing  150  lbs. ;  that  136*5 
grains,  of  urea  represent  the  muscular  force  required  to  lift  150  lbs.  through  one  mile, 
a  hard  day's  work ;  that  222  grains,  of  urea  represent  the  daily  mental  exertion  of  a 
man  of  business.  It  need  hajrdly  be  said,  however,  that  the  assumptions  on  which 
these  calculations  are  based,  are  open  to  grave  objections. 

In  dealing  with  the  statics  of  this  subject  the  word  flesh  was  used  to  denote  the  total 
protein-substance  of  the  body.  And  it  was  only  in  this  wide  sense  of  the  word  that 
urea  was  considered  as  the  result  of  the  metamorphosis  of  flesh.  It  is  true  that  Bischof  and 
Voit  use  the  same  word  flesh  as  synomymous  with  muscle,  but  such  an  assumption  rests 
on  no  basis  of  £&cts.  Although  the  nervous  system  in  Bidder  and  Schmidt  and  Chossat's 
experiments  seemed  to  suffer  but  little  waste  in  inanition,  we  cannot  for  that  reason 
conclude  that  during  life  it  suffers  little  metamorphosis.  On  the  contrary,  it  is  impos- 
sible, with  the  general  views  by  which  we  are  judging  the  whole  subject,  to  think 
otherwise  than  that  where  there  is.  apparently  so  much  production  offeree,  there  should 
also  be  much  change.      And  as  far  as  the  changes  in  the  nervous  tissue  simplicate  the 

frotein  substances  therein  contained,  they  must  be  considered  as  giving  rise  to  urea, 
n  the  liver  again,  in  the  glands,  and  in  all  the  other  organs  which  we  may  call  the 
nutritive  organs,  wemu8talso(in  addition  to  thechanges  supposed  according  toonetheozy 
to  occur  in  the  digested  food  as  it  passes  thiough  or  comes  in  connection  with  those 
oigans  in  the  blood  current)  suppose  considerable,  it  might  almost  be  said,  excessive 
metamorphosis  to  take  place,  which  in  so  far  as  it  is  nitrogenous  will  also  produce  urea. 
Hence  the  total  amount  of  urea  cannot  be  taken  as  an  index  of  the  metamoiphosis  of 
muscular  tissue  oulv.  Nor  can  we  fairlv  assume  that  even  a  large  part  of  it  is  to  be  so 
regarded.  It  may  be  uiged  that  muscular  tissue  forms  a  large  part  of  the  total  protein- 
substance  of  the  body,  that  we  have  every  reason  to  believe  that  it  suffers  great  and 
rapid  changes.  But,  we  possess  no  exact  information  as  to  how  large  a  share  in  ita 
metamorphosis  is  taken  by  its  nitrogenous  constituents  alone,  and  on  the  other  hand  we 
are  similarly  ignorant  of  the  intensity  of  nitrogenous  transformations  in  the  other  organs 
of  the  body.  It  is  true  that  in  muscular  tissue  we  find  creatine  and  creatinine,  and 
there  is  some  reason  for  believing  that  they  (one  or  both)  are  increased  during  muscular 
contraction  when  metamorphosis  is  presumed  to  be  increased;  but  the  physiological 
connection  between  creatinine  or  creatine  and  urea  has  not  yet  been  fully  traced.  On 
the  contrary,  there  are  not  wanting  facts  indicating  the  closest  bonds  between  urea  and 
the  liver.  So  marked  indeed  are  they  that  the  action  of  the  liver  has  been  called  in 
to  assist  the  theory  of  the  luxiLS-consumption,  on  the  idea  that  the  changes  taking 
place  there  belong  not  exactly  to  the  liver  itself,  but  to  the  blood  in  the  liver.  On  these 
points,  however,  our  information  is  exceedingly  imperfect. 

Physiologists  perhaps  err  in  being  apt  t^o  regard  the  processes  of  the  animal  body  as 
too  simple,  too  straightforward.  May  not  urea  and  carbonic  acid  be,  not  the  result  of 
a  splitting  up  and  facile  oxidation,  but  the  ends  of  a  long  series  of^  perhaps  back- 
ward and  forward  changes,  so  that  the  point  or  place  where  each  is  first  detected  is 
not  necessarily  the  place  where  the  most  important  act  of  metamorphosis  takes  place  ? 

If  it  is  difficult  to  connect  urea  in  any  special  manner  with  the  metamorphosis  of  mus^ 
colar  tissue,  it  is  still  more  difficult  to  connect  it  with  the  exhibition  of  muscular  force. 
If  urea  were  the  most  important  product  of  muscular  metamorphosis  and  muscular  me- 
tamorphosis the  most  important  source  of  urea,  then  since,  during  muscular  contraction, 
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the  mcftaniOftpbosifl  of  musctilar  substance  is  presumed,  on  apparently  satis&ctory  gronnds, 
to  be  largely  incroased,  the  amount  of  urea  also  ought  to  be  largely  increased  by  muscu- 
lar exertion.  It  is  true  that  under  this  view  there  will  always  be  in  the  urine  a 
tolerably  lar^  constant  quantity  of  nrea  due  to  the  amount  of  muscular  exertion  em- 

floyed  in  Tisceral  movements,  which  yaries  only  within  comparatively  narrow  limits. 
(at  such  an  amoxmt  must  be  fhlly  overpowered  by  an  excess  of  urea  due  to  violent  and 
long  continued  exercise.  Observations  (S  m  i  t  h,  V  o  i  t,  S  p  e  c  k,  L  e  h  m  a  n  n)  on  the  effect 
of  muecolar  exertion  on  the  excretion  of  urea  are  not  unanimous.  Yet,  eren  when  allow- 
ance is  made  for  retention,  that  is  for  decrease  of  elimination  as  compared  with  decrease 
of  formation,  the  conclusion  may  fairly  be  drawn  that  exercise  even  carried  to  exhaus- 
tion produces  an  increase  of  urea  too  small  to  be  regarded  in  any  way  as  an  equivalent 
of  the  expended  muscular  force.  At  the  same  time  observers  are  equally  agreed  that 
musenlar  exertion  does  produce  a  veiy  huge  increase  in  the  carbonic  acid  of  the  egesta. 
So  dearly  did  this  come  out  in  the  experiments  of  Dr.  E.  Smith,  that  that  gentleman 
bebeves  himself  justiiied  in  recommending  an  addition  of  carbon  to  the  food  when  bodily 
exertion  is  called  for.  It  has  been  urged  that  Voit  and  others,  by  simply  estimating 
the  uiea  (with  uric  acid,  &c)  in  their  experiments,  have  left  open  the  possibility  of  other 
mtzogenoua  bodies  being  present  in  iBrae  quantities  on  such  occasions,  and  on  such 
occasions  only  in  the  urine.  But  these  hypothetical  bodies  have  never  been  detected, 
and  the  possibility  of  their  existence  does  not  negative  the  fact  of  the  increase  in  th^' 
carbonic  add.  It  must  be  remembered  however  that  there  is  in  the  living  muscle,  even 
when  perfectly  at  rest^  an  active  metamorphosis  still  going  on,  resulting  in  part  as  elec- 
tricity, but  finally  as  heat.  Perhaps  even  during  the  very  act  of  contraction  (as 
distinguished  firom  the  conditions  immediately  preceding  and  following)  there  is  not  so 
much  an  increase  of  metamorphosis  as  a  change  in  the  direction  or  form  into  which  the 
energy  set  firee  by  the  metamorphosis  is  converted.  If  so  the  carbonic  acid  would  be 
only  indirectly,  and  the  urea  not  at  all,  an  index  of  the  amount  of  expended  force,  while 
the  total  metamorphosis  of  the  muscular  system  would  measure  possibilities  of  action 
rather  than  actual  achievements.  When  we  reflect  that  the  animal  body  considered  as 
a  working  madiine  is  characterised  by  being  subject  to  sudden  calls  for  action  from 
eveiy  quarter,  it  will  be  easily  understood  that  the  beet  state  of  preparation  for  emergen- 
cies is  not  one  in  which  there  is  a  mere  store  of  latent  energy,  but  one  in  which  force  is 
oontinuaUy  being  liberated  and  therefore  ready  at  a  moment's  notice  to  be  turned  in 
any  particular  dnection,  converted  into  any  particular  form.  This  of  course  implies 
that  for  every  mechanical  effect,  a  large  amount  of  force  is  spent  in  a  non-mechanical 
manner,  and  therefore  apparently  lost.  But  so  abundant  are  the  resources  of  the 
economy  for  the  using  up  of  this  wasted  force,  that  according  toHelmholtz,  while  the 
best  steam-engine  loses  nine-tenths  of  the  total  power  of  its  fuel,  the  human  body  is 
able  to  convert  into  mechanical  effect  one-fifth  of  the  total  power  of  its  food. 

Urea  then  cannot  be  taken  safely  as  a  measure  of  mechanical  work  done  by  the 
body;  with  still  less  safety  perhaps  can  it  be  taken  as  a  measure  of  the  mental 
woric  And  as  it  is  impossible  at  present  to  trace  the  various  members  of  tha 
egesta  back  to  the  various  forms  of  vital  force,  so  it  is  impossible  to  trace  the  latter 
back  to  the  various  constituents  of  food.  If  one  general  view  of  the  whole  vital 
piroeesses  can  be  regarded  as  more  likely  than  another,  it  is  perhaps  the  idea  that  the 
bmte  force  of  the  economy,  so  to  speak,  is  represented  by  the  carbon  (and  hydrogen)  of 
its  food,  while  the  nitrogen  is  more  closely  concerned  with  internal  chaoges  by  which 
that  brute  force  is  converted  into  the  many  varieties  of  vital  energy. 

Play  fair  argues  that  only  the  nitrogenous  alimentary  principles  are  concerned  in 
the  ntoduction  Si  muscular  (and  mental?)  force,  and  gives  calculations  showing  that 
the  latent  ener^  of  such  an  amount  of  albumin  as  is  usually  consumed  by  active 
labourers  is  sufficient  to  account  for  the  actual  force,  both  of  the  internal  muscular 
movements  and  of  the  external ' useful  work'  of  an  ordinary  man.  But  Carpenter 
has  made  cakolations  whidi  lead  to  an  exactly  opposite  conclusion ;  and  Haugh  ton's 
aquations,  as  far  as  they  can  be  trusted,  tend  to  support  the  view  that  the  force  of 
moseolar  action  is  derived,  in  part  at  least,  from  the  hydro-carbons  or  carbo-hydrates 
of  food.  So  long  as  the  present  uncertainty  about  the  latent  energy  of  complex 
flobatances  continues^  and  so  long  as  the  evolution  of  heat  is  not  observed  at  the  same 
time  that  the  development  of  mechanical  force  is  estimated,  all  questions  of  dynamics' 
must  remain  obscure. 

The  folbwing  works  and  memoirs  may  be  consulted : 

Barral,  Statique  chimique  des  Animaux,  I860. 
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Bischof  und  Toit,  Die  Oesetze  der  Emahrung  des  Fleischfressers,  1860,  and 
their  Critic. 

Vogt,  C,  Molesehott's  Untersuchungen,  1859.     . 
Vol.  rv.  M 


162  NUTRITION  OF  PLANTS. 
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Grouven,  Fiitterungs-Versuche,  1864. 
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Hildesheim,  Die  Normal  Diat,  1856. 
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Suppl.  ii. 

Play  fair,  The  Food  of  Man  in  relation  to  his  Useful  Work,  1865. 

Ranke,  J.,  Kohlenstoff  und  Stickstoff-Ausscheidung  der  ruhenden  Menseb^i. 
Arch.  f.  Anat.  u,  Phya.  1862. 

Savory,  Uses  of  Food,  Phil.  Trans.  1862. 

Smith,  E.,  Respiration,  PhU.  Trans.  1859;  Urea,  PhU.  Trans.  1861.  On  the 
Food  of  the  Labouring  Classes.  Sixth  Report  of  Medical  Officer  of  Privy  Council^ 
1864 ;  and  other  papers  in  Brit.  Assoc.  Reports  and  elsewhere. 

Voit,  Physiologisch-chemische  Unteisuchungen,  1857. 

Ueber  den  Einfluss  des  Kochsalzes,  des  l^ffees  und  der  Muskel  bewegnng  auf 
den  Stofiwechsel,  1860.  Ueber  den  Stickstoff-Kreislauf  im  thierischen  Oiganismus,  Ann, 
d.  Chemie  u,  Pharm.  1863,  SuppL  iL 

M.F. 

VUTUTXOV  Ol*  P&AirrS.— The  Nutrition  of  Plants,  like  that  of  Animals,  may 
be  studied  in  accordance  with  the  doctrine  of  the  ConserTation  of  Force,  in  reference  to 
the  mutual  relations  of  income,  capital,  and  expenditure.  At  the  first  glance,  howerer, 
a  remarkable  difference  may  be  observed  between  the  two  kingdoms.  In  the  case  of 
animals,  the  income  consists  almost  entirely  of  force  associated  with  material  as  latent 
energy ;  in  the  case  of  plants,  the  income  is  composed  to  a  preponderating  extent  of 
actual  energy  in  the  form  of  force  derived  dimitly  from  Uie  sun,  and  of  material 
associated  with  as  small  an  amount  as  posible  of  latent  energy.  With  animals  theit* 
is  such  a  large  constant  expenditure  of  force  in  the  shape  of  actual  energy,  such  a  large 
concomitant  waste  of  effete  material  that  even  in  the  case  of  those  animals  which  are 
purposely  fed  with  a  view  to  increase  of  capital,  that  part  of  the  income  which  is  stored  up 
from  time  to  time  as  increase  of  material  and  latent  energy,  bears  an  exceedingly  small 
proportion  to  that  part  which  goes  to  swell  the  expenditure ;  with  plants  the  amount 
both  of  force  and  material  continually  expended  is  so  slight  that  by  far  the  grpater 
part  of  each  accession  of  income  is  retained  as  increase  of  capital.  With  most  animals 
the  value  of  the  capital  depends  almost  entirely  on  the  amount  of  actual  enei^  it  is 
able  to  supply  when  occasion  demands ;  with- nearly  all  plants  the  value  of  the  capital 
is  expressed  almost  exactly  by  the  amount  of  latent  energy  ita  material  represents. 
Animals  are  machines  for  the  conversion  of  latent  energy  into  various  modes  of  actual 
force ;  plants  are  machines  for  converting  the  one  actual  force  of  the  sun  into  various 
collections  of  latent  energy.  We  may,  using  the  while  very  general  terms,  speak  of  a 
circulation  of  force  and  material  through  the  world.  Light  (heat),  carbonic  add,  water, 
and  ammonia,  enter  into  the  vegetable  kingdom,  and  reappear  as  protein ;  carbo- 
hydrates and  oxygen  enter  the  animal  kingdom,  and  reappear  as  heat  and  mechanical 
effect  on  the  one  hand,  and  as  carbonic  acid,  water,  and  ammonia  (urea)  on  the  other. 
In  the  third  or  inorganic  kingdom,  the  carbonic  acid,  ammonia,  heat,  and  mechanical 
effect  are  driven  from  their  place  of  birth  by  distributive  forces  and  scattered  over  the 
globe.    Thence  in  turn  the  vegetable  kingdom  draws  in  part  its  income. 

Such  a  distinction  between  the  animal  and  vegetable  world,  though  satisfkctory  as  a 
broad  generalisation,  must  not  however  be  taken  as  strictly  true.  The  one  kind  of  life 
is  not  exactly  the  inverse  of  the  other.  On  the  contrary,  in  order  to  include  all  vita) 
phenomena,  we  must  imagine  each  to  consist  of  two  processes ;  the  one  destructive  and 
resulting  in  the  liberation  of  actual  force,  the  other  constructive  and  leading  to  the 
accumulation  of  latent  energy.  In  the  one  life,  one  process  is  predominant ;  in  the 
other,  the  other.  Thus  animals,  while  for  the  most  part  they  absorb  latent  energy  in 
the  form  of  food  and  expend  it  chiefly  as  actual  force,  are  yet  at  the  same  time  engaged 
during  the  whole  of  their  lives,  in  increasing  and  concentrating,  so  to  speak,  by  par- 
ticular applications  of  a  portion  of  their  total  force,  the  amount  of  latent  energy  of  some 
of  the  materials  of  their  food  through  the  process  called  assimilation.  During  the  earlj^ 
stages  of  their  existence,  while  they  are  growing,  they  do  this  to  a  veiy  marked  degree;  and 
at  some  periods  (incubation)  they  receive,  and  convert  into  temporary  latent  energy,  a 
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qnaatity  of  actual  foreo  in  the  shape  of  heat.  So  plants,  though  their  chief  functioD  is  to 
employ  solar  eneigy  in  deoomposing  carbonic  acid  and  water  with  liberation  of  oxygen, 
and  thns  to  construct  elaborate  compounds  of  carbon,  hydn^n,  nitrogen,  and  oxygen, 
as  seats  of  latent  eneigy,  nevntheless  firom  time  to  time  consume  those  very  oompoundc, 
absorbing  oxygen,  forming  carbonic  add  and  giving  off  actual  force  in  the  shape  of 
heat  For  instance,  during  germination,  flowering  and  fruiting,  there  is  always  oxidation 
going  on,  and  even  a  considerable  amount  of  beat  thrown  out ;  and  during  the  whole  life 
of  a  plant,  those  parts  which  are  not  green  are  always  occupied  in  forming  and  exhaling 
carbonic  acid,  ana  those  which  are  green  behave  in  the  same  way  when  light  is  absent^ 
BO  that  the  total  amount  of  oxidation  going  on  in  a  plant  is  very  considerable.  The 
income  of  plants  consists  partly  of  force,  partly  of  material.  Force  is  supplied  almost 
entirely  in  the  form  of  solar  energy.  Part  of  the  energy  so  received  may  be  considered 
as  acting  simply  as  heat,  since,  for  the  organic  processes  of  vegetable  as  of  animal  life, 
a  certain  temperature  is  necessary.  In  the  majority  of  animids,  however,  an  internal 
source  of  heat  renders  the  thermal  influence  of  the  sun  of  subordinate  importance. 
Plants,  on  the  other  hand,  are  more  directly  draendent  on  solar  warmth,  their  own  caloric 
production  being,  as  a  whole,  veiy  limited.  But  by  fisur  the  most  important  function  of 
the  solar  energy  received  by  plants  is  that  peculiar  one  whereby  sun-light,  acting  on 
the  green  or  chlorophyll-containing  organs,  deoxidises  carbonic  acid  and  water,  and 
thus  enters  as  latent  energy  into  the  various  vegetable  organic  compounds.  As  by  the 
onion  of  oarfoon  and  hydrogen  with  oxygen  to  form  carbonic  acid  and  water,  a  certain 
amount  of  actual  energy  is  set  free,  so  in  the  reverse  process  a  corresponding  amount 
of  energy  becomes  latent.  The  latent  energy  possessed  by  vegetable  products  and  ex- 
hibited through  either  combustion  or  alimentation  is  simply  energy  derived  from  the 
suo  and  appropriatelv  converted  during  the  life  of  the  .plant. 

The  materials  of  the  income  of  a  pliwt  are  derived  partly  from  the  soil,  partly  from 
the  atmosphere. 

Those  bodies  which  are  drawn  from  the  soil  are  said  to  be  absorbed  by  the  roots. 
Inib  a  mass  of  soil,  the  roots  of  a  plant  spread  during  its  growth  in  various  directions,  and 
extzmot  therefrom  certain  constituents  by  virtue  of  processes  as  yet  not  fiilly  understood. 
This  absorption  has  a  * '  selective  "  character.  One  plant  will  absorb  certain  constituents 
in  given  proportions;  another,  the  same  constituents  in  different  proportions  or  different 
eonstituents.  So,  out  of  a  given  mixture,  a  plant  will  by  no  means  absorb  to  the 
largest  extent  those  substances  which  are  present  in  greatest  abundance.  Marine 
plants  growing  in  a  fluid  containing  a  great  excess  of  sodium,  themselves  contain  a  great 
excess  of  potash.  Land  plants  contain  but  little  aluminium,  though  that  body  exists 
in  large  quantities  in  most  soils.  Aquatic  plants,  whose  soil  is  a  fluid,  of  course  absorb 
their  soil-derived  constituents  from  solutions.  Land  plants  may  also  be  made  to  do 
the  same  thing.  Thus  Stohmann  (Ann.  Ch.  Pharm.  exxi.  s.  286)  grew  maize-plants 
io  pure  saline  solutions.  It  may  fairly  be  presumed  that  all  the  bodies  absorbed  by 
the  roots  are  in  some  way  or  other  dissolved  before  they  actually  pass  into  the  plant. 
Hence  substances  in  order  to  be  of  any  nutritive  valiie  xAust  be  capable  of  solution.  But 
it  does  not  follow  that  they  must  necessarily  exist  in  a  state  of  aqueous  solution  in  the 
soil  itself  before  they  can  be  absorbed.  On  the  contrary,  Ordinary  soil  seems  to  have 
a  peculiar  power  of  withdrawing  saline  materials  from' their  aqueous  solutions,  and  of 
retaining  them  in  some  peculiar  physical  combination  with  itself.  And  the  experiments 
of  Nageli  and  Zoller  on  the  growth  of  beans  in  powdered  turf  saturated  to  a  variable 
extent  with  saline  matters,  seem  to  show  that  saline  nutritive  elements  are  absorbed 
not  directly  from  aqueous  solutions  percolating  the  earth,  but  indirectly  through  the 
agency  of  tiie  so3. 

Of  the  substances  thus  absorbed  by  the  roots  the  so-called  "  mineral"  matters  form  a 
large  proportion.  The  most  important  and  wide  spread  are  potash,  soda,  lime,  mag- 
nesia, ana  iron,  with  phosphoric,  sulphuric,  hydrochloric,  and  silicic  adds.  Less  universal 
but  still  common  are  iodine,  alumina,  manganese.  More  rare,  and  probably  in  manv 
cases  accidental,  are  bromine,  boron,  copper,  silver,  zinc,  lead,  tin,  cobalt,  nickel, 
strontium,  barium.  To  these  may  be  add«l  lithium,  and  some  of  the  newly  discovered 
metals.    Water  is  of  course  absorbed  from  the  soil. 

Nitric  acid  and  ammonia  are  also  absorbed  from  the  soiL  These  may  have  arisen 
from  the  decomposition  of  organic  matters  present  in  the  soil  as  natural  or  artificial 
mannres,  or  may  have  been  brought  down  from  the  atmosphere  by  rain.  It  has  been 
suggested  (Vdlker,  Cloez)  that  nitric  acid  is  the  particular  shape  in  which  nitrogenous 
material  is  absorbed  by  plants,  all  other  nitrogenous  substances  (including  ammonia) 
being  reduced  to  that  form,  previous  to  absorption.  There  appears  to  be  no  evidence 
that  organic  nitrogen-compounds  are  absorbed  as  such  except  it  be  in  the  case  of  fungi 
and  certain  parasites. 

Carbonic  acid  may  be  taken  up  from  the  soiL  Lastly,  there  are  in  all'soils  repre- 
Mntatires  of  tha  dass  of  bodies  known  under  the  collective  name  of  humus.    It  is 
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generally  thought  that  humus  is  XK>t  absorbed  as  such,  bat  acts  beneficially  in  a  ^art  of 
preparatory  manner  on  soils,  by  means  of  the  acids  arising  &om  its  decomposition. 
Bister  howcTer  maintains  that  hnmus  is  absorbed  and  assimilated  by  plants. 
.  The  kind  of  material  derived  from  the  air  is  not  the  same  under  all  circumstances. 
Under  the  action  of  light  the  green  parts  of  the  plants  absorb  carbonic  acid ;  in  dark- 
ness they  cease  to  do  so,  taking  up  oxygen  instead.  Those  parts  which  are  not  green 
absorb  oxygen  under  idl  circumstances.  That  this  absorption  of  oxygen  is  an  act 
necessaiy  to  life  is  shown  by  the  fact  that  plants  kept  in  darkness  (and  therefore  unable 
themselves  to  give  oat  oxygen)  in  an  atmosphere  void  of  oxygen,  perish. 

It  has  been  much  debated  whether  plants  absorb  in  any  way  nitrogen  directly  from  the 
atmosphere.  There  appears  to  be  no  exact  knowledge  as  to  the  power  of  plants  to 
absorb  combined  nitrogen  (ammonia,  &c.)  directly  from  the  atmosphere,  as  distinguished 
from  that  obtained  from  the  same  source  through  the  intermediate  agency  of  toe  soil. 
As  regards  free  nitrogen,  Boussingault  (Annales  de.Chim.  et  Phys.  1855,  &c.)  oon- 
eluded  from  his  experiments  that  there  was  no  absorption.  Ville  and  others  maintain 
the  contrary.  Lawes  and  Gilbert  (Phil.  Trans.  1861;  Chem.  Soc.  J.  xvi  100) 
support  the  views  of  BooBsingault.  The  last-mentioned  observers  nevertheless  state 
that  the  quantity  of  nitrogen  brrjught  down  to  the  soil  frt>m  the  atmosphere  by  the 
annual  rain  will  only  account  for  a  fraction  of  the  nitrogen  carried  off  by  the  annual 
crops,  and  infer  that  in  the  absence  of  nitrogenous  manures  there  would  seem  to  be 
some  other  as  yet  unnoticed  source  of  nitrogen.  Li  e  b  i  ^  (Natural  Laws  of  Hushandry, 
ed.  Blyth,  292)  however  maintains  that  the  atmospheric  nitric  acid  and  ammonia  are 
sufficient  for  ordinary  vegetable  purposes,  and  even  that  (through  cultivation)  an 
accumulation  of  nitrogen  in  the  soil  has  tiJcen  jplace.  The  observation  of  Schonbein 
that  nitrite  of  ammonia  is  produced  during  oxidation  taking  place  in  the  atmosphere^ 
has  suggested  a  source  of  abundant  supplies  of  nitrogenous  rood  for  plants. 

The  capital  of  a  plant  consists  of  the  so-called  vegetable  prodacts.  The  chief  of 
these  are  protein-matters,  cellulose,  starch,  dextrin,  sugar,  gum,  pectin,  chlorophyll, 
organic  acids,  fatty,  waxy,  resinous  bodies,  tannin,  &o.,  &&  All  these  are  so  mtny 
collections  of  latent  enegy,  and  available  for  food  or  fuel.  They  are  nearly  all  of  them 
present  in  every  plant,  and  constitute  the  main  jMurt  of  the  capital  properly  so  under- 
stood. Besides  these  bodies,  however,  there  are  innumerable  otner  compounds,  of  more 
or  less  freq|ient  occurrence,  possessing  a  greater  or  smaller  amount  of  latent  energy, 
some  of  them  perhaps  particular  stages  through  which  the  material  of  the  plant  passes 
in  its  progressive  metamorphoses,  others  most  probably  the  products  of  a  retrograde 
metamor^osis  or  off-shoots  of  either  process.  These  last  two  kinds  may  fair^  be 
brought  under  the  designation  of  excretions,  and  ought  therefore  to  be  considered  as  the 
waste  material  of  expenditure  rather  than  as  belonging  rightfully  to  the  capital. 

One  substance  spoken  of  as  protoplasm,  a  mixture  of  various  nitrogenous  and 
non-nitrogenous  compounds,  occurs  largely  in  all  growing  parts,  and  may  be  regarded 
as  a  sort  of  middle  term,  to  which  a  large  part  of  the  income  tends  and  from  which 
various  items  of  capital  arise. 

Of  the  expenditure  of  a  plant,  a  very  limited  amount  consists  of  actual  force.  In  the 
lowest  forms  of  vegetable  life  locomotion  is  at  times  witnessed,  and  some  of  the  higher 
plants  exhibit  occasional  movements  in  their  so-called  irritable  parts.  In  these  cases 
a  certain  amount  of  force  is  lost  as  mechanical  effect..  And  in  all  plants  the  iict  of 
growth,  the  transference  and  sustentation  of  material  in  various  directions  must  be 
considered  as  an  expenditure  of  mechanical  force. 

•  A  constant  but  small  loss  of  force  in  the  form  of  evolved  heat  must  also  be  admitted. 
Under  ordinary  circumstances  this  is  almost  insignificant ;  on  certain  occasions,  however, 
it  comes  forward  into  great  prominence.  Thus  in  ^rmination,  a  vei^  considerable 
amount  of  heat  is  given  out>,  and  when  many  germinating  seeds  are  collected  in  a  lieap, 
as  in  malting,  the  thermometer  placed  among  them  may  rise  to  1 10°  F.  During  flowering 
also  heat  is  evolved.  In  the  spadices  of  the  Arum  tribe  in  particular  the  thermometer, 
it  is  said,  will  stand  20^  or  30^  F.  above  the  temperature  of  the  surrounding  air.  In  all 
cases  the  evolution  of  heat  is  closely  connected  with  the  absorption  of  oxygen  and  the 
exhalation  of  carbonic  acid. 

Of  the  material  thrown  off  by  plants,  besides  water,  the  largest  portion  consists  of 
oxygen  given  out  by  the  green  surfaces  under  the  influence  of  light.  A  smaller  portion 
consists  of  carbonic  acid  given  off  by  the  parts  that  are  not  green  at  all  times  and  hy 
the  green  parts  in  darkness. 

According  to  Cloez  (Ann.  Sciences.  Nat  Bot.  [iv.]  xx.)  the  yellow  and  red  portions  of 
particoloured  leaves  do  not  gi  ve  off  oxygen.  The  amount  of  carbonic  acid  exhaled  in  dark- 
ness is  greater  when  the  suiTOunding  tempeniture  is  higher  (Corenwinder,  Ann.  Science 
Kat.Bot.  [v.]  l,p.  297).  During  germination,  flowering,  and  fruiting  there  is  an  increase 
in  the  excretion  of  carbonic  acid.  Saussure  thought  that  considerable  quantities  of 
nitrogen  were  evolved  by  the  leaves  of  plants  while  carbonic  acid  was  being  decomposed; 
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and  Draper  came  to  the  same  conclusion.  But  Boussingault  (Ann.  Scienc.  Nat. 
Bot  [it.]  xvi.)  maintainfi  that  such  is  not  the  caae,  haring  found  reason  to  beliere  that 
the  leares  of  plants  (at  least  of  submerged  plants)  in  sunshine  give  off  appreciable 
quantities  of  carbonic  oxide  and  marsh-gas.  Cloez  howerer,  who  with  G-ratiolet 
(t^.  [iil]  zzxii.)  had  previously  found  decided  quantities  of  nitrogen  to  be  exhaled  by 
the  leaves  of  the  Potamogeionjperfoliatua,  reasserts  {ibid,  [iv.]  xx.)  the  fact  of  the  exhala- 
tion of  nitrogen,  and  denies  the  excretion  of  carbonic  oxide.  The  observations  of  L  a  w  e  s 
aod  Gilbert  oppose,  as  &r  as  they  go,  the  idea  of  nitrogen  being  exhaled.  Many 
plants  give  off  nunute  quantities  of  volatile  hydrocarbons  in  the  form  of  odours.  To  the 
action  of  these  emanations,  the  presence  of  ozone  in  the  neighbourhood  of  plants  has 
been  attributed. 

It  has  been  much  debated  whether  or  no,  or  to  what  extent,  matters  ore  excreted  by 
the  roots  of  plants.  The  beneficial  or  injurious  effects  which  the  growth  of  certain 
crops  seems  to  exert  on  the  vegetation  of  other  crops,  subsequently  grown  on  the  same 
ground,  have  been  attributed  to  an  accumulation  in  the  soil  of  matters  excreted  br 
the  roots  of  the  first  crops.  Most  of  these  facts,  however,  may  be  otherwise  explained. 
I>irect  experiments  have  led  to  contradictory  results,  and  those  which  seem  to  affirm 
the  existence  of  an  excretive  function  have  been  explained  away  by  supposing  the  roots 
in  such  cases  to  have  been  injured.  Cau  vet  (Ann.  Scienc.  Nat.  Bot  [iv.]  xv.)  decides 
that  the  roots  of  plants,  when  sound,  do  not  throw  off  any  part  of  either  poisonous  or 
innocuous  substances  taken  in  by  the  plant  in  any  way. 

The  dass  of  Fungi  and  the  leafless  Parasites  differ  materially  in  their  vital  pheno- 
mena from  other  pknts,  and  in  some  respects  closely  resemble  animals.  They  receive 
Uttle  or  no  solar  energy;  they  do  not  consume  carbonic  acid ;  they  do  not  give  off 
oxygen ;  they  do  not  live  on  simple  compounds  of  carbon  and  of  nitrogen.  On  the 
contrary,  they  live  either  on  decomposing  organic  matter  or  on  the  elaborated  juices  of 
plants,  and  they  absorb  oxygen  from  the  atmosphere,  giving  back  carbonic  acid  in 
return.  They  differ  from  animals  inasmuch  as  they  expend  but  little  force  either  in 
movement  or  as  heat.  The  force  they  absorb  in  their  nutriment  still  remains  for 
the  most  part  within  their  bodies  as  latent  energy.  Hence  the  rapid  growth  of  many 
of  them. 

It  is  evidently  not  within  our  present  powers  to  draw  a  balance  between  the  amount 
of  force  received  by  a  plant  as  income  on  the  one  hand,  and  the  latent  enersy 
possessed  b^  the  ^nt  itself  plus  the  firaction  expended  during  its  life-time  on  the 
other.  This  only  is  dear,  that  the  solar  energy  is  more  than  sufficient  to  account  for 
the  vegetable  power.  Helmholtz  (Lectures  Med.  Gh».  1864,  i.  p.  499),  making  a 
comparison  between  the  total  amount  (^  solar  energy  falling  on  an  acre  of  ground  dunng 
the  year,  and  the  amount  of  force  derivable  from  the  plants  gro^n  on  thM  acre  during 
the  same  time,  finds  the  latter  only  |^th  part  of  the  former. 

The  obstacles  attending  any  attempt  to  draw  a  balance  of  materia  are  also  much 
greater  than  is  the  case  with  animals,  since,  in  addition  to  atmospheric  difficulties, 
trouble  is  met  with  in  the  fact  that  a  plant,  in  order  to  flourish  naturally,  must  be 
placed  in  a  soil  of  a  most  complex  character,  out  of  which  it  extracts  only  a  small 
portion  for  ita  own  use.  But  such  a  balance,  though  wholly  necessary  for  the  purpose 
of  investigating  the  nutrition  of  animals,  is  almost  superfluous  in  the  case  of  plants, 
since  with  the  latter  a  different  method  of  observation  may  be  adopted.  Instead  of 
inferring  the  state  of  the  capital  from  a  comparison  between  income  and  waste,  we  can 
in  deahng  with  plants,  make  a  direct  analysis  of  the  capital,  and  so  determine  the 
variations  it  from  time  to  time  sufibrs  through  changes  in  the  income ;  for  those 
plants^  concerning  whose  nutrition  knowledge  is  most  desirable,  being  generally  grown 
in  crops,  a  sufficient  number  of  specimens  can  always  readily  be  taken  for  examination* 
The  income  may  be  roughly  considered  as  consisting  of  three  chief  factors,  solar 
energy,  carbonic  acid,  and  soU  materials  (including,  as  aqueous  soil,  the  water  in  which 
aquatic  plants  live),  and  the  process  of  nutrition  as  a  function  of  all  three.  The  total 
fiulure  of  any  one  of  the  three  entails  a  speedy  death;  the  comparative  failure 
diminishea  growth ;  increase  of  any  one  of  the  three  augments  the  nutrition  of  the 
plant  within  certain  limits.  The  accumulation  of  vegetable  products  of  all  kinds  is 
dependent  upon  each  and  all  of  these  factors.  Thus  the  presence  of  carbonic  acid  is 
necessary  for  the  development  not  only  of  carbon,  but  luso  of  nitrogen-compounds, 
and  inrersely  the  amount  of  carbo-hydrates  stored  up  by  a  plant  will  depend  upon  the 
nitrogen  as  well  as  the  carbon  of  its  food. 

Seeing  that  plants  are,  in  a  broad  sense,  store-houses  of  carbon,  the  importance  of 
earbonie  acid  (whether  derived  from  air  or  soil)  as  a  factor  of  nutrition  cannot  be  over- 
looked Plants  entirely  deprived  of  carbonic  acid  cease  to  live,  while  an  increase  of 
that  body  increases  vegetation.  A  limit  however  to  the  beneficial  results  of  increasing 
the  carbonic    add  of  the  atmosphere  surrounding  plants  is  soon  reached,  since 


Starch. 

Sugar. 

CdloloM. 

OO. 

Kltrogenoof  Mineral 

6-386 

•      • 

•516 

•463 

•880           -156 

•777 

•953 

1-316 

•160 

•880           -156 

166  NUTRITION  OF  PLANTS. 

oxygen  aho  is  a  necnsaiy  element  of  regetable  life,  and  to  the  respiration,  as  it  has 
been  called,  of  plants  as  to  that  of  animals,  more  than  a  certain  percentage  of  carbonic 
add  in  the  air  is  injurious.  The  presence  of  light  is  absolutelj  essentia  to  the  accu- 
mulation of  fresh  material  in  the  body  of  a  plant.  In  its  absence  the  oxidising  pro- 
cesses become  prominent  and  a  certain  amount  of  morphological  change  and  even 
chemical  transformation  of  material  can  take  place.  This  is  xery  well  shown 
by  the  experiments  of  Boussingault  (Ann.  Sc.  Nat  [t.]  i.  p.  314)  on  beans  grown 
on  a  pre|»red  soil  in  liffht  and  in  darkness.  In  the  light,  a  seed  weighing  '922  gnn. 
grew  in  25  days  to  a  plant  whose  dry  weight  was  1'293  grm.,  showing  an  increase  of 
'371  grm.  which  consisted  of  *1926  grm.  carbon,  '02  grm.  hydrogen,  and  *1591 
oxygen.  In  the  dark  a  seed  weighing  '926  grm.  grew  in  the  same  time  and  under  the 
same  conditions,  except  those  of  light,  to  a  plant  weighing  when  dried,  *566  grm., 
showing  a  loss  of  '360  grm.,  which  consisted  of  '1698  carbon,  -0232  hydrogen,  '1766 
oxygen.  In  the  light  there  was  a  storing  up  of  the  elements  of  carbonic  acid  and 
water ;  in  the  dark  a  waste  of  the  same.  In  the  light  the  deoxidising  or  purely  T^ge* 
table  process  was  predominant ;  in  the  dark  the  oxidising  or  purely  animal  process. 
The  latter  supplied  the  force  requisite  for  Uie  partial  development  of  the  plant  The 
nature  of  the  chemical  transformations  taking  place  in  darkness  is  shown  by  the 
following  composition  of  beans  and  bean  plants  after  21  days'  growth  in  darkneas : 

Seed.        Toul  weight. 

Seed       .        .    8*636 
Plant  (dried).    4-629 

There  was  therefore  a  production  of  cellulose  out  of  starch  during  darkness.  The  influ- 
ence of  the  absence  or  presence  of  light  on  the  deyelopment  of  various  vegetable  pro- 
ducts, particularly  of  those  which  may  be  regarded  as  retained  excretions,  such  as  the 
alkaloids,  is  well  known.  Boussingault  reguds  the  asparagine  which  is  accumulated 
in  beans  growing  in  darkness  as  the  vegetable  physiological  analc^e  of  the  animal  urea. 

The  soil-materials  may  be  divided  into  the  "  nitrogenous  '*  and  **  minenJ."  Nitrogen 
is  an  essential  element  in  the  food  of  plants,  and  as  we  have  seen,  is  probably  derived 
from  the  soil.  Though  the  quantity  of  it  present  in  the  seed  may  in  many  cases  serve 
for  the  purposes  of  nutrition  until  the  plant  has  arrived  at  a  considerable  bulk  and 
accumulHtea  a  large  stock  of  carbon-compounds,  a  limit  is  at  last  reached  beyond  which, 
without  a  further  supply  of  nitrogen,  no  further  growth  can  take  place.  This  is  veij 
well  shown  by  the  experiments  of  Stohmann  {loc»  cit.)  and  of  Lawes  and  Gilbert 
(loc.  cit).  The  results  of  the  last  observers  show  a  very  close  connection  between  the 
presence  of  nitrogenous  bodies  (ammonia)  in  the  soil  and  the  accumulation  in  the  plant 
not  only  of  nitrogen  but  also  of  carbon-compounds.  The  increase  in  carbohydrates  is 
however  by  no  means  proportionate  to  the  gain  in  nitrogen.  A  large  amount  of  the 
former  is  veiy  often  amassed  by  means  of  a  veiy  smiul  quantity  of  the  latter.  In 
animals  nitrogen  is  always  in  the  foreground,  and  is,  so  to  speak,  the  guide  and 
governor  of  the  total  metamorjphosis ;  in  plants  nitrogen  is  in  the  back-ground,  and  is» 
as  far  as  quantity  is  concerned,  the  meanest  of  the  factors  of  nutrition. 

'*  Mineral  matters,"  on  the  contrary,  while  they  hold  a  veiy  subordinate  position  as 
food-elements  in  the  case  of  animals,  are  of  primary  importance  for  the  nutrition  of 
plants.  Their  influence  is  very  clearly  shown  by  growing  a  plant  in  distilled  water  or 
prepared  soiL  For  a  while  there  may  be  observed  a  growtn  consisting  partly  in  the 
transformation  of  the  contents  of  the  seed  and  partly  in  the  storing  up  of  new  material 
through  the  agency  of  the  unoccumed  mineral  matter  there  accumulated ;  but,  as  soon 
as  these  are  exhausted,  no  new  stuff  is  formed  and  the  plant  thereupon  speedily  perishes. 
All  plants  have  not  the  same  mineral  constituents,  each  species  seeming  to  make  a 
qualitative  and  quantitative  selection  from  the  soil  of  material  best  fitted  for  its  wel- 
fare. So  fundamental  is  this  law  that  plants  are  often  spoken  of  as  lime-plants,  aili- 
cious  plants,  potash-plants,  &c.  And  Stohmann  (loe.  cit.)  has  shown  by  direct 
experiments  that,  in  the  case  of  maize  for  instance,  all  the  mineral  fDod  elements  have 
an  independent  value,  that  potash  cannot  supply  the  place  of  soda,  nor  magnesia  that 
of  lime,  nor  lime  that  of  magnesia.  But,  though  all  the  mineral  constituents  of  a  plant 
are  necessary  for  its  growth,  they  are  not  all  of  equal  value  as  factors  of  nutrition.  The 
ashes  of  a  plant  are  not,  like  the  skeleton  of  an  animal,  merely  the  framework  of  its 
body ;  minerals  are  not  absorbed  from  the  soil  simply  for  the  purpose  of  building  up 
such  a  framework.  On  the  contrary,  they  are  closely  interwoven  with  and  intimately 
connected  with  the  formation  of  organic  compounds,  and  their  chief  function  in  the 
vegetable  economy  is  to  assist  in  the  construction  of  those  compounds.  In  other  words, 
the  growth  of  a  plant,  that  is  more  particularly  the  manufacture  of  vegetable  products, 
is  a  function  of  its  mineral  food  elements.    Some  of  these  minerals  are  more  active  in 
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Uiifl  way  tban  others,  and  certain  elements  are  especiallj  associated  with  certain  pro- 
dneta.  Thus  there  is  reason  to  believe  that  the  alkalis  are  peculiarly  connected  with 
the  formation  of  the  carbohydrates,  phosphates  with  that  of  protein  matters,  &c. 
That  is  to  say,  an  increased  absorption  or  assimilation  of  alkalis  is  equivalent  to  an 
increased  formation  of  carbohydrates^  &&  In  the  case  of  some  other  minerals,  no  such 
connection  can  be  traced.  Thus  Sachs  found  that  maize,  which  generally  contains 
18*25  per  cent,  of  silica  in  its  ash,  would  when  debarred  from  the  same  attain  its  usual 
height  and  bulk,  and  bear  seeds  capable  of  germination  with  only  '7  per  cent. 

laasmueh  as  the  oxidiBing  and  destructive  portion  of  vegetable  life  is  quite  as 
essential  to  the  growth  and  welfare  of  a  plant  as  the  deoxidising  portion  which  more 
directly  leads  to  the  storing  up  of  material,  oxygen  must  also  be  considered  as  a  factor 
of  the  nutrition  of  plants. 

All  these  factors  are  absolutely  essential,  though,  as  has  been  said,  of  unequal  value. 
The  effects  of  increments  of  each  placed  at  the  disposal  of  a  plant  will  be  limited 
partly  by  the  nature  of  the  fiictor  itself,  and  partly  by  the  disposition  of  other  feustors. 
Thus  increase  of  "minerals"  may  in  certain  cases  prove  effectual  far  beyond  any 
increase  in  "  nitrogenous  matters,"  but  the  effect  will  depend  most  closely  on  the 
Amount  of  carbonic  add  and  solar  energy  available  for  use.  So  carbonic  acid  and  solar 
energy  are  limited  in  their  usefulness  by  the  absence  of  soil-materials.  Practically 
speaking,  howeyer,  the  carbonic  acid  of  the  atmosphere  and  solar  energy  are  beyond 
the  control  of  man.  Consequently  the  nutrition  of  plants  is  modified  by  him  through 
variations  in  soil-materials.     (See  Makubbs.) 

The  series  of  changes  through  which  the  inoisanic  elements  of  the  food  pass  into 
the  organie  vegetable  products  are  very  imjpenectly  known.  The  non-nitrogenous 
products  probably  behave  as  follows.  The  mineral  matters  and  water  absorbed  by  the 
roots  pass  upwards  as  crude  sap  into  the  leaves  and  other  chlorophyll-containing  organs. 
Here,  under  the  influence  of  the  solar  rays,  they  mingle  with  carbonic  acid  derived  from 
the  atmosphere,  and  processes  are  set  up  which  result  in  the  liberation  of  a  certain 
quantity  of  oxygen  and  the  detention  of  carbon  and  hydrogen  as  constituents  of  certain 
organic  compounds.  These  resulting  compounds  may  be  either  deposited  in  the  leaves 
as  starch,  &c,  or  pass  to  other  parts  of  the  plant  as  nutritious  elaborated  sap,  to  be 
deposited  or  consumed  as  occasion  domanda  The  presence  of  chlorophyll  seems  to  be 
essential  to  the  accomplishment  of  the  metamorphosis.  Thus,  when  a  seed  is  allowed 
to  germinate  in  the  dark,  a  limited  growth  takes  place,  as  the  result  not  of  any  forma- 
tion of  new  material,  but  of  a  transplantation  of  the  old.  No  chlorophyll  is  produced,  no 
starch ;  no  carbonic  add  is  absorbed,  no  oxygen  liberated.  When  all  the  protein  sub- 
stance, starch,  &c  of  the  seed  has  been  transplanted  into  the  stem  and  leaves  and 
deposited  there  as  protoplasm,  cellulose,  &c,  the  plant  perishes  for  lack  of  food.  If, 
however,  before  that  occurs,  it  be  exposed  to  light,  certain  granules  of  chlorophyll, 
previously  deposited  in  the  protoplasm  of  some  of  the  leaf-celk  and  possessing  a  yellow 
colour,  gradually  become  green.  If  the  light  be  insufficient,  no  progress  is  made  beyond 
this  stage,  and  the  plant  in  this  case  too  perishes  by  starvation.  With  more  light 
starch  is  formed  in  tiie  chlorophyll,  and  the  plant  lives  and  flourishes.  Since  only  in 
the  parts  where  chlorophyll  exists  is  carbonic  acid  absorbed  and  oxygen  liberated,  and 
since  only  when  there  is  chlorophyll  somewhere  in  the  plant  is  there  any  formation  of 
starch  at  all,  it  seems  reasonable  to  suppose  that  the  presence  of  chlorophyll  is  essen- 
tial to  the  construction  of  starch,  and  that  when  starcn  accumulates  in  any  part  free 
from  chlorophyll,  it  has  been  carried  thither  from  elsewhere,  not  generated  on  the  spot. 
The  fiict  that  the  green  (chlorophyllic)  parts  of  plants  absorb  the  so-called  actinic  rays 
of  the  spectrum,  luw  been  considered  a  proof  that  these  rays  alone  contribute  the  forco 
requirea  fi»  the  liberation  of  oxygen  from  the  carbonic  add.  Draper  and  Daubeny, 
however,  maintain  from  direct  experiments  that  only  or  chiefly  the  luminous  rays  are 
concerned  in  the  process.  And  it  is  uncertain  to  what  part  of  the  spectrum  is  due  the 
diange  to  green  dilorophyll  from  its  yellow  or  uncoloured  antecedents,  and  whether 
particular  rays  have  any  influence  in  determining  the  formation  of  particular  varieties 
of  the  carbohydrates  and  other  compounds. 

Opinions  concerning  the  share  taken  in  the  deoxidising  process  by  the  mineral 
constituents  and  the  exact  stages  passed  through  by  the  carbon  are  purclv  theoretical. 
It  is  unknown  whether  the  oxygen  arises  from  a  direct  deaving  of  the  carbonic  acid  or 
whether  it  is  thrown  off  at  the  end  of,  or  by  fractions  in  the  course  of,  a  long  series  of 
changes.  It  has  been  suggested  that  the  carbohydrates  may  be  formed  by  the  carbon 
passing  through  a  series  of  acids  of  increasing  carbon-power  for  which  the  alkalis,  && 
(apparently  so  dosely  connected  with  the  carbohydrates)  serve  as  bases. 

The  observations  of  Lawes  and  Gilbert  (Phil.  Trans.  1861,  ii.  p.  493)  show  the 
neat  rapidity  with  which  carbonic  acid  is  reduced  in  the  light,  and  oxygen  consumed 
m  the  dark,  and  support  the  opinion  that  **  there  can  be  little  or  no  oxygen  in  the  living 
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cells  of  plants  during  the  night  or  during  dondy  days."  They  also  suggest  the ."  idea  that 
there  may  be  during  exposure  to  light,  in  the  outer  cells  which  are  penetrated  by  the 
sun's  rays,  a  reduction  of  carbonic  acid  with  fixation  of  carbon  and  erolution  of  oxygen, 
at  the  same  time  that  in  the  deeper  cells  tbere  is  taking  place  the  oonyerse  process  of 
oxidation  of  carbon  and  formation  of  carbonic  acid."  In  such  case  the  oxygen  of  the 
outer  cells  would  pass  inwards,  oxidising  the  more  deeply  deposited  carbon  compounds, 
while  the  carbonic  acid  of  the  inner  cells  would  pass  outwards  to  be  there  reduced. 

Some  writers  attribute  much  importance  to  the  fact  of  many  elements  being  set  free 
during  the  organic  changes  in  a  "  nascent  condition.'* 

The  career  of  the  nitrogenous  elements  of  the  plants'  food  is  also  obscure.  It  has  been 
supposed  that  the  nitric  acid  and  ammonia  absorbed  by  the  roots  pass  with  the  rest  of 
the  mineral^  constituents  up  to  the  leaves,  and  are  there  elaborated  into  protein  com- 
pounds which  either  remain  as  parts  of  the  leaves  or  become  &ctors  of  the  nutrittoos 
sap.  A  large  portion  of  the  nitrogenous  material  of  a  growing  plant  will  be  found  in 
the  form  of  a  constituent  of  the  so-called  protoplasm,  the  semi-fluid  occupant  of  the 
vegetable  cell.  In  the  vitalistic  theories  this  prt  t  >pla8m  is  endued  with  a  plastie  fbne^ 
a  power  of  moulding  the  form  proper  to  the  plants  and  is  sometimes  spoken  of  as  presid- 
ing over  the  nutritive  changes. 

The  changes  through  which  ammonia  or  nitric  add,  with  sulphuric  or  phosphoric 
acid,  assumes  the  form  of  protein-substance  are  wholly  unknown. 

The  nutritive  processes  of  a  plant  are  not  the  same,  nor  is  its  composition  identicsl 
at  0,11  epochs  of  its  life.  Young  plants  are  rich  in  alkalis,  old  ones  in  earthv  and  me- 
tallic oxides  (Garreau,  Ann.  Sc.  Nat.  [4]  xiii. — Corenwinder,  ibid,  xiv.).  The 
**  active  principles*'  elaborated  by  certain  plants  often  appear  at  particular  ages  only. 
The  phenomena  of  "  migration  "  play  a  very  important  part  during  the  whole  of  the 
plant's  existence.  Thus,  during  germination,  the  protein  matter  or  aleuron  of  the  seed 
becomes  liquefied  and  the  starch  is  converted  into  dextrin,  and  perhaps  into  sugar  with 
evolution  of  carbonic  acid.  The  semi-liquid  mass  formed  by  the  mixture  of  these 
bodies  then  migrates  into  the  growing  cotyledons,  stem  and  root^  or  rather  forms  them 
by  the  extension  of  itself  through  chemical  and  morphological  changes  resulting  in  the 
building  up  of  cellulose  and  cells.  There  is  no  loss  of  protein-matter  during  this  trans- 
action, but  the  sum  of  the  starch,  dextrin,  sugar  and  cellulose  of  the  plant  are  together 
less  than  the  starch  of  the  original  seed.  Solar  energy,  carbonic  add,  and  soil-mate- 
rials being  present,  new  material  is  constructed  and  growth  proceeds.  As  the  leaves 
wither  and  die,  a  certain  amount  of  material,  namdy  the  protoplasm,  is  withdrawn 
from  them  and  migrates  to  the  still  living  or^pms;  Hence^  dead  leaves  consist  mostly 
of  cellulose  with  certain  other  matters  peculiarly  connected  with  that  substance,  pro- 
tein, starch,  and  sugar,  alkalis,  and  phosphoric  acid,  being  left  in  exceedingly  small 
quantities.  As  life  advances,  growth  will  for  a  certain  time  take  place  chiefly  in  the 
leaves  as  distinguished  from  the  roots.  Thus  Anderson  found  that  in  turnips  grow- 
ing from  July  7  to  August  11,  the  leaves  increased  more  than  four  times  as  fast  as  the 
roots.  At  a  later  epoch  the  process  is  reversed.  In  turnips  growing  from  August  11  to 
September  1,  the  roots  increased  nearly  twice  as  fast  as  the  leaves.  That  is  to  say,  of 
the  material  elaborated  by  the  leaves,  a  very  large  proportion  did  not  remain  in  those 
organs  but  migrated  to  the  roots.  In  turnips  growing  from  September  1  to  October  6, 
the  leaves  were  found  to  have  decreased  in  weight,  some  leaves  in  fact  had  withered  and 
fallen  off,  but  the  roots  had  vastly  increased.  In  other  words,  the  migration  from  the 
leaves  to  the  root  had  been  very  active,  the  latter  organs  acting  as  storehouses  for  the 
stuffs  constructed  in  the  former.  Further  on  in  life  another  change  takes  place.  The 
material  amassed  in  the  root  migrates  once  more  into  the  leaves,  when  these  are  formed 
again  with  the  return  of  warmth.  Finally,  the  plant  flowers  and  seeds,  material  is 
withdrawn  from  both  leaves  and  root,  takes  its  last  migration,  and  finds  its  last 
resting-place  in  its  first  starting-place,  the  albumen  of  the  seed ;  the  dead  leaves  and 
stem  representing  very  little  more  than  so  much  cellulose.  A  very  similar  migration 
may  be  traced  in  the  storing  up  of  starch  in  the  tuber  of  the  potato,  in  the  stem  of 
the  palm,  and  in  a  multitude  of  other  instances.  The  history  oi  the  metamoiphosiB 
and  miction  of  material  in  olives  has  been  traced  by  Be  Luc  a  (Ann.  Sc.  Nat. 
(iv.),  xviii.).  Mannite  appears  in  the  young  olive  leaves  at  first  in  very  small  quan- 
tities, but  increases  in  amount  as  development  proceeds  until  the  epoch  of  flowering; 
when  it  begins  to  diminish.  By  the  time  the  leaves  are  withered  it  has  nearly  dis- 
appeared. It  is  also  found  in  young  flowers,  but  disappears  as  they  reach  perfection. 
It  occurs,  too,  in  the  unripe  fruit,  but  gives  place  to  oil  during  maturation.  A  veiy 
close  connection  is  observed  between  chlorophyll  and  mannite  on  the  one  hand,  and 
between  mannite  and  oil  on  the  other,  the  mode  of  the  development  of  the  latter  being 
thus  indicated.  M.  F. 

Ryn.  with  Scapolith. 
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yrowaOJkm    8ee  STBTcmros. 

The  ash  of  the  leaTes  and  stalks  cf  Nymphaa  dtha  and  N,  httea  has 

been  analysed  bj  Schnlz-Fleeth  (Pogg.  Ann.  Ixxxiy.  80): — 

K«0.  N««0.  Ca«0.  Mg»0.  F«*09.   SO».   SIO«.  OO*.  P«0-\   KCL   NaCI. 

^w^JnidrtSK}**'^     -     ^^     *^       °'**       ^"^     ^"    ^^    ^'^^     ^•«*     «-78  =  96» 
AWicfr«:  old  Imves  17-91      —     30  00     3-61       0-16        1-39      1-16    8826    4-65      4*88     7-8S  s  9985 

*'•    *2ld'iull?7~ }  "•**    ****    *^'^      *®^       <^**       *'*^      ®**    »'1«    *•»       —     »^  =  86-80 

The  jonng  leares  and  stalks  of  N.  lutea  yielded,  after  diying,  7*96  per  cent  ash,  the 
old  leayes  of  the  same  10-15  per  cent,  and  the  leaves  and  stalks  of  if,  alba  12*99  per 
cent 


0. 


See  Gbbbals  (i.  823). 

OBWBDIAV  and  FlTBIIoa.  Obsidian  is  a  glassy  modification  of  felspathie  or 
trachytic  laTa.  Pumice  is  a  porous,  fibrous,  capillary  or  tumefied  mass,  produced  by 
the  operation  of  yarious  external  agencies,  chiefiy  aqueous  vapour  and  a  certain  tem- 
perature in  these  lavas  while  in  the  fluid  state.  Many  obsidians,  when  ignited  in  lumps, 
become  brightly  incandescent,  and  swell  up  to  a  tumefied  mass  of  pumice,  which, 
according  to  Abie h,  is  more  like  natural  pumice  in  proportion  as  the  mineral  contains 
less  silica  uid  more  alkali.  Pulverised  obsidian  does  not  exhibit  these  phenomena^ 
but  merely  turns  brown.  Obsidians  heated  above  the  point  at  which  the  formation  of 
pumice  takes  place,  melt  to  a  greenish  glass.  Similar  glasses  are  also  formed  by  the 
natural  fusion  of  pumice.  Both  pumice  and  obsidian  appear  to  be  but  little  attacked 
by  adds. 

These  minerals  may  be  divided  into  two  groups : — A.  Those  in  which  the  silica 
amounts  to  about  60  per  cent,  less  therefore  than  in  glassy  felspar  (ii.  620);  Uie 
pumices  belonging  to  this  group  are  tumefied,  and  have  a  dirty  white  or  grey-ereen 
eolonr.'— B.  Those  in  which  the  silica  amounts  to  70-80  per  cent ;  the  pumices  bang- 
ing to  this  division  are  fibm^capillaiy,  white,  and  have  a  silky  lustre. 

a.  Obsidian  from  Teneriffe:  specific  gravi^  2-528  (Abich,  Geolog.  Unt^rs.  p.  62). 
— b.  Pumice  from  the  same:  specific  gravity  2*477  (Abich^. — e.  Pumice  from  the 
Fhlegraean  Fields:  specific  gravity  2*411  (Abich). — d.  Pumice  from  Uactacunga,  at 
the  root  of  Cotopaxi  (Abich).— e.  Obsidian  from  Lipari:  spedfio  gravity  2*370. — 
f.  Pumice  from  tne  same:  specific  gravity  2*77  (Abich^.— y.  Obsidian  porphyry  from 
the  greater  Ararat  (Abich). — h.  Obsidian  from  Moldavia,  Bohemia  (v.  Hauer, 
Jahrb.  QeoL  Beichsaust,  v.  868). 


With  sboiit  60  per  een(.  titiea. 


With  70  80  per  cent.  lUlca., 
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Silica 

6118 

62*25 

6204 

73-77 

74*05 

73*70 

77*60 

79*12 

Alumina 

19*05 

16-43 

16*55 

10-83 

12*97 

12*27 

11*79 

11-36 

Ferric  oxide    . 

4*22 

4*26 

4*43F6»0  1*80 

2-73 

2*31 

2*17 

2-64 

Manganic  oxide 

0*38 

0-23 

Lime 

0-59 

0*62 

1*31 

1-21 

012 

0*65 

1-40 

4-45 

Magnesia 

019 

0*79 

0*72 

1*30 

0-28 

0*29 

— 

1-48 

Soda 

10-63 

11-25 

6*39 

4*29 

415 

4-52 

4-21 

1-21 

Potash    . 

8*50 

2*97 

3-66 

3*90 

511 

4*73 

2*30 

Chlorine. 
Water     • 

0  30 
004 

0-58 
99-33 

8*84 
98*94 

2-85 
99*95 

0*31 
;  0*22 

99-94 

031 
1-22 

100*00 

100-03 

99-47 

100-26 

The  does  agreement  between  the  analyses  of  obsidian  and  pumice  from  the  same 
locality,  for  example  a,  b  and  $,  /,  shows  that  the  two  are  mer^y  modifications  of  the 
same  mineral. 
The  analyses  show  also  that  obsidian  and  pumice  consist  mainly  of  felspathie  sub- 
they  always,  however,  contain  small*  quantities  of  earths,  and  iron-oxides. 


indicating  an  admixture  of  augite,  olivin  and  magnetic  iron  ore.     The  obsidian  and 
pumice  of  Teneriffe  {a,  b)  consist  almost  entirely  of  oligodase,  which  mineral  likewise 
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occnis  pure  in  the  midst  of  them.  The  pumice  of  the  Phlegrsean  fleldfl  (e),  alBo  that 
of  lachia,  Pzocida^  and  the  volcano  of  Arequipa^in  Bob' via,  which  contain  hnt  little  more 
than  60  per  cent,  silica,  also  consist  mainly  of  oligoclaie  more  or  less  pure.  The 
minerals  of  the  division  B,  which  contain  a  rather  large  proportion  of  potash,  appear 
to  be  mixtures  of  free  silica  with  oHgodase  and  glassy  felspar  (ii  620).  The  wat^r  in 
pumice  is  merelv  hygroscopic.  The  small  quantities  of  chlorine  are  present  as  chloride 
of  sodium  or  chloride  of  ammonium,  which  salts  are  frequently  found  in  and  upon  lava. 
The  pumice  from  the  neighbourhood  of  Lake  Laach,  analysed  by  S  chaffer,  exhibits 
a  composition  different  from  the  preceding,  containing  only  about  50-58  per  cent 
silica ;  and  two  specimens  of  obsidian  from  the  great  volcano  of  Hawaii  differ  still  more 
in  composition  therefrom.  A  capillary  variety  yielded  61 '19  per  cent,  silica,  30*26 
ferrous  oxide,  and  18*16  magnesia  (=  99*61);  a  glassy  variety,  39*74  silica,  10'55 
alumina,  2229  ferrous  oxide,  2*74  lime,  2*40  magnesia,  21*62  soda,  and  0*33  water 
(a  99*67 X  The  former  appears  to  be  an  augite,  (Mg;  Fe)*SiO';  the  latter  is  also 
prol»blv  an  augite,  but  with  an  unusually  large  quantity  of  soda.  (Bammelsberg'a 
Minenuchemie,  p.  637.) 


OCHMAMm    A  variety  of  bole  from  Orawicea  in  the  Bannat,  containing  31*3  per 
cent  silica,  43*0  alumina,  1*2  ferric  oxide,  and  21*0  water.    (Kersten.) 


OCanUB.  A  term  applied  to  many  metallic  oxides  occuring  in  an  earthy  or 
pulverulent  form :  4.  y.  iron  or  red  ochre,  or  molybdic  ochre,  &c 

OCBSOZTB.    An  impure  cerite  mixed  with  quartB,  analysed  by  Klaproth. 

OCBOTA  OZ&  or  CAMVBOB.  Syn.  with  Lattbin  or  Bat-bbbbt  Cakphob 
(ui.  476). 

Syn.  with  Anatasb  (i.  289). 

Capryl.  C»H".— The  eighth  alcohol-radicle  of  the  series  OH*'+". 
According  to  Bonis  (Compt  rend,  xxxviii,  735)  it  may  be  separated  from  the  chloride, 
C'H'^Cl,  by  the  acetate  of  sodium  in  the  cold.  In  the  free  state  it  is  represented  by 
the  formula  CH*^  (see  Alcohol-radiclbs,  i.  96),  and  is  isomeric,  or  perhaps  identicad 
with  hydride  of  cetyl,  C»«H~.H  (see  Htdbtoes,  iil  182). 

OCTn,  8BOBKIDB  OV.  C*H*'Br. — Obtained  by  treating  octylie  alcohol  with 
bromine  and  phosphorus.  It  is  an  oily  liquid,  smelling  like  the  chloride,  heavier  than 
water,  insoluble  in  water,  soluble  in  alcohol.  It  boils  with  decomposition  at  190^, 
and  leaves  a  carbonaceous  residue  when  distilled ;  bums  with  a  smoky  green-edged 
flame.  It  is  decomposed  by  potash,  yielding  bromide  of  potassium  and  octylie  alcohol, 
and  precipitates  ^ver-salts  in  alcoholic  solution,  but  more  slowly  than  the  iodide. 


, or.    C»H"C1.— Produced:  1.  By  the  action  of  bydro- 

diloric  add  or  pentachloride  of  phosphorus  on  octylie  alcohol  (Bonis,  Ann.  Ch.  Phys. 
[3]  xliv.  128). — 2.  By  that  of  hydrochloric  add  upon  octylene  (Berthelot^  Ann.  Oh. 
f  harm.  dv.  185). — 3.  By  the  action  of  chlorine  on  hydride  of  octyl  (Schorlemmer, 
Chem.  Soc.  J.  xv.  419) ;  at  the  boiling  heat  (Wurtz,  Jahresb.  1863,  p.  609)  at  AO^  — 
50^,  avoiding  an  excess  of  chlorine  (Pelouze  and  Gahours,  Ann.  Ch.  Pharm.  cxxix.. 
91).  It  is  a  colourless  liquid,  lighter  than  water,  and  smelling  like  oranses.  Specific 
gravity  0*892  at  18^  (Schorlemmer);  0*895  at  16°  (Pelouse  and  Cahours). 
Boils  at  175°  (Bonis);  at  170°— 172°  (Schorlemmer);  168°— 172°  (Pelouze  and 
Cahours);  at  162° — 167^  (Wurtz).  It  bums  with  a  smol^  green-edged  flame,  forming 
hydrochloric  add ;  does  not  predpitate  silver-salts ;  is  decomposed  by  potassium  or  sodium 
in  the  cold,  yielding  octyl  [or  hydride  of  cetyl]  C^'H** ;  but  when  it  is  heated  with  sodium 
the  metal  assumes  a  violet  colour,  hydrogen  is  evolved ;  and  if  the  distilled  liquid  be 
repeatedly  distilled  with  sodium  till  all  the  chlorine  is  removed  from  it,  the  product 
ultimately  obtained  is  octylene  CH'*  (Bonis).  Chloride  of  octyl  prepared  from  the 
hydride  exhibits  the  same  reaction  as  that  obtained  from  the  alcohol ;  when  heated 
with  alcohol  and  acetate  of  potassium,  it  is  resolved  into  octylene  and  octylie  acetate. 
(Pelouze  and  Cahours.) 


OF.  Octylie  Alcohol.  Caprylic  Alcohol.  C«H".H.O. 
—This  alcohol  is  obtained,  according  to  Bonis  and  other  chemists,  by  distilling red- 
noleate  of  potassium  or  sodium  with  excess  of  caustic  alkali.  Others  again  assert  that 
the  volatile  products  of  this  reaction  are  heptylic  alcohol,  CH^K),  and  methyl-cenanthyl, 
CHP'O.  Tnese  opposite  views  have  already  been  discussed  in  connection  with  heptylic 
alcohol  (iii.  144).  As  there  observed,  tre  must  suppose,  pending  the  further  investi- 
gation of  the  subject,  that  one  or  the  other  of  these  alcohols  is  produced,  according  to 
the  particular  drcumstances  of  the  reaction.  The  mode  of  preparation  has  been  already 
described  {loc,  cit.).    According  to  Lirapricht  (Ann.   Ch.  Pharm.  xciii.  242),  the 
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Bepanidoii  of  the  metbyl-cDiiaiithyl  formed  at  the  same  time,  ia  never  completely 
efreeted  by  means  of  add  sulphite  of  sodinm,  on  account  of  the  greaey  nature  of  the 
eomponnd  formed ;  and  the  only  way  of  effectually  removing  this  acetone  is  that 
adopted  by  Bonis,  which  consists  in  repeatedly  distilling  the  liquid  over  fresh  lumps 
of  canatic  potash  as  long  as  any  brown  substance  remains  in  the  residue. 

OctyUc  alcohol  is  uso  produced  by  distilling  acetate  of  octyl  (obtained  from 
American  petroleum)  with  potash.    (Pelonse  and  C  a  hours,  loe.  cit.) 

Octylic  alcohol  is  a  colourless  transparent  oily  liquid,  having  a  strong  aromatic 
odoor  and  making  grease-spots  on  paper.  It  has  no  action  on  polarised  light 
(Bonis).  Itboils  at  180O (Bonis);  at  179°  (Moschnin,  Squire);  at  180<>— 1840 
(Pelouze  and  Cahonrs).  Specific  gravity  »  0*823  at  17^  (Bonis);  0*826  at  16^ 
(Pelonse  and  Cahonrs).  Vapour-density  obs.  t*  4*55  (Bouis);  calc  «  4'51. 
Its  composition  is  as  follows :  * 
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Daehaner,  by  dissolving  sodium  in  the  alcohol  (purified  by  treatment  with  acid 
solphite  of  sodium)  and  treating  the  resulting  mass  with  chloride  of  acetyl  obtained 
acetate  of  octyl  containing  70-0  per  cent,  carbon,  and  11-9  hydrogen,  the  formula 
CH^CV)^  requiring  69*7  carbon,  and  11-6  hydro^n. 

Octylic  alcohol  is  insoluble  in  watery  but  dissolves  m  alcohol,  ether,  and  tDOodspirit, 
and  very  readily  in  acetic  acid.  It  dissolves  phosphorus,  sulphur,  iodine,  foaed. 
chloride  of  zinc,  fats,  resins,  and  copal.  It  rapidly  absorbs  hydrochloric  acid  gas, 
which  however  it  gives  off  again  when  heated.  It  combines  with  chloride  of  calcium, 
forming  very  deliquescent  prisms,  which  dissolve  in  cold  more  freely  than  in  hot 
odylie  alcohol,  and  are  decomposed  by  water.    (Bonis.) 

Octylic  alcohol,  when  free  from  methyl-c&nanthyl,  lb  not  altered  by  exposure  to  the  air, 
or  by  paasine  oxygen  through  it  at  the  boiling  heat  (Bonis).  It  is  oxidised  by 
nitric  acid,  yieldinff  various  fatty  acids.  Sulphuric  acid  dissolves  in  it,  forming  octyl- 
snlphnric  acid,  and  generaUy  also  octylene  and  neutral  octylic  sulphate.  'Bjfu7n^ 
ing  sulphuric  acid  it  is  converted,  first  into  octyl-sulphuric  acid,  then,  on  further  action, 
into  meta-octylene  (Bonis).  Fused  chloride  of  zinc  converts  it  into  octylene. 
With  glacial  phosphoric  acid  it  yields  octyl-phosphoric  acid.  With  hydrochloric  acid, 
pentachloride  of  phosphorus,  bromine  and  phosphorus,  and  iodine  and  phosphorus,  it 
exhibits  the  usual  reactions  of  alcohols.  With  potassium  (or  sodium)  it  yields  a  sub- 
stitntion-product.  Heated  with  qmcldimc,  it  yields  hydrogen  and  oaseous  hydro* 
carbons.  It  reduces  oxide  (but  not  nitrate)  of  mver^  when  heated  wit£  it,  forming  a 
metallie  minor.    (Bonis.) 


I  OF.  C^"  -  C»»H".H.  Hydride  of  Capfy/.--This 
hydrocarbon  is  one  of  the  constituents  of  American  petroleum,  and  is  found  in  the 
portion  of  the  oil  boilinff  between  116^  and  120°  (Pelonse  and  Cahonrs,  Ann.  Ch, 
^harm.  cxxvii.  197 ;  Jahresb.  1863,  p.  628) ;  also  among  the  light  oils  obtained  hjr 
distilling  Wigan  cannel-coal  at  a  low  tiCmperature  (Schorlemmer,  Chem.  Soc.  J. 
zv.  419).  It  is  produced,  together  with  many  of  its  homolognes,  by  the  action  of  zinc- 
chloride  on  amylic  alcohol,  passing  over,  together  with  octylene,  in  the  portion  of 
Uqnid  which  distils  between  110°  and  130°;  and  on  treating  this  distillate  with 
bromine  which  unites  with  the  octylene,  and  distilling  again  under  a  pressure  of  20  mm., 
the  octyHc  hydride  passes  over  at  80°  (Wnrts,  Ann.  Ch.  Pharm.  cxxviii.  230; 
Jahresb.  1863,  p.  609).  It  is  a  colourless  liquid,  having  a  faint  ethereal  odour, 
boiling  at  119°  (Schorlemmer),  at  116°— 118°  (Wnrtz),  at  116°— 118°  (Pelonse 
and  Cahonrs).  Specific  gravity  i-  0728  at  0°  fWurtz).  Vapour-density  401 
(WnrtsX  calc.  ^  3*947.    Chlorine  converts  it  into  chloride  of  octyL 

OOTTXf  ZOBIBB  OF.  C^H^'I.  (Bonis,  Ann.  Ch.  Phys.  [8]  xliv.  131. 
— Sqnire,  Chem.  Soc.  Qn.  J.  vii  108.) — Obtained  by  the  action  of  iodine  and  phos- 
phorus on  octylic  alcohoL  It  is  an  oily  liquid,  having  an  odour  of  oranges,  boiling 
with  decomposition  at  211°  ^BouisX  at  193°  (Squire).  Specific  gravity  »  1-31  at 
16°  (Bonis).  It  bums  witn  a  smoky  flame,  and  turns  red  on  exposure  to  light 
Heated  with  alcoholic  ammonia,  it  yields  hydriodate  of  octylamine  (Squire,  Cahonrs, 
Bonis);  if  the  octylic  iodide  is  in  excess,  di-  and  tri-octylamine  are  likewise  formed 

•  Tbe  analyses  of  raator-oU,  alcohol,  which  agree  mora  nearlj  with  the  7-carboa  fonnula,  have  been 
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(Bouis).  With  sodium  or  potassiimi,  it  beBaves  like  the  chloride.  Heated  with  prO' 
tosulphide  of  sodium  in  alcoholic  eolution,  it  forms  sulphide  of  octyl  and  iodide  of 
sodium.  Heated  with  mereur$ff  it  yields  meicnrous  iodide,  octylene^  and  free  hydrogen. 
Its  alcoholic  solution  precipitates  silver-salts,    (Boui&) 

OCTn,  OZIBB  or.  (G^")*0  ?— -Obtained,  thouj^h  not  pure,  by  distilling? 
octylate  of  sodium  with  chloride  of  octyl;  also  by  distuling  octylic  alcohol  with 
sulphuric  add,  the  add  being  heated  in  a  retort  and  the  alcohol  allowed  to  flow  in 
slowly.    (Bouis.) 

OCTTIn  SUXiVBXBB  or.  (C*Hi^)*S.— When  an  alcoholic  solution  of  proto- 
Bulphide  of  sodium  is  heated  with  iodide  of  oct^l,  till  the  mixture  becomes  turbid, 
sulphide  of  octyl  separates  as  an  oily  liquid,  lighter  than  water,  and  haying  an 
unpleasant  odour.  It  is  slightly  soluble  in  alcohol;  decomposes  when  heated. 
(Bouis.) 

OCTTtUkXamWL  Caprylamine.  C^>*N  ->  C"H*'.H*.N.  (W.  8.  Squire, 
Chem.  Soc  Qu.  J.  yii.  108.— Cahours,  Ann.  Ch.  Pharm.  zdi.  399.  — ^Bouis, 
Ann.  Ch.  Pbys.  [3]  zlir.  139.— Pelouze  and  Cahours,  Jahresb.  1863,  p.  629.)— A 
base  produced  by  heating  alcoholic  ammonia  with  iodide  of  octyl  (Squire,  Cahours, 
Bonis),  or  with  Che  chloride  (Pelouse  and  Cahours)  ;  also  by  distilling  a  mixture 
of  octylsulphate  and  cyanate  of  potassium,  and  treating  Uie  resulting  distifiate  (which 
crystallises  readily,  and  probably  consists  of  cyanate  and  cyanuzate  of  octyl)  with 
potash.    (Bouis.) 

Octylamine  is  a  colourless,  bitter,  yeiy  caustic,  inflammable  liquid,  haying  an  ammo- 
niacal  fishy  odour.  Specific  gravi^  0*786  (S  q  u  i  r  e).  Boiling  point  164°  (S q  u  i  r  e) ; 
1720—175°  (Cahours);  176°  (Bonis);  168°— 172°  (Pelouze  and  Cahours). 
Octylamine  is  insoluble  in  water.  It  predpitates  metallic  salts^  and  dissolyes  chloride 
of  silver.  With  iodide  of  octyl ^  it  yields  di-  and  tri-octylamine.  With  the  chlorides  of 
benzoyl  and  cumyl,  it  forms  octyl-benzamide,  and  octyl-cumylamide.     (Cahours.) 

Octylamine  unites  readily  with  acids.  The  hydriodate,  d*H'*NI,  forms  large  plates, 
easily  soluble  in  water.  The  hydrochlorate,  C'H^l,  is  yery  deliquescent,  but  ulti« 
mately  oystallises  in  yacuo,  in  lar^  nacreous  plates.  The  chloroaurate,  CH"NAu01\ 
is  deposited  from  dilute  solutions  in  shining  yellow  laminn  resembling  iodide  of  lead. 
The  chloroplatinate,  CH^NPtCl',  separates  from  boiling  solutions  in  shining  golden- 
yellow  scales  or  laige  thin  plates,  easily  soluble  in  alcohol  and  ether.  The  nitrate, 
C»H^J^O»,  and  sulphaU,  (C»H»N)«SO*,  are  crystallisable  and  readUy  soluble  in 
Irater. 


Caprylene,  CH**. — This  hydrocarbon  is  produced,  as  already  men- 
tioned, by  heating  octylic  alcohol  with  sulphuric  acid  or  fhsed  chloride  of  zinc  (Bouis); 
by  heating  iodide  or  diloride  of  octyl  with  sodium  or  mercury  (Bonis);  by  hating 
chloride  of  octyl  with  alcoholic  potash  (Pelouze  and  Cahours);  also,  together  with 
several  other  defines  and  many  alcoholic  hydrides,  by  the  action  of  chloride  of  zinc  on 
amylic  alcohol  (Wurtz).  It  is  also  formed  together  with  hydrogen,  marsh-gas,  and 
other  gaseous  hydrocarbons,  when  pelar^nic  acid  is  distilled  with  potash-lime,  consti- 
tuting the  greater  part  of  the  liquid  distillate  thus  obtained,  which  passes  over  between 
106°  and  110°  (Cahours,  Compt.  rend.  xxxi.  143).  It  may  be  obtained  in  like 
maimer  from  otner  fatty  adds,  viz.^  cBuanthylic,  capr^lic,  palmitic  add,  &c.,  and 
appears  to  be  produced  in  the  distillation  of  most  fixed  oils. 

Octylene  is  a  very  mobile  oil,  lighter  than  water  and  insoluble  therein,  very  soluble 
in  alcohol  and  ether.  It  boils  without  decomposition  at  126°  (Bonis);  at  116° — • 
120°  (Cahours);  at  118°— 120°  (Pelouze  and  Cahours);  below  120°  (Wurtz) ; 
at  116° — 117°  (Schorlemmer).  Vapour-density,  obs.  =  3*86 — 8*90  (Bouis);  4*0 
(Wurtz);  4*17  (Schorlemmer);  <»1c.k  3*878.    It  bums  with  a  yery  bright  flame. 

It  is  violently  attacked  by  strong  nitric  acid,  yielding  nitro-  and  dinitro-octylene 
(Cahours).  When  treatea  first  with  sesqui-hydrated  nitric  add,  2HNO'.3HK),  and 
then  with  a  mixture  of  ftiminff  nitric  add  and  oil  of  vitriol,  it  yields  dinitro-octylene, 
C"H*^(NO*)',  which,  alter  wauiing  and  diyin^,  forms  an  oily  liquid,  heavier  than  water, 
and  sUghtly  soluble  in  water,  forming  a  solution  having  a  strongly  irritating  odour.  It 
is  decomposed  by  di^illation,  giving  off  red  vapours,  leaving  a  luack  residue,  and  yield- 
ing a  distillate  of  nitro-octylene,  CH>*NO*,  a  liquid  possessing  similar  properties. 
Octylene  is  not  attacked  by  sodium,  but  if  dry  chlorine  oas  is  passed  into  the  liquid,  a 
yiolet-coloured  compound  having  the  composition  CH**ClNa*  or  CH*>Na.NaCl,  is 
formed,  with  evolution  of  hydrogen.  With  iodine  and  bromine,  corresponding  com- 
pounds are  formed.    (Bouis.) 

Metmp-ootylene,  CH*'?— A  hydrocarbon  polymeric  with  octylene,  obtained  by  the 
prolonged  action  of  fuming  sulphuric  add  on  octylic  alcohol.  When  purified  by  wash- 
ing wiSi  water,  alcohol  and  aqueous  potash,  it  forms  a  colourless  inodorous  Uquid  of 


i 
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specific  gamtv  0*814  at  15^,  and  boilinff  with  decomposition  at  250^.  It  is  insoluble 
in  WHt^r,  nearlj  insolnble  in  cold  alooholi  burns  with  a  bright  flame,  is  not  acted  on  by 
boiling  potash.    (Bouis.) 


OCTT&mnBy  JLCSTATB  OT, 


\  C»*H«0*-^(^^,'X  1 0« —Obtained  by  heating 


an  ethereal  solution  of  the  bromide  with  acetate  of  silver  to  100^.    It  is  a  thick  oily 
liquid,  boiling  between  240'^  and  245^  (Wnrtz);  245<^  and  250®  (De  Clermont). 

OCTT&BVBt  BROaCZBB  OF.  C*Hi*Br>.— Produced  by  direct  combination 
le,g.  by  the  action  of  bromine  on  the  mixture  of  octylene  and  octylic  hydride  occurring 
amongst  the  products  of  the  decomposition  of  amylic  alcohol  by  chloride  of  zinc).  U 
is  an  amber-coloured  heavy  liquid,  which  cannot  be  distilled  without  decomposition, 
even  in  rarefied  air.    (Wurtz.) 


C«H>«0«  -  (C«H«)\B?.0«.  Ociylio  Glycol. 
OctyUmc  aleokoL  (P.  D  e  Clermont»  Compt  rend.  lix.  80 ;  Ann.  Ch.  Phann.  SuppL  iii. 
254.) — Obtained  b^  decomposing  the  acetate  with  finely  pulverised  potash  added  by  small 
poitions,diatiilinff  man  oil-bath,  renting  the  whole  process  several  times,  and  puriiying 
the  product  by  ^actional  distillation,  it  is  a  thick,  oily,  colourless,  inodorous  liquid, 
having  a  burning  aromatic  taste,  insoluble  in  water,  soluble  in  alcohol  and  in  ether. 
Specific  gravity  -  0-982  at  0^,  and  0*920  at  29<'.    Boils  between  286^  and  240°. 

OOTTXJOn,    BTI>mATOOBXiOSZBB     OF.      C"H>'aO    «      ^^^'hO  | 

Oetjfleme  ChlorhydHn, — ^This  compound  is  formed :  1.  By  the  action  of  strong  hydro- 
chloric acid  on  octylenic  alcohol ; — 2.  By  the  action  of  hypochlorous  add  on  octylene. 
The  fiist  reaction  yields  a  very  impure  product  To  prepare  the  compound  by  the 
second,  pure  octylene  is  added  to  a  solution  containing  2  or  8  per  cent,  hypochlorous 
add.  obtained,  according  to  the  method  of  Car  ins  (Ann.  Ch.  rharm.  cxzvi.  195),  by 
agitating  dilorine  gas  as  free  as  possible  from  air,  with  mercuric  oxide  previously 
heated  to  300^,  and  suspended  in  a  small  quantity  of  water.* 

The  product  is  a  mixture  of  mercuric  oxychloride,  water,  and  hydratochloride  of 
octylene.  The  latter  is  extracted  by  ether,  the  mercury  predpitated  by  sulphydrio 
add,  the  excess  of  add  neutralised  l^  carbonate  of  sodium,  ana  the  liqud  submitted 
to  fractional  distillation.  The  hydratochloride  is  then  obtained  nearly  pure,  in  the 
form  of  an  aromatic  liquid  boiling  between  204^  and  208°.    (De  Clermont,  loc.  cit.) 


A  vegetable  wax  obtained  from  the  fruit  of  MtfrUtica  ocuba, 
oJieinaHa  or  seln/era,  a  plant  growing  abundantly  in  the  marshy  grounds  on  the  shores 
of  the  Amaaon  and  its  tributaries.  The  shelled  fruit,  bruised  and  boiled  with  water, 
yields  from  18  to  19  per  cent,  of  the  wax,  which  is  yellowish- white,  of  the  consistence 
of  bees-wax,  melts  at  36°,  dissolves  in  boUing  alcohol.  It  contains,  according  to  Lewy's 
analysis,  74-0  per  cent  carbon,  11*3  hydrogen,  and  14*7  oxygen,  but  is  most  probably  a 
mixture  of  difierent  fats.  It  is  easily  bleached,  and  is  vSedi  extensively  in  Brazil  for 
the  manufactnre  of  candles. 


OOmx*  (Anderson,  Ann.  Ch.  Pharm.  Ixiii.  370.) — ^When  fats  or  oils  contain- 
ing oleic  acid  are  distilled  with  sulphur,  a  fetid  oil  passes  over,  which  may  be  separated 
by  rectification  into  several  others,  the  first  of  which  is  a  limpid  oil  boiling  at  about 
71° ;  but  the  quantity  of  this  limpid  oil  is  but  small,  and  it  is  not  found  possible  to 
obtain  fractions  of  constant  boiling  point  The  crude  oil  dissolved  in  alcohol  yields 
predpitates  with  various  metallic  salts.  With  mercuric  chloride,  a  white  precipitate 
ui  formed,  yielding  by  analysis,  14*61  per  cent,  carbon,  2*72  hydrogen,  60*01  mercury, 
10-26 — 10*67  chlorine,  and  12*48  sulphur,  whence  Anderson  deuces  the  formula 
Ol^^,2HyCl  +  C^^iP.Hg^Sf  regarding  the  precipitate  as  a  compoimd  of  mercuric 
chloride  and  mercurous  sulphide  wiui  the  body  C^IfiS',  which  he  calls  sulphide  of  odmyl, 
Gerhardt,  on  the  other  hand  {TraiU,  ii.  637),  suggests  the  formula  C*H"HgS.HgCl. 
(requiring  14*76  C,  2*80  H,  6 1*22^,  1107  CI  and  lOlo  S),  representing  it  as  a  compound 
of  mercuric  chloride  with  mercuric  sulphotetrylate  (analogous  to  mercuric  sulphethy- 
late  or  mereaptide,  ii.  648).  The  mercury  predpitate  suspended  in  water  is  blackened 
and  deeompoaed  by  sulphydric  add,  and  the  liquid  ^elds  by  distillation  a  limpid  oil, 
lighter  than  water,  and  liaving  a  repulsive  odour  like  that  of  certain  umbelliferous 
plants.    This  oil  (regarded  by  Anderson  t^  sulphide  of  odmyl,  but  perhaps  consisting 

*  The  proportfont  required  are  15  grrat.  mercuric  oxide  to  a  litre  of  chlorine.  The  agitation  muet 
be  performed  In  a  dark  pince  and  in  bottles  not  conuinfng  more  than  a  litre.  With  larger  q  nan  titles,  the 
proceit  tajlfi  from  formation  of  mercuric  chlorate.  Pare  hypochlorous  acid  is  not  well  adapted  for  ex- 
periments like  ibe  above,  as  it  easily  gives  off  chlorine,  even  in  dilute  soliitioD.  The  soiution  obtained 
•s  jost  dKscribed  should  therefore  be  mixed  with  a  small  additional  quantity  of  mercuric  oxide  pre- 
viously heated  to  9VP  and  suspended  iu  a  small  quantity  of  water.    (C a  r  1  u  s.> 
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of  tetTyl-BQlphydric  add,  or  tetiylic  mereaptan)  gives  with  alcoholic  merearie  cfalaride 
a  white  precipitate,  exactly  resembling  the  preciBdiiig,  and  with  platinic  chloride  a 
yellow  precipitate  similar  to  that  obtained  with  the  lunpid  oil  obtained  by  rectiiying 
the  crude  sulphuretted  oiL 


OBOXm.    A  volatile  base  obtained  by  Unverdorben  from  bone-oiL    It  appears 
to  have  been  impure  picoline. 

See  TuBQUois. 

and  WPTHMSLm  (Liebig  and  FelouECy  Ann.  Ch.  Pharm. 
xix.  241. — Delffs,  ibid.  Izzz.  290). — The  name  oenanthic  ether  was  given  by  liebig 
and  Pelouze  to  an  ethereal  liquid  which  exists  in  all  wines  and  is  the  source  of  their 
peculiar  odour,  causing  a  few  drops  of  wine  left  in  a  bottle  to  be  distinctly  smelt, 
whereas  a  mixture  of  pure  alcohol  and  water  of  the  same  alcoholic  strength  as  wine 
has  scarcely  any  odour.  This  ether  remains  in  small  quantity  as  an  oily  liquid,*  when 
large  quantities  of  wine  are  distilled ;  it  may  be  obtained  with  greater  fiicility  by 
distilling  wine-lees  with  half  its  bulk  of  water,  taJking  care  that  the  mass  does  not 
carbonise.  The  distillate  contains  a  small  quantity  of  firee  acid  from  which  it  may  be 
freed  by  washing  with  aqueous  carbonate  of  sodium. 

When  thus  purified  and  dried,  oBuanthic  ether  is  a  very  mobile  liquid,  having  a  very 
strong  vinous  odour,  almost  intoxicating  when  inhaled.  Its  taste  is  very  strong  and 
disagreeable.  It  dissolves  easily  in  ether  and  in  alcohol,  even  when  the  latter  is  rather 
dilute,  not  perceptibly  in  water.  Sp.  gr.  -■  0-862  (Liebig  and  Pelouse);  0-8726  at 
15'5o  (Delffs).  Boils  between  226'>and  230^^  (L.  and  P.);  at  224''  (Delffs).  It  gives 
by  analysis  70*5 — 71*5  per  cent,  carbon  and  11*8 — 12*1  hydrogen,  whence  Liebig  and 
Pelouze  deduce  the  formula  C"W(^  (calc  72*0  per  cent  C  and  12*0  H),  rvgvding 
the  compound  as  the  ethyUc  ether  of  cenanthic  acid,|C'*£^'*0*.  Delfis,  on  the  other 
hand,  considers  it  to  be  identical  with  pehirgonate  of  ethyl,  C^'H^O*  or  C"H*K>*  « 
C"H"(C<H*)0^  (requiring  71*0  per  cent.  C  and  11-8  H).  The  vapour^density  is  98 
according  to  Liebig  and  Pelouze;  7*04  at  270^  according  to  Delm;  the  calculated 
vapour-density  of  pelargonic  ether  is  6*46. 

Jiy  treating  osnanthic  ether  with  an  alkali,  and  decomposing  the  product  with  sul- 
phuric acid,  (snanthic  acid  is  obtained  as  an  oil  which  may  be  washed  with  warm 
water,  and  dried  with  chloride  of  calcium,  or  in  vacuo  over  oil  of  vitrioL  This 
acid  forms  at  13^  a  colourless  butterv  mass,  melting  at  a  higher  temperature  to  a 
colourless,  tasteless,  inodorous  oU,  which  reddens  htmus,  and  diMolyes  easily  in  alkalis 
and  alkaline  carbonates,  also  in  ether  and  in  alcohol.  It  contains,  according  to  Liebig 
and  Pelouze,  68*6 — 67*6  per  cent  carbon,  and  11*6  hydrogen,  whence  they  deduce  the 
formula  O*H**0*  (calc.  68*85  G,  and  11*6  H).  Delfib,  on  the  other  hand,  regards  it  as 
pnelargonic  acid,  C"^"0*  or  C»H»"0«,  which  requires  68*36  O  and  11*40  H.  The 
silver-salt  gives  by  analysis  36*7  per  cent,  silver  (L.  and  P.);  27*1  (Mulder);  40*6 
{Delffs) ;  pelargonate  of  silver  contains  40*76  per  cent. 

CEnanthic  acid,  when  distilled,  first  gives  off  a  mixture  of  water  and  the  unaltered 
acid,  afterwards  the  so-called  anhydrous  cenanthic  acidf  C^*H**0',  in  the  form  of  a 
liquid,  which  begins  to  boil  at  260^,  solidifies  at  31^,  and  contains,  according  to  Liebig 
and  Pelouze,  73*3 — 74*3  C,  and  12*2  H.  Now,  as  pelargonic  acid  when  heated  distils 
altogether  unaltered,  Liebig  still  regards  oenanthic  acid  as  distinct  from  pelargonic 
acid.  The  point,  however,  requires  nirther  investigation,  as  it  is  evident  that  neither 
the  acid  nor  the  ether  has  been  obtained  pure.  According  to  Fischer  (Ann.  Ch. 
Pharm.  cxv.  247),  the  so-called  oenanthic  acia  is  a  mixture  of  capric  and  caprylic  adds. 

<31ilorcBiuuaiflilo  JLeld  and  Bther.  Malaguti  (Ann.  Ch.  Phys.  [2]  Ixx.  363), 
by  treating  oenanthic  ether  with  chlorine,  obtained  a  bitter,  fragrant^  syrupy  liquid, 
sparingly  soluble  in  alcohol,  having  a  specific  gravity  of  1*2912  at  16^,  decomposed  by 
distillation,  and  containing  37*15  per  cent  C,  6*30  H,  and  48*66  CI,  whence  he  deduces 
the  formula  C^*Ii**Cl*0^.  When  decomposed  by  potash,  it  yields  an  oily  acid  containing 
43*2— 43'4  per  cent  C,  6*3 — 6*6  H,  and  36*0 — 36*3  Ci,  agreeing  approximately  with 
the  formula  C'*i/»«C^O". 

For  further  details  respecting  all  these  compounds,  see  Gmelin*s  Handbook,  xii. 
465—460. 


C»H"0  -  C»H"0.H:  Hydride  of  (EnanthyL  (Enanihylie 
Aldehyde,  (Bussy  and  Lecanu,  J.  Pharm.  xiii.  62. — ^Bussy,  ilnd.  [3]  8,  821. 
—A-  W.  Williamson,  Ann.  Ch.  Pharm.  Ixi.  38.— Tilley,  Phil.  Mag.  xxxiiL  81.— 
Bertagnini,  Ann.  Ch.  Pharm.  Ixxxv.  281. — Bouis,  Ann.  Ch.  Phys.  xliv.  87.)— 
This  body,  which  is  the  aldehyde  of  cenanthylic  acid,  and  isomeric  with  butyrone,  is 

*  A  solM  lubstance  cnlird  oenanthic  ether,  which  if  nianuf«ctiired  in  Bavaria,  and  uied  for  flavoaria^ 
inferior  winei,  wat  exhibited  by  M.  Lichtenberger  In  the  International  Exhibition  of  iS6i.  iHiifiiuimm'* 
iZ^porl,  p.  lis.) 
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produced  by  thu  diy  distillation  of  castor-oil;  also,  according  to  Petersen  (Ann. 
Ch.  Pharm.  Ixxty.  281),  together  with  propylic  aldehyde  and  other  products,  by  the 
dfy  distillation  of  sebate  of  calcium. 

Preparation, — 1.  The  yellow  oily  distillate  obtained  by  the  dry  distillation  of 
castor-oil  is  separated  from  the  watery  liquid  and  distilled  with  five  or  six  times 
its  bulk  of  water ;  the  distillate  consisting  of  (snanthol,  with  small  quantities  of 
acrolein,  cenanthylic  acid  and  oily  fatty  adds,  is  shaken  up  with  6  pts.  by  weight  of 
water,  which  dissolves  out  the  greater  part  of  the  acrolein,  and  agam  distillea  with 
pure  water,  till  no  more  oily  liqaid  remains ;  this  distillate  is  shaken  up  with  weak 
l)aryta-water  till  it  no  longer  exhibits  an  acid  reaction,  then  decanted  and  distilled ; 
and  the  portion  which  goes  over  between  156^  and  168^,  is  collected  apart  (below  15(P, 
acrolein  distils  over).  The  pure  oananthol  thus  obtained  is  dehydrated  by  chloride  of 
calcinm  (Bussy,  Williamson  ).-^2.  The  product  of  the  dry  distillation  of  castor> 
oil  is  shaken  up  with  a  solution  of  carbonate  of  potassium,  whereby  a  solution  is  formed 
which  when  heated  to  the  boiling  point  yields  the  oenanthol  as  a  separate  layer  on  the 
snr&oe ;  this  liquid  is  remoTed,  and  treated  with  a  moderately  concentrated  solution 
of  acid  sulphite  of  sodium,  which  dissolves  the  cenanthol,  and  leaves  an  oily  liquid 
smelling  like  a  fixed  oiL  The  solution  on  cooling  deposits  sulphite  of  oenanthol  and 
sodium,  which  must  be  dried  and  decomposed  with  warm  water  containing  hydro- 
chloric or  sulphuric  acid  (Bertagnini).    See  also  Belf  f  s  (Jahresb.  1860,  p.  320). 

Properties, — GSnanthol  is  a  transparent,  colourless,  very  mobile  liquid,  of  sp.  gr. 
0*827.  It  has  a  strong,  not  unpleasant  odour,  and  a  taste  sweet  at  first,  but  afterwards 
persistently  sharp.  Be&acts  light  strong.  Boils  between  166^  and  158° (Bussy) ; 
155<'andl56<' (Williamson);  at  156<'(Tille7);  between  151<> and  152<'(S tad eler, 
Jahresb.  1857,  p.  360).  Vapour-density  —  4139  (Bussy);  from  4*08  to  601 
(Bonis):  by  calculation  8*952. 

It  dissolves  Tery  sparingly  in  toater,  imparting  its  odour,  and  mixes  in  all  proportions 
with  aicokol  and  ether. 

When  moist  oenanthol  is  exposed  for  some  time  to  a  low  temperature,  it  yields 
eolouzless  crystals  of  a  hydrate  2C*H"0.H'0,  smelling  like  oenanthuol  itself.  (Bussy.) 

Deeonyxmtions,—!,  When  cenanthol  is  subjected  to  continued  distillation,  the 
boiling  point  rises,  and  the  residue  in  the  retort  exhibits  a  greater  amount  of  carbon 
(Til ley,  Bouis).^2.  In  contact  with  the  air,  it  absorbs  oxygen  and  turns  sour;  when 
shaken  up  with  oxygen,  it  may  absorb  as  much  as  10  per  cent. ;  at  the  boiling  point 
the  absorption  goes  on  faster  (Bussy). — When  oenanthol  which  is  kept  cool,  is 
gradually  mixed  with  a  quantity  of  bromine,  sufficient  to  render  the  brown-red  colour 
permanent,  and  repeatedly  distilled  with  water,  a  colourless  liquid  is  obtained,  which 
turns  brown  when  dried  by  chloride  of  calcium,  or  over  oil  of  vitriol,  and  after  being 
freed  from  dissolved  hydrobromic  acid  by  caustic  soda,  contains  40*90  per  cent.  C, 
6*53  H,  and  from  44*6  to  45;7  Br  (CH>«BrO  requires  43*5  per  cent  0,  6*7  B;  and 
41*4  Br).  On  distilling  it  with  water  a  brown  resin  remains  in  the  retort  When 
oenanthol  is  mixed  with  iodine  and  phosphorus,  a  violent  explosion  ensues  (Limpricht). 
-  4.  (Enanthol  is  converted  by  cold  nitric  acid  of  ordinary  strength  into  metoenan- 
thol;  when  distilled  with  2  pts.  of  a  mixture  of  1  voL  strong  nitric  acid  and  1  vol. 
water,  it  is  gradually  converted  into  oenanthylic  acid  (Bussy).  When  oenanthol  is 
heated  with  2  pts.  of  strone  nitric  acid,  great  heat  is  produced,  red  vapours  are  given 
'oSf  and  the  greater  part  ox  the  oenanthol  is  destroyed  (Bussy).  When  oenanthol  is 
added  by  drops  to  strong  nitric  acid  contained  in  a  retort,  a  violent  action  takes  place, 
and  a  mixture  of  nitracrol  (p.  68),  oenanthylic  acid,  caproic  acid  and  nitric  acid  oistiLs 
over,  the  liquid  in  the  retort  containing  oenanthylic  and  caproic  acids  (Till ey). — 
6.  With  chlorine,  oenanthol  forms  hydrochloric  acid  andchloroenanthol  (Williamson). 
— 6.  (Enanthol  dropped  upon  crystallised  chromic  acid  takes  firo  with  violent  explosion ; 
dilute  chromic  acid  converts  it  into  oenanthylic  acid  (Bussy). — 7.  With  fuming  oil  of 
vitriol,  it  forms  a  conjugated  acid,  which  yields  cnrstallisable  salts  with  baryta,  lime, 
and  oxide  of  lead  (Bonis). — 8.  When  repeatedly  diBtilled  oygt  phosphoric  anhydride, 
it  yields  oenanthylene  (Bonis). — 9.  With  pentachloride  of  phospnorus,  it  becomes 
strongly  heated,  and  yields  a  aistiUate,  which  when  freed  firom  oxychloride  oi  phos- 
phorus by  ropeated  washing  with  water,  and  from  excess  of  oenanthol  by  agitation  with 
acid  sulphite  of  sodium,  consists  of  nearly  puro  chloride  of  heptyl  (Limpricht). — 
10.  CEnanthol  dropped  upon  frised  hydrate  of  potassium  gives  off  hydrogen,  and  forms 
cenanthylate  of  potassium  (Til ley). 

C^H'*0  +  KHO     =    CH^KO*  +  H«. 

When  it  is  mixed  with  a  strong  aqueous  solution  of  potash,  considerable  rise  of  tem- 
perature takes  place,  and  a  salt  of  oenanthylic  acid  is  produced,  together  with  an  oil, 
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which  18  deoompoeed  by  simple  distillation,  and  alter  being  washed  <n*  distilled  with 
water,  contains  76*4  per  cent  G  and  12*4  per  cent  H,  and  is  therefore  not  oenantfaoL 
Heated  with  alcoholic  potash,  oenanthol  fields  conanthrlic  add,  and  an  oil  which  whea 
dried  by  diloride  of  calcium,  contains  77*1  per  cent  Cf  and  12*7  H.     (Williamson.) 

11.  Distilled  with  qtticIUime,  it  yields  a  distillate  containing  heptylene,  octylen^ 
nonylene,  and  hydrocarbon  of  still  higher  boilins  point,  also  heptylic  alcohol  and 
csnanthyl-acetone,  or  hezyl-cenanthyl,  C"H^.    (Fit tig,  Ann.  Ch.  Pharm.  «*^»"  76.) 

12.  An  alcoholic  solution  of  oenanthol,  through  which  hydrochloric  acid  gas  is  passed, 
yields  cenanthylate  of  ethyl  (Til  ley). — 13.  (&ianthol  reduces  nitrate  of  silver;  when 
It  is  mixed  wi&i  ammonia  and  nitrate  of  silver  added,  a  white  precipitate  is  formed, 
which  is  reduced  by  heating,  and  silyeis  the  Teasel.  (Bussy.) 

14.  CEnanthol,  gently  heated  with  ginc-ethyl,  fonus  a  compound  oontaining  C^^fi*0. 
together  with  hydride  of  ethyl  and  hydrate  of  zinc : 

4C'H»*0  +  Z2n(C"H»)«    -     2C»*H*0  +  2C«H«  +  ZniH«0« 

The  compound  C**H*H)  is  not  of  constant  boiling  point  (Bieth  andBeilstein, 
Ann.  Ch.  Pharm.  czxvi.  241.) 

ConUnnatiofu.  a.  With  Ammonia.— (Enanthol  absorbs  a  lar;^  quantity  of  am- 
monia gas,  forming  at  first  a  crystalline  compound,  which  afterwards  hquefles  and  is  com- 
pletely deoomposeid  by  water  (Tilley,  Limpricht)~This  ammoniacal  compound, 
gently  heated  with  hydroc^nic  and  hydrochloric  adds  (as  in  the  preparation  of 
alanine  from  raleraldehyde,  L  63)^elds  a  yellowish  amorphous  body,  which  ciystallises 
from  strong  hydrochloric  add  m  needles,  and  appears  to  have  the  composition 
C"H*'NO*  HCL      (Erlenmeyer  and  Schaffer,  Jahreeb.  1863,  p.  866.) 

fi.  With  Acid  Sulphites  of  Alkali-metals. — CEnanthol  unites  directly  with 
these  salts,  forming  more  or  less  crystalline  compounds,  which  may  likewise  be  obtained 
by  pissing  sulphurous  anhydride  into  a  recently  prepared  solution  of  (snanthol  in 
alcoholic  ammonia,  potash  or  soda. 

The  ammonium'Salt,  G^H*'(NH^)SO',  forms  small  shining  prisms,  sparingly  soluble 
in  water  and  in  alcohol.  They  are  decomposed  by  boiling  witn  water,  giving  oflTcenan'* 
thol,  and  leaving  a  solution  of  add  sulphite  of  ammonium.  Heated  with  potash-lime, 
or  by  itself  in  a  sealed  tube  to  260^—270^  it  yields  tri-hexylamine,  C*>H"*N  » 
N^C'H")*.    (Petersen  and  Gossmann,  Jahresb.  1867,  p.  388.) 

The  potassium-saU  is  obtained  as  a  pulpy  mass,  which  gradually  becomes  crystalline, 
and  separates  from  alcoholic  solution  in  small  needles. 

The  sodium-salt,  C'Hi*NaS0'.2H^0,  crystallises  in  very  brilliant  interiaoed  scalM^ 
unctuous  to  the  touch,  and  exhaling  the  odour  of  oenanthol.  They  dissolve  easily  in 
water,  either  cold  or  warm,  without  decomposition,  but  the  solution  is  decomposed  bj 
boiling,  especially  in  presence  of  an  add  or  an  alkali,  drops  of  cenanthol  separating 
out  The  crystals  dissolve  very  easily  in  hot  alcohol,  but  are  nearly  insoluble  in  cold 
alcohol. 

The  aqueous  solution  forms  with  salts  of  harium,  lead,  or  siloer,  copious  predpitatea 
containing  oenanthol  chemically  combined. — Ammonia  added  to  the  aqueous  solution 
forms  an  abundant  curdy  precipitate,  which  soon  disappears,  oily  drops  collecting  at 
the  same  time  on  the  surface  of  the  liquid. — The  cold  aqueous  solution  is  not  decom- 
posed by  addition  of  a  large  quantity  of  sulphuric  or  hi/drochlorie  aeid^  the  compound 
even  crystallising  unaltered  from  an  add  solution.  Chloriru  and  brvmine  decompose 
it  instantly  at  ordinary  temperatures ;  iodine  only  with  aid  of  heat 

TRicRi.OBa{NAirrHOL,  C*H"C1*0. — Produced  by  the  action  of  chlorine  gas  on  oraan* 
thol.  It  is  a  viscid  oil  heavier  than  water,  and  having  an  agreeable  odour  somewhat 
like  that  of  caoutchouc.    It  blackens  when  distilled,  giving  off  hydrochloric  acid. 

MetcBnanthol*  CtH^O. — This  compound,  isomeric  with  oenanthol,  is  produced 
by  agitating  the  latter  with  nitric  acid  at  0^.  If  the  liquid  be  then  left  to  itself  for 
24  hours,  then  poured  into  a  shallow  dish,  and  exposed  in  a  cold  place,  metoenanthol 
is  obtained  in  beautiful  crystals,  which  remain  solid  up  to  the  temperature  of  5^  or  6^, 
are  inodorous,  dissolve  in  boiling  alcohol,  and  finally  crystallise  again  on  cooling. 
The  compound  melts  when  heated,  and  boils  at  230°.  It  is  not  decomposed  at  ordi- 
nary temperatures  by  ammonia,  potash  or  soda.    (Bussy.) 

^BKAM  TU I JU.  C'H"0. — The  hypothetical  radicle  of  oenanthylic  add  and  its 
derivatives.     The  same  name  is  sometimes,  but  inappropriately,  given  to  heptyl,  CH'*. 

qarAWTHIli,  CB&OSZBB  or.  CH"0C1.— Obtained  by  distilling  oenan- 
thylic add  with  pentachloride  of  phosphorus.  It  is  decomposed  by  water  into  h^'dro- 
chloric  and  oenanthylic  acids.     (C  a  hours,  Compt.  rend.  xxv.  724.) 

BYDSXDB  or.    Syn.   mth    CEnanthol  (p.  174.) 
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'■•    See  (ExAKTHTLoms  (p.  176) 

CrE»NO  =  N.H«.C'H"0.  A^oture  dananthyle.-^ 
Prodoced  by  the  action  of  ammonia  on  cenanthylic  anhydride.  Crystallises  Irom  a 
boiling  dilute  alcoholic  solution  in  small  scales ;  occasionally,  however,  the  crystallisation 
does  not  begin  till  some  time  after  the  solution  has  completely  cooled.  (Ohiozza  and 
Halerla,  Crerhardfs  TraiU,  ii.  728.) 

Syn.  with  HEPTTLEirB  (iii.  14). 

C'H'W     «     ^']^"^|o.     (Laurent,    Ann.  Ch. 

Phys.  IxvL  173.— Tilley,  Ann.  Ch.  Pharm.  xxxix.  160;  Ixvii.  106.— Bussy,  J. 
Pharm.  [3]  Tiii.  329. — Schneider,  Ann.  Ch.  Pharm.  Ixx.  112. — Arzbacher,  ibid. 
cxxiiL  200. — ^Brazier  and  Gossleth,  ibid,  Izxvi.  268).— This  acid  was  first  obtained 
by  Laurent  in  an  impure  state,  and  called  dzoUic  acid  ;  Berzelias  called  it  aboteic  acid. 
It  occurs  in  the  fusel-oil  of  spirit  prepared  from  maize. 

It  ia  produced  by  the  oxidation  of  cenanthol  in  the  air,  or  in  oxygen  gas,  or  when  that 
compound  is  boiled  with  nitric  acid  (Bussy,  Tilley),  or  with  chromic  add  (Brazier 
and  G-ossleth);  also  by  boiling  castor-oil  with  dilute  nitric  acid  (Tilley),  or  with 
diromic  acid  (Arzacher) ;  by  heating  the  distillate  obtained  from  castor-oil  with  nitric 
acid  (Schneider,  Ann.  Ch.  Pharm.  Izx.  112),  or  that  from  oleic  acid  with  strong  nitric 
acid  (Lauren  t,Bedtenbacher,lix.  41);  by  oxidising  heptylic  alcohol  with  chromate 
of  potassium  and  sulphuric  acid  (Schorlemmer,  Proc.  Boy.  Soc.  xiv.  171);  by  the 
action  of  nitric  acid  on  Chinese  wax,  (Buckton,  Chem.  Soc.  J.  x.  166) ;  on  azelaic 
acid,  and  on  spermaceti  (Arppe,  Ann.  Ch.  Pharm.  cxx.  288) ;  by  the  action  of  potash 
on  QDDanthol  (^ ussy,  p.  176) ;  and  by  melting  eebacic  acid  with  potash  (Koch.  Ann. 
Ch.  Pharm.  cxix.  173). 

Preparation. — 1  pt  of  o»nanthol  is  distilled  with  2  pts.  of  a  mixture  of  1  vol. 
ptrong  nitric  acid  and  2  voL  water  till  the  greater  part  has  passed  over;  the  oily  dis- 
tillate decanted  from  the  acid  water,  is  saturated  with  baryta-water  and  evaporated  to 
the  czystallising  point ;  and  the  barium-salt  which  crystallises  out  is  decomposed  by 
sulphuric  or  phosphoric  acid ;  the  oBuanthyUc  acid  then  rises  to  the  surface  in  the  form 
of  a  colourless  liquid.  An  additional  quantity  of  (snanthylate  of  barium  may  be 
obtained  by  washing  the  residue  in  the  retort  with  water,  which  extracts  oxalic  and 
oitrie  acids,  and  neutralising  with  baiyta-water.     (Bussy.) 

2.  A  mixture  of  1  pt.  castor>oil  and  2  pts.  of  nitric  acid,  diluted  with  an  equal  bulk 
of  water,  is  heated  in  a  retort;  a  violent  action  then  takes  place,  so  that  the  retort 
must  be  removed  from  the  fire  till  it  diminishes,  after  which  the  distillation  is  con- 
tinued for  several  days.  The  receiver  contains  the  oily  acid ;  the  retort,  the  watery 
liquid  and  a  thidc  fatty  substance  which,  when  distilled  with  water,  yields  a  laige 
additional  quantity  of  the  oily  acid.  The  product  is  washed  with  water,  distilled 
with  water,  and  dried  by  fused  phosphoric  acid.     (Tilley.) 

Properties. — (Enanthylic  acid  is  a  transparent  colourless  oil,  faavinff  an  unpleasant 
odour  like  that  of  cod-fish,  faint  in  the  cold,  but  becoming  stronger  at  higher  tempera- 
tures, and  a  pungent  exciting  taste.  It  b^ns  to  boil  at  148®,  but  decomposes  and 
bladcens  when  subjected  to  continued  distillation  (Tilley) ;  boils  at  212^  (Strecker), 
Lehrb.  v.  06).  According  to  Stadeler  (Jahresb.  1857,  p.  148),  it  has  a  specific 
gravity  of  0*9167  at  24*^,  and  boils  at  218^  It  dissolves  in  strong  nitric  acid,  and  is 
precipitated  therefrom  by  water.    It  is  soluble  in  alcohol  and  in  ether. 

DeeompoaiHons. — 1.  (Enanthylic  acid  bums  with  a  white  fiame  (Tilley).— 
2.  Heated  with  soda-iey  it  forms  a  neutral  oil  (Arzbacher). — 3.  Heated  with  potash-time 
it  yields  gaseous  and  liquid  hydrocarbons  of  the  formula  C"H^  (Cahours,  Compt 
Nnd.  'rnA,  141). — 4.  Heated  with  baryta,  it  yields  a  hydrocarbon,  boiling  at  about 
68^,  and  having  the  composition  of  hydride  of  hexvl,  C'H*^  (Riche,  Jahresb.  1860. 
pu  249). — 6.  When  distilled  with  pentachloride  of  phosphorus,  it  yields  chloride  of 
oenanthyl  (Cahours,  Compt.  rend.  xxv.  724). — 6.  A  concentrated  solution  of  cenan- 
tfaylate  of  potassium  decomposed  by  a  current  of  six  Bunsen's  cells,  gives  off  hydrogen 
and  carbonic  acid,  while  neutral  acid  and  carbonate  of  potassium  are  formed,  and  an 
oil  rises  to  the  surface,  which  when  distilled  with  potash,  leaves  csnanthylate  of  potassium 
and  yields  a  distillate,  consisting  mainly  of  hexyl  and  a  hydrocarbon,  C>^H'^  boiling  at 
170^'.     (Brazier  and  Gossleth.) 

(EiTAiiTHTLATis.  CH^MO  and  C'*H'*BiI''0*. — The  ammonium  and  potassium 
mits  ara  very  soluble  in  water. — The  barium-salt,  C"H"Bba"0*  (prepared  as  above) 
fimns  white  nacreous  scales  or  lancet-shaped  tablets.  It  has  a  faint,  slightly  bitter 
taste,  Axha]»iy  an  odour  of  perspiration  when  rubbed  between  the  fingers ;  dissolves  in 
67  pts.  water,  at  23®  (Bussy X  very  easily  in  hot  water,  still  more  easily  in  hot  alcohol 
of  85  percent.  (Arzbacher);  insoluble  in  ether.—The  copper-salt  separates  after  a 
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while  from  a  mixture  of  the  free  add  with  enpric  acetate,  in  needles  haying  a  fine 
green  colour  and  silky  lustre. — ^The  lead-salt  is  precipitated  by  neutral  acetate  of  lead, 
from  a  solution  of  oenanthylate  of  potassium,  as  a  lemon-yellow  powder,  insoluble  im 
water,  but  soluble  in  boilixig  alcohol,  whence  it  separates  in  Innall  scales  on  cooling. — 
The  silver-salt,  C^H^'AgO',  is  obtained  on  adding  nitrate  of  silver  to  the  acid  neutralised 
with  ammonia^  as  a  wmte  precipitate,  insoluble  in  water,  and  turning  brown  on  expo- 
sure to  light  By  dry  distillation,  it  yields  an  oil,  and  a  solid  substance  which 
crystallises  in  needles  from  hot  alcohol ;  both  are  acid. 

OBVAVTBTXiXC   ASTBTBSZBB.     C>«H**0*  «  ^|^|]^|o.— 6E'nanMyZa^  of 

(EnanthyL  Anhydrous-  (Enanthylic  acid,  (G  h  i  o z  z  a  and  M  a  1  e  r b  a,  Ann.  Ch.  Phann. 
xd.  102). — ^Produced  by  the  action  of  pentachloride  of  phosphorus  on  cenanthylate 
of  potassium.  It  is  a  colourless  oil,  of  specific  gravity  0'91  at  14°.  At  ordinary 
temperatures  it  has  a  faint  odour,  like  that  of  caprylic  anhydride.  It  gives  out  an  aro- 
matic odour  when  heated,  and  smells  rancid  if  kept  in  badly  closed  vessels. 

With  alkalis  it  behaves  like  other  anhydrides,  and  with  caustic  ammonia  it  yields 
cenanthykmide,  N.C'H>»O.H«. 

<BgAJiTHlJiIO  BTHSKS.  1.  (Enanthy  late  of  Ethyl,  C^H"(C^*)0*,  is 
obtained  by  passing  hydrochloric  acid  gas  through  an  alcoholic  solution  of  cenanthylic 
acid  (Tilley),  or  oenanthol  (William  son).  It  is  a  colourless  oil,  lighter  than  water, 
and  solidifying  in  a  freezing  mixture  ;  has  a  pleasant  fruity  odour;  is  insoluble  in  water 
but  dissolves  easily  in  alcohol  and  ether;  distils  easily  but  with  constantly  risixif^ 
boilingTpoint ;  bums  with  a  clear  but  fuliginous  flame. 

2.  (Enanthylate  of  Phenyl,  C'H"(C«H»)0*  produced  by  the  action  of  chloride 
of  oenanthyl  on  phenylic  alcohol,  is  an  oil  boiling  between  276^  and  280^.  (C  ah  ours, 
Compt  rend,  xxxviii.  257.) 

IBVAVTBT&O-SBirZOXC  AJTBYBXIBB.     C^H"O.C^*0.0.— See  Bekzo- 

(ENANTirrLIC  AlfHTDBIDB  (i.  668). 

IBWAVTBnO-CUBKZanc  AVBTBRXBa.  G'H»O.C"^R"0.0.— See  CxmiK- 
(EXAKTHYUO  Anhtdbidb  (ii.  180). 

OBVAVTBT&OVa.  C"HW0  -  C»H»O.C«H'«.  (Enanthyl-aeetone,  (Uslar 
and  Seekamp,  Ann.  Ch.  Fharm.  cviii.  179.) — Produced  by  the  dry  distillation  of 
oBoanthylate  of  caldum,  and  purified  by  rectification  and  crystallisation  from  alcohoL 
It  crystaUises  in  large  colourless  laminse,  of  specific  gravity  0*826,  melts  at  30^  solidifies 
again  at  29*6^,  boils  at  264®. 

Tilley  (Ann.  Ch.  Pharm.  Ixvii.  110),  by  heating  1  pt.  of  oananthol  with  6  or  6  pts. 
hydrate  of  potassium,  obtained  an  oil  boiling  at  120®,  and  containing  79*3  per  cent. 
carbon  and  13*3  per  cent,  hydrogen.  To  this  compound  Tilley  assigned  the  formaln 
O*IP*0  ^requiring  78;2  per  cent  C,  13-3  H,  and  7  6  oxygen),  designating  it  as  hydride 
of  atnanihyl,  Gmelin  (Handbook,  xiL  461)  suggests  that  it  may  be  cananthylone^ 
the  formula  of  which  requires  78*8  per  cent  C,  13*1  H,  and  8'1  0. 

OSir  All  TUT Xi-SVIiPBinUC  ACIB.  Syn.  with  HspTYL-suLFHiniic  AciD 
(iii.  149). 


Syn.  with  (Enanthic  Acid  (p.  174). 
Syn.  with  Hssittlsnb  (B  e  r z  e  1  i  u  s). 


C"H"  — A  colouring  matter  obtained  from  red  wine  by  predpi- 
tating  with  basic  acetate  of  lead,  exhausting  the  dried  precipitate  with  ether  containing 
hydrochloric  add,  then  with  pure  ether,  digesting  the  air-dried  residue  with  alcohol, 
and  mixing  the  concentrated  alcoholic  solution  with  water.  (Enolin  is  then  pnynpitated 
in  a  mass,  which  is  brown-red  while  moist,  nearly  black  when  dry,  but  yiekLs  a  violet- 
red  or  brown-red  powder ;  it  is  nearly  insoluble  in  pure  water,  more  soluble  in  wat4»r 
containing  vegetable  acids,  easily  soluble  in  alcohol,  insoluble  in  ether.  It  forms  a 
lead-compound  containing  C«*H'»Ppb"0'«.  (Crlinard,  Compt  rend,  xlvii.  268: 
Jahresb.  1861,  p.  476.) 


A  hydrometer  spedally  adapted  for  determining  the  alcoholic 
strength  of  wines. 


Syn.  with  Mesittl. 

BTZTB.  A  silico-titanate  of  zirconium  occurring  at  Arendal  in  Norway, 
commonly  in  crystals  of  pyroxene,  in  dimetric  crystals  in  which  P:  P  »  123®  16*'. 
Hardness  —  6-6.  Spedflc  gravity  =  3-629.  It  is  opaque  or  subtranslucent,  witli 
reddish-brown  colour,  and  splendent  adamantine  lustre.  Infusible  before  the  blow- 
pipe, and  according  to  Berzelius,  gives  a  trace  of  tin.  Contains,  according  to 
Porchhammer  (Pogg.   Ann.  xxxv.  680),    19*71   per    cent    silica,    68*79    titanie 
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•Bhydiide  and  sixeonia,  2*61  Hme,  2*06  magnesia,  1*14  feirovs  oxide,  and  6*52  water 
(-  100). 


OTTJL  ITTi  M  UH  Til,    An  old  name  for  add  carbonate  of  ammonium  precipitated 
bj  alcohol  from  aqueons  solution. 


OCMMMTB.    See  Rifidoijtb. 

OI&  HAS.  When  a  &t  oil  is  made  to  fall  in  drops  on  iron  or  earthenware  at  a 
low  red  heat,  it  is  for  the  most  part  resolved  into  a  gaseous  mixture  of  ethylene,  marsh- 
gas,  hjdrogen,  carbonic  oxide,  and  the  rapours  of  benzene  and  certain  empyrenmatic  oils. 
The  gas  thus  obtained  is  tax  superior  in  illnminatipg  power  to  coal-gas,  and  was 
manufactured  some  years  ago  on  a  somewhat  considerable  scale,  and  sold,  condensed  in 
strong  iron  cylinders,  ss  "  portable  gas;"  but  the  process  was  not  found  profitable,  and 
has  been  long  since  abandoned.  For  a  description  of  it  see  Urt^s  Dictionary  of 
Ckemittry,  4th  ed.  p.  642. 

OUbf  OMMUBMMM9  or  BSnCA.  A  name  sometimes  applied  to  American 
petroleum,  because  it  was  formerly  collected  and  sold  by  the  Seneca  and  other  Indians. 

OI&^  MlHBKATia    See  Pbtrolxuil 

OIZi  OF  ▼XTBXO&.    Strong  sulphuric  add. 
OZ&  OW  "Wnra.    See  Ethebin  (ii.  507). 

OTMM*  The  term  *'oil'  was  oiiginally  applied  to  certain  well-known  neutral  com- 
pounds ocenning  in  the  bodies  of  living  phuits  and  animftlw^  and  possessing  the  following 
properties : — They  are  liquid  at  common  temperatures ;  have  a  more  or  less  viscid  con- 
sistence; are  insoluble  or  nearly  insoluble  in  water,  but  dissolve  more  or  less  readily 
in  alcohol,  very  easilv  and  in  all  proportions  in  ether ;  take  fire  when  strongly  heated  in 
Uie  air,  and  bum  either  alone  or  by  means  of  a  wick,  with  a  more  or  less  fuliginous 
flame.  There  are  many  other  liquids  possessing  the  peculiar  consistence  called  "  oily," 
namdy,  some  members  of  the  fiitty  add  series,  butyric,  valerianic,  caproic  acid,  &c., 
many  organic  bases,  as  the  higher  homologues  c^  ethylamine,  certain  natural  alkaloids 
—nicotine  and  oonine  for  example — and  most  of  the  compound  ethers.  But  when  we 
speak  of  an  "  oil "  we  generally  mean  a  neutral  body,  formed  by  natural  processes  in 
the  living  animal  or  vegetable  organism,  and  possessing  the  properties  just  specified; 
and  in  that  sense  the  word  will  be  used  in  the  present  artide. 

Natural  Oils  are  divided  into  two  great  classes,  fat  or  fixed  oils,  and  volatile  or 
essential  oils. 

A. — Fat  or  Fixbd  Oils. 

These  bodies  exhibit  very  creat  similarity  of  chemical  compodtion,  most  of  them 
being  glycerides,  and  resolvable  by  saponification  into  glycerinand  certain  &tty  acids, 
chiefly  stearic^  palmitic  and  oldc  ados.  They  further  resemble  one  another  in  not 
being  volatile,  and  not  capable  of  distilling  without  decomposition,  by  which  characters, 
as  well  as  bv  tibeir  compodtion,  they  are  easily  distinguished  from  the  volatile  oils.  Fat 
oils  are  divided  into  drying  and  non-drying  oils.  The  former  thicken  when  ex- 
posed to  the  air,  absorbing  oxygen,  and  being  ultimately  converted,  if  spread  over  a 
urge  sur&ce,  into  a  yellowish,  transparent,  supple  membrane  or  varnish.  This  property 
renders  them  available  for  the  preparation  of  varnishes  and  oil-colours.  To  tnis  class 
belong  linseed,  nut,  hemp  and  poppy  oils ;  they  contain  an  olein  different  from  that 
of  the  non-diying  oils,  and  yielding  by  saponification,  not  oleic,  but  linoldc  add  or  an 
add  similar  thereto. 

The  non-drying  oils  are  likewise  gradually  altered  by  exposure  to  the  air,  though  in 
a  dififerent  manner.  They  turn  rancid,  that  is  to  say,  they  acquire  an  acrid,  disagreeable 
taste,  gradually  lose  their  colour,  and  to  a  certain  extent  their  fluidity,  and  acquire  the 
power  of  reddening  litmus.  This  alteration — which  never  takes  place  in  pure  glycerides, 
such  as  stearin,  palmitin  or  olein,  or  in  mixtures  of  them — is  due  to  the  presence  of 
foreign  matters,  namdy,  the  cellular  substance  of  the  plant  or  animal  from  which  the 
oil  has  been  extracted.  These  substances  act  as  ferments,  and  give  rise  to  the  decom- 
podtion  of  a  small  quantity  of  fatty  matter  in  contact  with  them,  the  palmitic,  oleic 
add,  &c,  of  this  portion  of  the  oil  being  then  set  free,  and  small  quantities  of  odorous 
volatile  adds  (butyric,  valerianic  caproic)  being  formed  at  the  same  time,  probably 
trcm  atmospheric  oxidation.  By  exhausting  rancid  oils  with  boiling  water,  and 
treating  them  in  the  cold  with  a  weak  alkaline  solution,  they  may  be  freed  from  these 
products  of  decomposition  and  restored  to  their  original  state. 

The  mode  of  occurence  of  fat  oils  in  the  bodies  of  plants  and  animals,  their  decom- 
podtion  by  distillation,  and  their  reactions  with  alkahs,  adds,  &c.,  have  already  been 
described  under  Fats  and  Gltcsbidbs.  The  individual  oils  are  described  in  their 
respective  alphabetical  places.    For  the  methods  of  extraction  on  the  large  scale,  and 

N  2 


180 


OILS:  FAT  OB  FIXED. 


pmifieation,  see  Ur^B  Diet,  of  Arts,  &c,  iii.  276.  The  following  table  exhibits  a  list 
of  the  principal  vegetable  fat  oils,  together  with  their  specific  gravities  and  soUdifjin^ 
points,  so  far  as  they  have  been  determined.  The  specific  gravities  marked  with  an 
asterisk  are,  according  to  determinations  (taken  at  16^)  by  Cloez  (Bull.  Soc.  Chim. 
1865,  p.  46) :  the  rest^  and  the  solidifying  points,  are  taken  from  Gmelin's  Handbook:, 
The  numbers  in  the  last  column  denote  the  temperatures  at  which  the  oils  become 
perfectly  solid :  nearly  all  of  them,  however,  become  viscous  or  semi-BoUd  at  tempera- 
tures somewhat  higher. 


Name  of  Oil. 

Name  of  plant  which 
yieldi  ft. 

Sp«ciae 
gravity. 

Solldifyins 
point. 

1.  Dating  Oils 

• 

Cress-seed  oil    . 

•    Lepidium  sativum 

0-924 

-  160 

Oil  of  Deadly  Nights 

liade  .    Atropa  Belladonna    . 

0-925 

-  27-6° 

Oil  of  Gold-of-Pleasui 

■eseed    Camelina  sativa 

0'93076* 

-  19«> 

Gourd-seed  oil  . 

•    Cucurhita  Pepo 

0-9231 

-  150 

Grape-seed  oil  . 

•     Vitis  vini/era    . 

0*9202 

-  110 

Hemp-seed  oil  . 

•    Cannabis  sativa 

0-93076* 

-  27-5*^ 

Oil  of  Honesty  . 

•    Hesperis  tnatronalis  . 

0-9232 

below  -  15® 

Linseed  oil 

•    Linum  usitatissimum 

0-93516* 

below  —  20** 

OU  of  Madi       . 

•    Madia  sativa    . 

0-9286  at  16<> 

below  —  10® 

Poppy  oil 

•    Papaver  somni/erum 

0-92702* 

-  18° 

Sunflower  oil     . 

•    Hdianthus  annuus    . 

0-92604* 

-  16° 

Oil  of  Scotch  Fir  see( 
Oil  of  Silver  Fir  cone 

I        •    Pinus  sylvestris 
B       .    Abies  Picca.  Dec. 

0-9312 
0-926 

-  30<» 

Oil  of  Spruce  Fir 

•    Abies  excelsa.  Dec      . 

0-9283 

below  —  \5^ 

Fatty  oU  of  Spruce  F] 

• 

IT 

0-904 

Tobacco-seed  oil 

•    Nicotiana  Tabacum    . 

0-9232 

-  16° 

Walnut  or  Nut  oU     . 

•    Juglans  regia     . 

0-92878* 

-  18° 

Weld-seed  oil    . 

•    Reseda  lutcola   . 

0-9358 

below  —  15° 

2.  Non-Dbtiko  0 

VLB 

(  Vegetable). 

Almond  oil 

.    Amygdalus  communis 

0-91844* 

-  21° 

Beech-nut  oil 

.    Fagus  sylvatica 

0-923 

-  17-5° 

Oil  from  seed  of 

Butca  frondosa 
CcUophgllum  inophyUum    . 

0-917 

+  10° 

Oil  from  seed  of 

0-942 

+  5° 

Oil  from  seed  of 

Canarium  commune  . 

+  5  to  -  2-50 

Castor-oil . 

.    Ricinus  communis     . 

0-9639* 

-  18° 

Cotton-seed  oil 

.     Gossypixim  barbadense 

0-9306 

Colza-oil  . 

.    Brassica  campestris  olei/era 

0-9136  at  160 

-  6-25° 

Croton-oil 

.    Croton  2\gUum 

0-94263» 

Oil  of  Cyperus-grass . 

Oil    of    Daphne    (0 

seminiim  Coceognid 

.    Cyperus  esculentus  (root)   . 

0-918 

if\^[   ^^P^n^  J^^^^^^^     • 

0-914— 0-921 

Earth-nut  oil    . 

.    Arachis  hypogma 

0-918 

Ergot-oil  . 

.    Secale  comutum 

0-922 

-  37° 

Hazel-nut  oil     . 

.    Corylus  Avcllana 

0-91987* 

-  19° 

Henbane -seed  oil 

.    Hyoscyamus  nigra     . 

0-913* 

Horsechesnut  oil 

.    Mscidus  Hippocastanum  . 

0-915 

+  8° 

Mesua-oil . 

.     Mesuaftrrea  ' . 

0-964 

+  6° 

Black  mustard  oil 

.    Sinapis  nigra    . 

0-92102* 

below  0° 

Whit«  mustard  oil     . 

.    Sinapis  alba 

0-93383* 

doet  not  solidify 

Oil  from  seed  of 

NigeUa  sativa    . 

0-92 

+  2° 

Oil  from  root  and  see< 

d  of      Pintts  qttadrifolia 

0-935 

Parsley-oil 

.    Petroselimim  sativum 

1-078  at  12'' 

(becomes  turbid 
^ai>  110  but  does 
(not  soUdifj 

-  8-7° 

Plum-kernel  oil 

.    Prunus  domestica 

0-9127 

Oil  from  seed  of 

Pongamia  glabra 

0-915 

+  8° 

Summer  Kape-seed  oi 

1       .    Brassica  prcecox 

0-91655* 

Winter  Bape-seed  oil 

.    Brassica  Napus 

0-91648* 

•  little  belov  00 

Sesame-oil 

.    Sesamum  orientals    . 

0-92415* 

-  6° 

Spindle-tree  oil 

.    Euonymus  eurvpieus  . 

0-95717* 

-12°  to -16° 

Spurge-oil 

.    Euphorbia  Lathyris  . 

0-92613* 

-  1H° 

Oil  from  seed  of 

Sterculia  fatida 

0-923 

below  +  3° 

Oil  from  various  kin( 

is  of    Thea  and  Camellia    . 

0-927 

f  form*  an  emnt. 
1      sion  at  4*&0 
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Cloes  {loe,  eit,)  finds  that  dr|ring  oils,  exposed  to  the  air  for  18  months,  increase  in 
Height  by  about  7  or  8  per  cent  (lOgrms.  linseed  oil  increased  to  10*703 ;  10  grms. 
poppy  oil  to  10'705;  10  ^rms.  hemp  oil  to  10*778) ;  non-drying  oils,  which  thicken  but 
slightly  on  exposure  to  air,  gain  £rom  3  to  6  per  cent.  (10  grms.  olire  oil  increased  to 
10*872 ;  almond  oil  to  10*469 ;  castor  oil  to  10*268 ;  horse-chesnnt  oil  to  10*542) ; 
those  which  thicken  considerably,  such  as  rape,  croton,  and  mustard  oils,  gain  in  the 
same  time  from  5  to  7  per  cent 

3.  Fish  Oils.  These  are  non-dzying  oils,  obtained  from  fish  and  cetaceous  animals : 
they  hare  usually  an  offensive  rancid  odour,  arising  from  the  peculiar  disposition 
abore  mentioned.  When  exposed  to  cold  they  for  die  most  part  deposit  solid  fats, 
palmitin,  cetin,  &c.,  while  olein  and  other  similar  fats  remain  in  the  liquid  state. 
Sperm  oil  yields  by  saponification,  physetoleic  acid  and  ethal,  or  cet^lic  aloohoL  The 
most  important  of  these  oils  are  sperm  oil,  occurring,  together  with  spermaceti,  in 
certain  cerebral  cavities  of  the  sperm-whale  {Phy after  maerocfphalua) ;  whale  or 
trtkinoil,  from  the  hlnhher  of  Bautnamysiicetits  and  oiherwhaXea;  sealoil;  sea- 
calf  oil;  shark  oil,  from  Squalus  majeimus;  pilchard  oil;  porpoise  oil, 
fh)m  Dephinus  phocaa;  dolphin  oil,  from  Delphinus  globicepe;  cod -liver  oil, 
fiom  the  liver  of  various  species  of  Gadus;  ray -liver  oil,  from  the  livers  ofBaya 
dawita  and  R.  batU  ;  and  burbot  oil,  from  the  liver  of  Gadtu  Lota  or  Lota  vulgaris. 
All  these  oils  will  be  found  described  in  their  alphabetical  places:  cod-liver  oil  as 
Olboc  Jbcobis  Askt.t.t,  dolphin-oil  as  Dblphut  (ii.  309). 

4.  Other  Aniical  Oils. — a.  Oil  of  Ants.  The  residue  left  on  distilling  ants  with 
vater,  yields  by  pressure  a  yellow  or  reddish-brown  fatty  oil,  which  floats  on  wat^r  and 
soUdifies  at  a  moderate  degree  of  cold. 

H.  Oils  from  Egg'yolk.^The  yolk  of  eggs  hard  boiled,  and  warmed,  yields  by  pres- 
rare,  and  by  exhaustion  with  ether,  two  fatty  oils  of  different  constitution.  The  oil 
obtained  bv  pressure  is  reddish-yellow,  viscid,  neutral,  and  has  little  or  no  taste.  It 
generally  deposits  a  solid  fat  and  solidifies  at  4^ — 6°  to  a  grinular  mass,  which  when 
left  to  dirain  on  a  filter  leaves  a  solid  fat  melting  at  66°.  The  oil  freed  from  this  fat 
is  thicker  than  linseed  oil,  and  solidifies  to  an  amorphous  mass  at  0°  (Blanche, 
J.  Pharm.  L  438).  It  contains  ^  of  cholesterin  (Lecanu,  ibid,  xv.  L) ;  also  volatile 
acids  (Redtenbacher).  The  oil  extracted  by  ether  has  a  fine  pure  yellow  colour, 
an  acrid  taste  and  an  unpleasant  odour,  absorbs  oxygen,  and  contains  in  addition 
to  the  true  oil,  a  viscous  substance  similar  to  or  identical  with  lecithin  (iv.  566),  which 
mav  be  separated  by  filtration  and  pressure.  The  oil  thus  purified  and  likewise  that 
which  is  extracted  from  the  yolk  by  pressure,  solidify  at  —  6°  to  a  granular  mass  con- 
taining cholesterin.  Both  oils,  when  exposed  to  the  cold,  deposit  a  mixture  of  marga- 
rin,  cholesterin,  and  colouring  matter.  They  are  free  fix>m  phopphorus  and  sulphur, 
and  differ  from  other  oils  only  by  containing  colouring  matter  and  cholesterin.  (Gob  - 
1  ey,  J.  Pharm.  [3]  ix.  12.) 

7.  Lard  oil. — ^A  neariy  colourless  oil  obtained  by  pressing  hog's  lard,  and  used 
for  greasing  wool.  Specific  gravity,  0  915  (Chevreul)  100  pts.  boiling  alcohol 
diss^ve  123  pts.  of  it  According  to  Braconnot,  lard  yields  0*62  of  its  weight  of 
this  oiL 

3.  Neafs-foot  oil. — The  feet  of  oxen,  after  the  hair  and  hoofs  have  been  removed,  yield 
when  boiled  with  water  a  peculiar  fatty  matter,  which  after  awhile  deposits  a  semi-solid 
&t  leaving  an  oil  which  does  not  solidify  at  0°  C,  and  is  not  liable  to  become  rancid. 
This  oil  is  used  for  many  purposes,  especially  for  oiling  church  clocks. 

«.  OU  of  SUkworms. — Obtained  by  exhausting  the  caterpillars  with  alcohol  and 
washing  the  extract  with  hot  water.  It  is  brownish-ffreen;  lighter  than  water;  neutral; 
remains  liquid  at  0° ;  dissolves  easily  in  cold  alcohol  and  ether;  is  easily  saixmified  by 
potash,  less  easily  by  lead-oxide,  yielding  stearic  acid  and  a  liquid  acia,  probably 
oleic.    (Las  s a i  gn  e,  J.  Chem.  Med.  xx.  47 1.) 

Adulteration  of  Fat  oils. — The  difference  in  price  of  the  several  fat  oils  often 
gives  rise  to  fraudulent  admixtures ;  thus  the  best  olive  oil  for  table  use  is  some- 
times  mixed  with  inferior  oils,  such  as  poppy,  sesam^,  or  earth-nut  oil ;  olive  oil  inten- 
ded for  manufacturing  purposes  is  adulterated  with  oolsa  oil ;  the  latter,  sometimes 
with  poppy,  linseed,  or  more  often  with  whale  oil,  &c  The  methods  of  detecting  these 
adulteratioiis  are  not  very  satuBfactory. 

Lef  ibvre  proposes  to  distinguish  fat  oils  by  their  density,  and  has  oonstrncted  for 
this  purpose  a  hydrometer  of  pecnl  iar  construction,  called  acoleometer,  having  a  very 
Luge  cylindricfli  bulb  and  a  very  long  stem,  on  which  are  inscribed  densities  from  0*8 
to  0'94  for  the  temperature  15°,  each  density  corresponding  to  that  of  a  commercial 
oil,  e.g.  0'917  to  olive  oil,  0*925  to  poppy  oil,  0939  to  linseed  oil,  &c  An  ordinary 
centesimal  alcoholometer  may  also  be  used  for  the  puinpose.  The  difference  of  density 
between  different  fat  oils  is,  however,  not  sufficiently  great  to  enable  them  to  be 
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detected  with  oertainty  in  niixturefl  by  sodi  a  m^od,  moreover  it  has  not  been  pcoved 
that  the  density  of  the  oil  obtained  from  any  ^ven  source  is  really  constant 

Gobley  (J.  Pharm  fS]  iv.  286 ;  t.  67)  limits  the  use  of  the  hydrometer  to  the  de- 
tection of  poppy  oil  in  oliye  and  almond  oils.  For  this  purpose  he  used  a  hydrometer 
{eli9ometer)  with  yery  Isjrge  bulb  and  thin  stem.  At  the  temperature  of  12*6^  C.  the  in- 
fitniment  sinks  to  zero  in  pore  poppy  oil,  which  is  the  densest  of  the  threes  and  to  50^ 
in  pure  olive  oil,  which  is  the  lightest.  The  space  between  0^  and  60^  is  divided  into 
60  equal  parts. 

Foutet  of  Marseilles  beats  up  the  oil  to  be  tested  with  one-twelfth  of  its  weight 
of  a  solution  of  mercury  in  strong  nitric  acid.  The  nitrous  add  or  nitric  peroxide 
evolved  from  this  solution,  converts  the  liquid  olein  into  solid  elaidin(iL  368),  causing  the 
olive  oil,  if  pure,  to  solidify  completely  after  one  or  two  hours'  contact^  whereas  in 
presence  of  poppy  oil  or  other  drying  oils,  which  are  not  solidified  under  the  same  cir- 
cumstances, the  solidification  is  retaided,  and  for  a  longer  time  in  proportion  to  the 
quantity  of  drying  oil  present.  In  making  these  experiments,  it  is  best  to  use  stronff 
nitric  acid  containing  nitric  peroxide ;  to  agitate  2  or  3  cubic  centimetres  of  this  acid 
with  the  olive  oil  under  examination;  and  to  perform  the  same  experiment  on  perfectly 
pure  olive  oil  in  a  bottle  of  the  same  size.  The  two  vessels  are  then  left  in  a  cellar,  or 
a  room  the  temperature  of  which  does  not  exceed  10^,  and  the  moment  when  the  oil 
becomes  thick  enough  to  remain  in  the  vessel  on  inversion  is  carefully  observed.  If 
the  specimen  under  examination  is  pure,  it  will  solidify  at  the  same  time  as  the  other, 
but  if  it  contains  even  1  pt  in  a  hundred  of  pojppy  oil,  its  solidification  will  be  retarded 
40  minutes,  and  longer  still  for  a  larger  quantity. 

Man  men  6  (Compt  rend.  xxxv.  672)  tests  fat  oils  by  the  heat  evolved  on  mixing 
them  with  strong  sulphuric  add,  poppy  oil  and  drying  oils  in  general  being  heated 
thereby  much  more  strongly  than  ohve  oil ;  the  mixture  of  poppy  oil  with  sulphuric 
add  is  likewise  accompamed  by  a  considerable  evolution  of  suipnurons  anhydride. 

Heydenreich  and  Penot  propose  to  distinguish  the  several  &t  oils  by  the 
colours  which  they  exhibit  in  contact  with  strong  sulphuric  add.  When  a  drop  of  this 
acid  is  added  to  eight  or  ten  drops  of  an  oil  placed  on  a  plate  of  glass  resting  on  white 
paper,  the  following  colours  are  immediately  produced: — Olive  oil  produces  a  deep 
yellow  tint  gradual^  becoming  green ;  BeaarM-oil  a  bright  red ;  Cclza  oil  a  greenish- 
blue  aureola;  Poppy  oil  becomes  pale  yellow  with  a  dingy  grey  look;  Hemp  oil  pro- 
duces a  distinct  emerald-green  tint ;  Linseed  oil  becomes  brown-red,  changing  to 
black-brown. 

Thfl  colours  and  other  reactions  exhibited  in  treating  fat  oils  with  various  adds  and 
alkaline  reagents  have  also  been  examined  by  Frofesror  F.  G.  Calvert,  a  summary 
of  whose  results  is  given  in  the  table  on  paj^e  183.  The  columns  headed  *'  +  Caustic 
Soda,"  indicate  the  results  obtained  on  adding  that  alkali  to  an  oil  previously  treated 
with  the  resgent  at  the  head  of  the  preceding  column. 

By  these  reactions  it  is  possible,  according  to  Calvert,  to  ascertain  the  presence  of 
10  per  cent  of  a  given  oil  in  many  cases  of  adulteration ;  for  example,  poppy-oil  in 
rape ;  olive  in  Gallipoli  and  India  nut,  as  all  of  these  assume  a  pale  rose-colour :  but 
when  popp}r^il  is  mixed  with  c^ve  or  castor-oils  there  is  a  decrease  in  the  consistency 
of  the  semi-saponified  matter.  [For  details  see  Phaxm.  J.  Trans,  xiii.  366;  also, 
Ure*s  Dictionary  of  Art*,  &c.  iiL  800.] 


B. — ^VoLATiLB  Oils. 

Essential  oils.  Essences,  Ethereal  oils.  Distilled  o»2».— These  are  eompoonds, 
either  consisting  wholW  of  carbon  and  hydiopfen,  or  of  the  same  elements  with  addition 
of  smaller  quantities  of  oxygen,  sulphur,  or  mtrogen ;  of  thin  oily  consistency  at  ordi- 
nary temperatures,  and  wholly  volatile  at  higher  temperatures;  having  a  peculiar 
and  generally  pungent  odour ;  very  inflammable ;  sparingly  soluble  in  water,  but  dis- 
solving readUy  in  alcohol  and  ether. 

A  large  number  of  volatile  oils  occur  ready  formed  in  plants,  and  a  smaller  number 
in  the  animal  body :  others  are  produced  by  dxy  distillation  of  oiganic  bodies— 
these  are  called  empyreumatic  oils,  e.g,  oil  of  amber,  coal-oil,  shale-oil,  creasote, 
Dippel's  oil,  &c, ;  otken  by  fermentation  and  other  dianges  in  the  inodorous  parts  of 
plants  (Fbbmxmt  Oils,  ii.  634).  Petroleum,  rock-oil,  minenl  oil  or  mineral  naphtha,  must 
also  be  induded  amongst  the  oils  produced  by  the  decomposition  of  organic  bodies 
(see  Naphtha,  p.  2,  and  Pbtbolbuh).  Volatile  oils  are  also  produced  by  the  action  of 
sulphuric  or  phosphoric  acid  on  organic  bodies,  e,g,  oil  of  wine  by  ^^laHTHng  alcohol  in 
excess  of  sulphuric  add,  menthene  (iii.  880)  by  distilling  peppermint-eamnhor  with 
phosphoric  add.    In  this  artide  we  shall  consider  only  the  volatile  oils  existing  imij 
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formed  in  the  vegetable  or  animal  oiganiem,  which  are  especially  disdngaished  tm 
essential  oils. 

Only  a  few  Tolatile  oils  have  been  obtained  from  the  animal  body — ^the  oils  of  tinta^ 
castoreum  and  ambeigris  for  example — ^and  these  hare  been  but  little  stadied,  though 
similar  eomponnds  might  doubtless  be  obtained  from  many  other  odorous  animal  pro- 
ducts. But  the  great  source  of  volatile  oils  is  the  vegetable  kingdom,  where  they  occur 
in  very  large  quantity  and  in  almost  all  parts  of  the  plants  as  m  the  wood  and  bark 
of  the  stem  and  root ;  under  the  epidermis  of  the  leaves,  calyces,  petals,  fruit,  &c ; 
in  the  different  coatings  of  the  seed  and  in  the  cellular  tissue  of  the  seed-vessels ;  rarely 
in  the  albumen,  sometimes  even  in  the  embiyo  of  the  seed. 

These  vegetable  oils  or  essences  consist  either  wholly  of  hydrocarbons,  or  of  mixtures 
of  hydrocarbons  with  compounds  of  carbon,  hydrogen,  and  oxygen.  Those  which  exist 
rea<iy  formed  in  plants  do  not  appear  to  contain  any  other  element.  Sulphur  is  found 
only  in  certain  oils  resulting  from  a  kind  of  fermentation-process,  as  in  the  volatile  oils  of 
mustard  and  garlic ;  nitrogen,  when  it  occurs,  must  be  regarded  as  an  impurity  resulting 
from  admixed  vegetable  tissue.  Many  vegetable  essential  oils  when  exposed  to  cold 
are  separated  into  a  solid  compound,  called  aoamphor  or  ste«roptene,anda liquid, 
oil,  which  for  distinction  is  sometimes  caUed  anelseoptene. 

The  following  are  the  modes  of  extracting  essential  oils  from  plants : — 

1.  By  Pressure. — This  method  succeeds  only  with  certain  parts  of  plants  which  are 
veiy  rich  in  oil,  such  as  lemon  and  orange-peel. 

2.  By  DistiUation^  generally  with  addition  of  water. — Heating  without  water  is  apt 
to  produce  charring  and  admixture  of  empyreimiatic  oils.  The  substances  containing 
the  volatile  oil  are  either  mixed  with  water  in  a  large  still  or  retort,  and  distilled  after 
sufficient  maceji^tion ;  or  thpy  are  placed  in  the  dry  state  on  the  upper  perforated  base 
of  the  still,  and  subjected  to  the  action  of  vapour  of  water.  Although  the  boiling  point 
of  most  volatile  oils  is  above  that  of  water,  they  nevertheless  volatilise  at  100^,  in  con- 
sequence of  the  difiusion  of  the  oil-vapour  into  the  vapour  of  water  produced  at  that 
temperature.  In  the  distillation  of  the  less  volatile  oils,  however,  it  is  usual  to  add 
common  salt  to  the  water,  in  order  to  raise  the  temperature  a  few  degrees,  and  thereby 
increase  the  tendency  of  the  oil  to  pass  over  with  the  aqueous  vapour.  The  vapours 
condense  in  the  cooling  tube  or  receiver,  which  is  kept  cold  for  the  purpose  ;  and  the 
water  takes  up  as  much  of  the  oil  as  it  is  capable  of  dissolving.  If  the  quantity  of  oil 
present  is  more  than  sufficient  to  saturate  the  water,  the  excess  separates  out ;  in  the 
contrary  case,  the  du-tillate  is  cohohated ;  that  is  to  say,  the  water  containing  the  oil 
in  solution  is  distilled  with  a  fresh  quantity  of  the  substance  which  contains  the  oil, 
and  thereby  made  to  take  up  a  double  quantity  of  oil.  A  more  abundant  product  is 
likewise  obtained  hj  distilling  the  original  vegetable  substance,  not  with  pure  water, 
but  with  water  which  has  previously  been  used  for  the  same  distillation,  and  is  there- 
fore saturated  with  oiL — If  the  oil  which  passes  over  readily  solidifies,  the  cooling  tube 
must  not  be  kept  at  too  low  a  temperature. — The  oil  which  collects  either  at  the  top 
or  at  the  bottom  of  the  water  is  separated  by  mechanical  means. 

Many  plants  yield  a  larger  quantity  of  oil  after  drying ;  and  when  distilled  in  the 
fresh  state,  with  cold  water,  they  yield  a  comparatively  large  quantity  of  oil  together 
with  turbid  water ;  bat  if  covered  with  boiling  water  and  then  distiUed,  they  yield 
clear  water  and  less  oil.  The  cause  of  this  difference  is,  that  when  the  plant  is  dried, 
or  immersed  in  cold  water  containing  air,  the  oil  oxidises,  and  is  thereby  rendered  less 
soluble  in  water ;  hence  it  forms  a  poorer  and  turbid  solution,  and  for  the  most  part 
separates  out.    (Desmarest,  J.  Phann.  19,  163  ;  abstr.  Ann.  Phann.  9,  291.) 

Volatile  oils  obtained  by  dibt illation,  and  likewise  the  water  which  passes  over 
with  them,  have  at  first  an  unpleasant,  empyreumatic  odour,  which,  however  is  not 
permanent 

3.  Many  strongly  smelling  parts  of  plants  yield  no  volatile  oil,  even  by  repeated 
cohobation  with  water,  probably  because  the  quantity  contained  in  them  is  too  small, 
or  because  the  oil  is  too  soluble  in  water,  or  too  much  inclined  to  decompose  by  the 
action  of  air  and  heat;  e.ff.  the  fiowers  of  many  kinds  of  Narcissus  una  Hyacinth ; 
of  Polyani/us  JonquiUa,  Viola  odorata,  Jasminum  off.^  Philadelphus  coronariuSf  TUia 
europiBOj  Reseda  odorata^  Heliotroj^um  europaum.  Such  flowers,  placed  in  layers 
between  cotton  soaked  in  olive  oil,  impart  their  perfume  to  the  oiL 

From  some  of  them  it  has  been  found  possible  to  extract  the  odoriferous  principle  in 
the  separate  state.  Eobiquet  (J.  Pharm.xxi.  334)  exhausted  the  fresh  corollas  of 
Pdyantkts  JonqmUa  with  ether  in  compression-filters ;  separated  the  upper  yellow 
ethereal  stratum  of  liquid  from  the  lower  wateiy  layer ;  distilled  the  ether  from  the 
upper  liquid  at  a  gentle  heat ;  and  obtained  a  residue  consisting  of  crystalline  nodules, 
together  with  a  mother-liquid,  which,  when  evaporated  in  the  air^ve  off  a  strong  and 
agreeable  odour  of  jonquils.  The  crystalline  nodules,  when  purified,  formed  an  inodo- 
rous camphor ;  and  appeared  to  be  the  odoriferous  oil  converted  into  this  camphor  by 
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exposoze  to  the  air.   LA.Bnchner  (N.  Br.  Arch.  Tiii.  70)  obtained  similar  results  by 
applying  Bobiquef  B  proceis  to  the  floven  of  PkUadelphus,  TUia,  and  Reseda. 

4.  The  less  Yolatile  oils,  and  more  especially  the  camphors,  are  likewise  frequently 
extracted  by  alcohol  or  ether,  from  whidi  they  are  afterwards  separated  by  CTaporation 
and  cooling. 

Many  gam-remns,  snch  as  myrrh,  do  not  yield  the  oil  which  they  contain,  or  at  least 
jrield  it  toij  imperfectly,b^  distillation  with  water,  because  it  is  enreloped  in  gnmmy 
mattera.  To  extract  the  oil  from  these  gum-resins,  they  are  pulTerisea  and  .then  ex- 
haoBted  three  times  with  an  equal  quantity  of  cold  alcohol,  agitating  frequently,  and 
leaving  the  whole  to  stand  for  some  time ;  the  filtered  tincture  is  then  poured  nto  a 
tabulated  retort;  both  apertures  of  which  are  left  open,  and  left  for  some  months  at  a 
temperature  of  12^ — 21^,  till  the  greater  part  of  the  alcohol  is  evaporated  (if  heat  were 
appued,  the  oil  would  likewise  pass  over).  The  turpentine-like  residue  is  then  coyered 
with  water,  and  distilled  after  twelve  hours,  whereupon  the  oil  passes  over  in  abundance. 
(Bonastre,  J.  Pharm.  xvii.  108.) 

The  product  obtained  by  either  of  these  three  modes  of  preparation  rarely  consists 
of  a  simple  volatile  oil,  but  generally  of  a  mixture  of  two  or  'more  oils.     The  lighter 
and  more  volatile  of  these  is  usually  a  pure  hydrocarbon ;  the  other  is  either  an 
oil  containing  oxygen,  or  a  camphor.    These  bodies  are  sometimes  distinguished  by 
their  melting  points :  thus,  a  volatile  oil,  properly  so-called,  often  holds  a»  camphor  in 
solution,  and  the  latter  ccystallises  out  on  cooling,  especially  if.  part  .of  the  volatile  oil 
(which  is  more  easily  vaporised)  has  been  previously  driven  off.  Sometimes  again  they 
are  distinguished  by  their  different  volatility ;  when  such  a  mixture  is  distilled,  the 
boiling  point  is  at  nrst  low,  but  rises  as  the  quantity  of  .the  more  volatile  oil  in  the 
residue  diminishes,  till  at  length,  when  the  whole  of  the  latter  has  passed  over 
(together  with  a  considerable  quantity  of  the  more  fixed  oil),  the  boiling  point  no 
longer  rises,  but  remains  constant.    In  such  cases,  the  more  volatile  oil  generally  con- 
sists wholly  of  carbon  and  hydrogen,  while  the  more  fixed  oil  likewise  contains  oxygen 
The  former  may  be  distilled  without  decomposition  over  fused,  hydrate  of  potassium;. 
but  the  more  fixed  oil  when  thus  treated,  takes  up  an  additional  quantity  of  oxygen 
from  the  water  of  the  hydrate  of  potassium  (liberating  the  hydrogen),  and  is  converted 
into  an  acid  which  remains  combined  with  the  potash.     Hence  to  separate  the  non- 
o^genated  oil  from  such  a  mixture,  it  is  partly  distilled  so  as  to  leave  behind  the 
sreater  part  'of  the  more  fixed  oil,  and  the  portion  which  first,  passes  over  is  made  to 
drop  slowly  through  the  tubulure  of  another  retort  upon  hydrate  of  .potassium  kept  in 
a  state  effusion;  the  non-oxygenated  oil  then  passes  oyer  pure.  .(Gerhardt  and 
Ca hours,  Ann.  Ch.  Phys.  [3J  61.) 

If  a  volatile  oil  has  been  paitly  converted  into  a  resin  by  continued  exposure  to  the 
air,  it  may  be  freed  from  the  resin  by  distillation  with  water^  Any  moisture  which 
adheres  to  the  oil  may  be  removed  by  continued  agitation  with  chloride  of  .calcium,  and 
subsequent  distillation. 

Properties. — ^Yolatile  oils  differ  considerably  in  colour.  Mapy  are  perfectly  colour- 
less when  pure,  others  are  yellow,  red  or  brown,  and  a  few  are  green  or  blue.  All  of 
them  have  powerful  odours,  some  agreeable,  others  repulsive,  and  a  sharp  burning 
azomatic  taste ;  some  of  them  produce  a  feeling  of  coolness  on  the  tongue.  They  are 
not  greasy  to  the  touch  like  fat  oils,  but  rather  make  the  skin  brittle  and  rough.  Their 
specific  gravity  varies  from  0*847  to  1*096;  but  the  greater  number  are  lighter  than 
water.  Their  solidifying  points  are  veiy  unequal,  some  solidifying  at  0^,  others 
requiring  a  much  lower  temperature,  while  others  again  remain  solid  a  few  degrees 
above  0°.  Host  of  them,  when  exposed  to  a  low  temperature,  deposit  a  solid  camphor 
or  stearoptene  (p.  184).  Most  volatile  oils  properly  so  called,  boil  between  150^  and 
200^ ;  oil  of  copaiba  at  260^  ;  and  several  camphors  between  300^  and  400^. 

Volatile  oils  possess  great  refractive  and  dispersive  power,  and  exhibit  great 
diversity  in  their  action  on  polarised  light,  some  being  dextro-,  others  Isevo-rotatory  in 
Tezy  various  degrees,  while  a  few  are  inactive.  The  following  table  exhibits  the 
rotatory  power  of  a  considerable  number  of  volaUle  oils,  together  with  their  refractive 
indices  for  the  lines  A,  D,  and  H,  as  determined  by  Qladstone  (Qhem.  Soc.  J.  xvii. 
3),  also  their  specific  gravities.  The  rotatory  power  was  determined  for  a  column 
of  liquid  10  inches  long ;  the  same  length  of  a  solution  of  equal  parts  of  cane-sugar 
and  water  produces  a  deviation  of  +   105°. 

The  blue  or  green  colour  exhibited  by  certain  volatile  o;ls,  chiefly  from  plants 
of  the  Composite  order,  wormwood  and  chamomile  for  example,  is  due  to  .an  oily  com- 
pound of  a  very  deep  blue  colour,  called  ccerulein,  which  may  be  separated  by  dis- 
tillation, going  over  with  the  last  portions  of  the  oil,  but  has  not  b^n  obtained  pure. 
The  solution  of  this  blue  substance  in  oils  or  alcohol  exhibits,  w^en  examined  by 
a  hollow  wedge  and  prism  (Light,  iii.  638),  a  very  characteristic  spectrum,  in  which 
the  orange  and  yellow  rays  are  first  absorbed,  and  at  a  certain  depth  nothing  ia 
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I^9ecifio  Graviti€9  and  Optical  Propertiet  ofEuetMal  OOt. 


Crude  OIli. 

Spec. 

ReflracttTe  Indieet. 

Ttntail nj 

16-6<»C. 

Tenp. 

A. 

D. 

H. 

AmUBO       •      •           ■                        • 

•9862     16-5° 

1-5483     1-6566 

1-6118 

-       10 

Atlxerospenna  moechatiuii    . 

1-0426     14° 

1-5172 

1-5274 

1-5628 

+       70 

Bay 

•8808 

18-50 

1-4944 

1-5022 

1-6420 

-  60 

BoEgamot 

•8825 

220 

1-4659 

1-4625 

1-4779  a. 

+  230 

,,        Florence 

•8804 

26-50 

1-4547 

1-4614 

1-4760  a. 

+  40O 

Birch-bark  . 

-9005 

80 

1-4851 

1-4921 

1-6172 

+  330 

CfMepnt 
CalamiiB 

-9203 
•9888 

25-60 
lO** 

1-4561 
1-4965 

1-4611 
1-5031 

1^4778 
1-6204  G. 

00 
+  48-50 

tt      Hambuxg 

# 

•9410 

11* 

1-4843 

1-4911 

1-5144 

+  420? 

Caraway     . 

-8845 

19<» 

1-4601 

1-4671 

1-4886 

+  630 

,j        Hamburg  Istdiflt 

•9121 

10<> 

1-4829 

1-4903 

1*5142 

„               „         2iid      . 

-8832 

10-60 

•     . 

1-4784 

Caecazilla    .... 

•8956 

10® 

1-4844 

1-4918 

1-5168 

+  260 

Cassia 

1-0297 

19-5<> 

1-5602 

1-5748 

1-6243  Gt. 

00 

Cedar .... 

-9622 

23<> 

1-4978 

1-5036 

1*6238 

+   30 

Cedrat 

•8584 

180 

1-4671 

1-4731 

1-4962 

+  1660 

Citronella    . 

-8908 

210 

1-4599 

1-4659 

1-4866 

-  40 

„         Penang       . 

-8847 

16'6^ 

1-4604 

1-4665 

1-4875 

-  10 

ClOTCS 

10475 

170 

1-5213 

1-5312 

1*5666 

-  40 

Coriander    . 

•8775 

100 

1-4692 

1-4652 

1-4805  G. 

+  210? 

Cnbebs 

-9414 

lO® 

1-4953 

1-6011 

1-6160  G. 

DiU     .        .        .        , 

•8922 

11-50 

1-4764 

1-4834 

1-6072 

+  206* 

Elder. 

-8584 

8-6« 

1-4686 

1^4749 

1*4966 

+ 14*50 

Encalyptofl  amygdalina 

-8812 

13-6« 

1-4717 

1-4788 

1*5021 

-1360 

M         oleosa 

-9322 

18-5<' 

1-4661 

1-4718 

1-4909 

+  40 

Indian  geraninm  . 

•9043 

21'6o 

1-4653 

1-4714 

1-4868  G. 

-  40 

Lavender     . 

•8903 

200 

1-4586 

1*4648 

1-4862 

-200 

Lemon 

-8498 

16-50 

1-4667 

1-4727 

1-4946 

+  1640 

Lemon  grass 

-8932 

240 

■           • 

1-4705 

.      . 

-   30? 

„           Penang 

•8766 

13-50 

1-4756 

1-4837 

1-5042 

00 

Melaleuca  erieifolia 

•9030 

90 

1-4655 

1-4712 

1-4901 

+  260 

,1         linarifolia 

•9016 

90 

1-4710 

1-4772 

1-4971 

+  11® 

Mint  . 

9342 

190 

1-4767 

1*4840 

1-6016  G. 

-II60 

»♦      •        •        • 

•9105 

14-60 

1-4766 

1-4822 

1-6037 

-ISO 

Myrtle                 . 

-8911 

140 

1-4623 

1-4680 

1-4879 

+  210 

Myrrh 

10189 

7-50 

1-5196 

1-5278 

1-5472  G. 

-1360 

Neroli 

-8789 

I80 

1-4614 

1-4676 

1*4836  G. 

+  150 

»f             •        • 

•8743 

100 

1-4673 

1-4741 

1-4831  F. 

+  280 

Nutmeg 

•8826 

240 

1-4644 

1-4709 

1-4934 

+  440 

„       Penang . 

•9069 

I60 

1-4749 

1-4818 

1-5063 

+   90 

Orange-peel 

•8509 

200 

1-4633 

1-4699 

1*4916 

+  320? 

„          Florence 

•8864 

200 

1-4707 

1-4774 

1*4980 

+  2160 

Parsley 

•9926 

8-50 

1-5068 

1-6162 

1*5417  G. 

-  90 

Patchouli    . 

•9564 

210 

1-4990 

1-6050 

1*5194  G. 

„        Penang 

•9692 

210 

1-4980 

1-5040 

1^6183  G. 

-1200 

„        French 

1-0119 

140 

1-5074 

1*5132 

1-5202  F. 

Peppermint 

-9028 

14-50 

1-4612 

1-4670 

1^4864 

-720 

„         Florence   . 

•9116 

14° 

1-4628 

1*4682 

1^4867 

-440 

Petit  grain . 

•8765 

210 

1-4536 

1-4600 

1-4808 

+  260 

Bose  .... 

•8912 

250 

1-4567 

1-4627 

1-4835 

-  70 

Bosemaiy    . 

•9080 

16-50 

1-4632 

1-4688 

1-4867 

+  170 

Bosewood    . 

•9064 

170 

1-4843 

1-4903 

1-5113 

-I60 

Santalwood . 

•9750 

240 

1-4969 

1-6021 

1*5227 

-500 

Thyme 

•8843 

190 

1-4695 

1*4764 

1-4909  G. 

Turpentine . 

•8727 

130 

1^4672 

1-4732 

1-4938 

-790 

Verbena 

•8812 

200 

1-4791 

1-4870 

1-5059  G. 

-  60 

Wintergreen 

11423 

150 

1-5163 

1-6278 

1-6737 

+   30 

Wormwood . 

•9122 

I80 

1-4631 

1-4688 

1-4756  F. 
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8ii£ferod  to  pass  ezee]^  the  greenish-bine  rays  and  the  extreme  red  band.    A  diagram 
of  tluB  speebram  is  giren  in  Gladstone's  paper  just  referred  to,  p.  14. 

Most  ci  the  essential  oils  existing  readj  formed  in  plants  contain)  hydrocarbons  of 
the  formula  nCH*'.  Some,  as  the  oils  of  turpentine,  lemon,  cubebs  and  copaiba, 
eonsiat  whoUy  of  these  hydrocarbons ;  others  contain  also  oxidised  compounds ;  oil  of 
wintergreen,  for  examine,  is  a  mixture  of  a  hydrocarbon,  C'*H^',  with  me^yl-salicjlic 
ether.  These  hydrocarbons  are  separated  by  fractional  distillation  as  above  mentioned, 
passing  over  at  the  beginning  of  tne  process,  and  are  further,  purified  by  rectification 
over  sMium.  The  following  table  (p.  188)  exhibits  the  densities  and  optical  properties 
of  a  considerable  number  of  these  polymeric  hydrocarbons.  The  oils  are  arranged  ac- 
cordinff  to  their  specific  gravities  at  20^  G.  The  column  headed  "  Dispersion  at  20^  C." 
giyea  die  difference  between  the  refractiye  indices  of  the  lines  H  and  A.  The  "  sen- 
8itiTeness"is  the  amount  of  diminution  of  the  refractive  index  when  the  tempera- 
ture rises  10^ ;  it  is  calculated  for  the  line  A,  and  the  number  48  is  an  abbreviation  of 
0*0048.  The  "specific  refractive  enei]^"  is  the  refractive  index,  minus  unity, 
divided  by  the  density  (Liobt,  iiL  62^).    In  the  following  table  it  is  taken  for  A,  that 

is  the  column  re^esents  ^-^r — . 

These  hydrocarbons  may  be  divided  into  two  great  groups,  the  line  of  separation 
bein|;  between  those  from  rosemary  and  doves.  The  first  group,  with  a  lower  specific 
Spravity,  has  always  a  fkr  lower  boiling  pointy  a  smaller  index  of  refraction,  and  a 
Sic^ier  sensitiveness ;  it  has  also  on  the  whole  a  smaller  dispersion.  The  specific  re- 
fractive energy,  however,  of  the  two.groups  is  about  the  same.  The  hydroourbons  of 
Uie  first  .group  are  also  generally  more  limpid,  and  dissolve  more  freely  in  aqueous 
aleohoL 

Tliese  huge  groups  are  frirther  capable  of  subdivision.  The  first  ten  hydrocarbons 
in  the  table  resemble  one  another  Tery  closely.  Indeed,  it  is  probable  that  the  three 
which  are  derived  from  the  peel  of  the  orange,  citron,  and  lemon  respectively,  should 
be  considered  as  identical  rather  than  isomeric ;  and  it  is  not  unlikely  t^t  some  of  the 
othflcs  are  the  same  body  from  different  plants.  €(aultherilene,  carvene,  and  the  hy- 
drocarbon from  nutmeg,  form  a  small  group,  if  indeed  they  are  not.  identicaL  The 
hydrocarbons  from  wormwood,  anise,  thyme,  mint^  and  laurel-turpentine,  group  with 
ordinary  turpentine ;  bay,  myrtle,  and  rosemary  stand  alone,  each  having  a  low  refrac- 
tKm  and  dispersion,  but  they  differ  much  in  specific  gravity.  Peppermint  is  somewhat 
intermediate  in  its  properties.  Terebene  and  the  hydrocarbons  from  parsley  and 
Suealyptus  amygdalina  give  high  refractive  indices.  It  is  possible  that  some  of  these 
last  contain  a  small  quantity  of  some  hydrocarbon  of  another  type  but  nearly  the  same 
composition. 

Again,  the  second  large  group  with  the  higher  specific  gravities  is  capable  of  subdi- 
vision. The  hydrocarbons  from  cloves  and  rosewood  appear  nearly,  if  not  quite^ 
identical  in  properties,  and  are  certainly  different  from  patchouli,  calamus,  and  cas- 
carilla. 

Colophene  difto  from  the  second  large  group  in  much  the  same  way  as  that  differs 
from  the  firsts  though  to  a  smaller  extent 

All  the  members  of  the  first  great  group,  with  the  boiling  points  included  between 
160°  and  176°,  have  the  formua  C*^*',  which  is  usually  assigned  to  oil  of  turpen- 
tine on  the  groimd  of  its  vapour-density  and  compounds  with  the  hydracids. 

AU  the  members  of  the  second  great  group,  with  boiling  points  included  between 
249°  and  260°  C,  have  the  fi)rmnla  CS^,  which  is  assigned  to  oil  of  cubebs  from  its 
oomponnd  with  hydrochloric  acid. 

Colophene  with  a  boiling  point  of  816°  C,  has  long  had  the  formula  C^H**  assigned 
to  it. 

The  specific  refractive  energy  is  a  property  of  bodies  intimitely  connected  with  their 
ultimate  composition,  and  it  might  be  expected  that,  notwithstanding  diversities  of 
boiling  point  and  density,  this  property  would  be  the  same  for  the  di&rent  isomeric 
hydroourbons.  Yet  though  the  differences  are  not  great  they  seem  to  be  real,  for  the 
lemon  group  is  unifi>rmly  about  0*549  and  the  turpentine  group  about  0*636. 

The  phenomena  of  circular  polarisation  are  not  of  much  use  in  the  dassification  of 
hTdrocarbons,  or  as  a  means  of  distinction  between  the  crude  oils ;  for  it  is  foimd  that 
diflEerent  samples  of  the  same  hydrocarbon,  or  of  the  same  oil,  which  dosely  resemble 
one  another  in  other  respects,  frequently  differ  widdy  in  respect  of  this  property.  It 
may  be  observed,  however,  that  the  hydrocarbons  of  the  great  lemon-group  exhibit 
the  highest  rotatory  power,  and  always  to  the  right,  excepting  that  from  cascarilla^ 
which  bdongs  to  the  same  group,  but  is  neverthdess  quite  inactive. 

DeoompoHHons  of  VciatiU  Oils. — 1.  Those  oils  which  have  a  high  boiling-point  are. 
parthr  decomposed  by  simple  distUloHon,  leaving  a  residue  of  charcoal ;  but  when  dis- 
tSled  with  water,  or  gently  heated  in  the  air,  they  may  be  volatilised  without  decom- 
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Specific  Gravities,  Boiling  Points,  and  Optical  Properties  of  Hydrocarbons  from 

Essential  Oils  (Gladstone). 


Source  of  Hydrocarbon. 

SpeclBc 

gravity 

ztVPC. 

Boiling 
point. 

RftfractiTe 

index 
A.  at  200  c. 

Disper- 
ilon  at 
20°  C. 

Sen* 

•itive 

nets. 

Specific 

rerractive 

energy. 

Rota* 
tton. 

Orange-peel    .... 

•8460 

174°C. 

14646 

-0277 

48 

•6490 

+164° 

,,        Florence 

•8468 

1740 

14660 

•0281 

49 

•6491 

+260° 

Cedrat 

•8466 

1730 

14650 

•0280 

49 

-6492 

+  180° 

Lemon 

•8468 

1730 

14660 

•0280 

49 

•6602 

+  172° 

Beigamot        .... 

•8466 

175° 

14619 

•0296 

49 

-6466 

+  76° 

„        Florence 

•8464 

1760 

1^4602 

•0287 

48 

•6437 

+  82° 

Keroli 

•8466 

1730 

1-4614 

•0291 

47 

•6450 

+  76° 

Petit  grain     .... 

•8470 

1740 

1-4617 

•0282 

46 

•6439 

+  60° 

Caraway,  Hambnig,  1st  dist.  . 

•8466 

176° 

14645 

•0286 

48 

'5486 

+  180° 

DiU 

•8467 

173<» 

1-4646 

•0288 

46 

-5486 

+242° 

Cascarilla       .... 

.8467 

172° 

14652 

•0306 

49 

•6494 

0^ 

Elder 

•8468 

1720 

14631 

•0269 

47 

•6468 

+  16° 

Bay 

•8608 

171*» 

1-4642 

•0260 

47 

•6338 

-22° 

Ganltherilene 

■8610 

168*' 

1-4614 

•0271 

49 

•6422 

Nutmeg 

•8618 

167° 

1-4630 

•0284 

47 

•6436 

+  49° 

„      Penang      . 

•8627 

I660 

1-4634 

•0274 

49 

•6434 

+    4° 

Carveno 

•8630 

I660 

r46l0 

-0261 

48 

•5440 

-20° 

,,      Hamboig,  2nd  dist 

•8646 

•         • 

1-4641 

•0263 

48 

•6431 

+  86° 

Wormwood     .... 

•8666 

160<» 

1-4690 

•0263 

47 

-5369 

+  46° 

Terebene        .... 

•8683 

160° 

1-4670 

•0276 

48 

•6440 

0° 

Anise 

•8680 

160° 

1^4607 

•0268 

47 

•6368 

Mint 

•8600 

I6OO 

1-4622 

-0265 

48 

•5374 

+  30° 

Peppermint    .... 

•8602 

176° 

1-4577 

-0267 

47 

•5321 

-60° 

Laurel  turpentine    . 

•8618 

160° 

1-4637 

•0260 

47 

•6380 

+  94° 

Thyme 

'8636 

160° 

1-4617 

-0282 

48 

•5346 

-76^ 

Turpentine  L  . 

•8644 

160° 

1^4612 

-0260 

47 

•6335 

+  48° 

IL         .        .        . 

•8666 

160° 

1-4590 

•0266 

47 

•5366 

-87° 

in.     .      .      . 

•8614 

160° 

14621 

•0249 

•  • 

•6364 

-90° 

IV.       .        .        . 

•8600 

160° 

1-4613 

-0254 

47 

•6364 

-  88° 

Eucalyptus  amygdalina  . 

■8642 

171° 

14696 

•0323 

49 

•6434 

-142° 

Myrtle 

•8690 

163° 

14666 

-0248 

47 

•6253 

+  64° 

Parsley 

•8732 

160° 

1-4666 

-0291 

46 

•6366 

-44° 

Rosemaiy       .... 

•8806 

163° 

14583 

-0241 

46 

-6206 

+    8° 

Cloves 

•9041 

249° 

1-4898 

-0284 

46 

•6417 

Rosewood       .... 

•9042 

249° 

1-4878 

-0277 

45 

•5396 

-11° 

Cubebs 

•9062 

260° 

1-4960 

•0302 

41 

•6462 

+  69° 

Calamus          .... 

•9180 

260° 

1-4930 

•0322 

42 

•6370 

+  65° 

„       Hamburg  . 

•9276 

260° 

1-4976 

•0337 

43 

•6365 

+  22° 

Cascarilla       .... 

•9212 

264° 

1-4926 

•0307 

42 

•6347 

+  72° 

Patchouli        .... 

•9211 

254° 

14966 

■0274 

42 

•6391 

„         Penang    . 

■9278 

267° 

1-4963 

-0276 

44 

•6349 

-90° 

„         French    . 

•9265 

260° 

1-6009 

-0262 

42 

•5412 

Colophene       .... 

•9391 

316° 

1-6084 

-0309 

41 

•6413 

0° 

position.  But  even  the  more  volatile  oils,  when  mixed  with  earthy  substances,  such  as 
day,  chalk,  sand,  &c.,  which  mechanically  prevent  their  volatilisation,  are  partially 
decomposed  by  distillation,  combustible  gases  being  evolved,  and  charcoal  left  behind ; 
if  they  contain  oxygen,  they  may  likewise  yield  carbonic  oxide,  acetic  acid,  &c.  When 
the  vapour  of  a  yoktile  oil  is  passed  through  a  red-hot  tube,  it  is  resolved  into  com- 
bustible gases  and  charcoal,  which  is  sometimes  finely  divided,  sometimes  shining, 
dense,  and  difficult  to  bum ;  the  portion  of  the  oil  which  has  passed  oyer  undecom- 
posed  is  often  found  to  be  altered  in  its  properties,  as,  for  example,  in  its  boiling 

Soint. — 2.  Volatile  oils  are  very  inflammable,  and  bum  with  a  dear  flame  which 
cposits  a  large  quantity  of  soot.  If  the  vapour  of  a  yolatile  oil  be  made  to  issue 
from  a  fine  jet,  under  a  pressure  of  1-6  centimetres  of  mercury,  it  does  not  take  flre 
till  it  has  reached  a  distance  of  some  centimetres  from  the  jet ;  that  is  to  say,  till  it 
has  bacome  mixed  with  four  or  Ave  times  its  yolume  of  air ;  it  then  bums  with  a  bright 
flame,  which  no  longer  smokes,  and  may  be  used  for  illumination. — 3.  Essential  oils, 
when  placed  in  yessels  not  perfectly  closed,  and  at  the  medium  temperature  of  the  air^ 
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absorb  oQirgeii  gas ;  acquire  the  power  of  reddening  litmus  strongly,  from  ormation  of 
benzoic,  euuiamic,  acetic,  and  other  organic  acids;  and  are  then  partially  converted 
into  resins,  becoming  yiscid  and  less  odoriferous,  and  passing  from  the  colourless  state 
to  yellow  or  red-brown,  or  from  blue  to  brown.  Oils  thus  altered  are  resolved  by  dis- 
filiation  into  pure  oil  and  a  residue  of  resin.  The  absorption  of  oxygen  takes  place 
with  different  degrees  of  rapidity  in  different  oils.  For  the  first  few  days  it  goes  on 
slowly,  then  increases  in  n^idity  up  to  a  certain  limit,  beyond  which  it  again  dimin- 
ishes, and  after  several  months  becomes  imperceptible.  During  this  change,  and 
espedally  towards  the  end,  the  oil  exhales  a  small  quantity  of  carbonic  anhydride,  and 
a  still  smaller  quantity  of  hydrogen.  At  the  same  time,  a  small  quantity  of  very  add 
water  is  jproduced,  which  is  loosely  attached  to  the  resinised  oil,  but  may  be  separated 
from  it  either  by  the  application  of  heat  or  by  exposure  to  the  sun. — 4.  A  similar  de- 
composition to  that  which  takes  place  in  the  air,  is  likewise  produced  by  placing  the 
oil  in  contact  with  nitrous  gas^  wtiich  it  rapidly  absorbs ;  also  by  boiling  the  oil  with 
oxide  of  capper  or  peroxide  ofUad^  water  being  then  formed;  or  by  digesting  it  with 
mercuric  nitrate  or  chloride,  these  bodies  being  thereby  converted  into  mercurous  ni- 
trate and  calomel  respectively.  Volatile  oils  are  likewise  resinised  by  stannic  chloride 
BudpentacAhride  of  antimont/f  the  latter  often  yielding  reduced  metal.  Oils  which 
easily  resinise  in  the  air  are  likewise  immediately  thickened  by  agitation  with  a  warm 
concentrated  solution  of  neutral  ferric  sul^^hate. — 6.  Volatile  oils  absorb  chlorine  gas, 
with  evolution  of  heat,  and  are  converted  into  viscid  substances  (Th^nard).  Hydro- 
chloric acid  is  frequently  formed  in  this  reaction,  a  substitution  of  chlorine  for  hydrogen 
likewise  taking  plaice,  iromine  exhibits  similar  reactions  (Laurent). — 6.  Many  volatile 
oils  proper  give  up  their  hydrogen  to  iodine  so  rapidly,  and  with  so  great  a  develop- 
ment of  heat,  that  an  explosion  takes  place  accompanied  with  evolution  of  violet  and 
yellow  vapours.  This  is  the  case  with  the  oils  of  turpentine,  juniper,  savine,  lemon, 
rosemary,  and  lavender.  The  residue  is  a  thickened  oU  or  a  brown  acid  resin.  These 
oils  lose  by  age  the  property  of  deflagrating  with  iodine. — Other  oils  dissolve  iodine 
quickly,  with  or  without  evolution  of  heat,  forming  therewith  a  brown,  thickish  oil,  or 
a  soft  or  hard  resin,  with  separation  of  a  brown  liquid  containing  hydriodic  acid.  Such 
is  the  case  with  the  oils  of  cinnamon,  sassafras,  cloves,  rue,  tansy,  caraway,  fennel,  and 
peppermint — 7.  Fuming  nitric  acid  decomposes  essential  oils  mosUy  with  great  ra- 
pidity, the  action  being  attended  with  evolution  of  gas,  and  with  development  of  heat 
often  amounting  to  the  most  vivid  inflammation ;  those  essential  oils  which  are  not  set 
on  fire  by  Aiming  nitric  acid,  generally  burst  into  flame  when  treated  with  nitric  acid  to 
which  luJf  its  bulk  of  sulphuric  acid  has  been  added.  After  the  combustion,  a  residue 
of  charcoal  is  left;.  I^  however,  the  oil  does  not  take  Are,  there  remains  a  soft,  bitter 
resin,  which  retains  nitric  peroxide,  even  after  long  washing  with  water,  and  a  yellow 
or  brown  acid  liquid  from  which  water  still  separates  a  resinous  substance.  Camphors 
are  not  so  rapidly  decomposed;  several  of  them  and  of  other  volatile  oils  are  converted 
by  heating  with  dilute  nitric  acid,  partly  into  peculiar  acids  (benzoic  and  anisic  acids), 
partly  into  oxalic  acid.  Many  oils  turn  yellow  when  mixed  with  one-fourth  to  one- 
half  their  weight  of  concentrated  nitric  acid ;  others  first  turn  pale  red,  then  bright 
red,  and  after  twenty-four  hours,  brown ;  others,  again,  acquire  a  beautiftd  violet  colour 
(Bonastre). — 8.  Strong  sulphuric  acid  mixes  with  most  essential  oils,  causins  riseof 
temperature  and  evolution  of  sulphurous  anhydride,  together  with  a  volatile  oil  which 
BmeUs  of  strawberries ;  the  product  is  a  thick  brown  liquid,  from  which  water,  in  many 
cases,  separates  an  isomeric  compound  (e,g,  anisoin  from  anise-oil) ;  in  other  cases,  a 
brown  acid  substance,  which  behaves,  sometimes  like  artificial  tannin,  sometimes  like 
an  acid  resin,  dissolves  in  alcohol  and  alkalis,  and,  to  a  certain  extent,  also  in 
water:  heating  the  sulphuric  acidTsolution  causes  the  mass  to  carbonise.  Camphors, 
which  usually  dissolve  without  decomposition  in  cold  sulphuric  acid,  likewise  become 
charred  when  heated  with  it. 

Combinations, — a.  Essential  oils  and  many  camphors  are  slightly  soluble  in  water, 
to  the  extent  of  about  1  pt.  in  1,000  ;  those  which  contain  oxygen  dissolve  more  freely 
than  those  which  do  not..  The  solution  is  sometimes  obtained  by  agitating  the  volatile 
oil  with  water,  but  more  frequently  by  distilling  the  water  with  substances  which  con- 
tain the  volatile  oil.  The  products  are  called  BistiUed  Waters  {Aqua  distiUaUs).  They 
are  transparent  and  colourless,  unless  the  oil  is  in  excess,  in  wliica  case  it  remains  fur 
a  long  time  suspended  in  the  liquid  and  renders  it  turbid ;  they  possess  the  taste  and 
smell  of  the  volatile  oils  which  they  contain.  Agitation  witn  a  fixed  oil  (I)  a  vies, 
J.  Pharm.  ix.  16),  or  with  ether,  withdraws  the  volatile  oil  from  the  water,  and  on 
evaporating  the  ethereal  solution,  the  greater  part  of  the  oil  is  left  behind  (Soubeiran, 
J.  Pharm.  xvii.  620 ;  xix.  50).  Agitating  the  water  with  common  salt  separates  a  con- 
siderable portion  of  the  oil ;  such  is  the  case  with  Aqua  F<8niculi,  Mentha  piperita, 
and  Cmnamomt,  and  with  water  containing  primrose-camphor.  (Hiinefeld,  J.  pr. 
Chem.  ix.  24.) 
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To  determine  the  qnantity  of  rolatile  oil  contained  in  a  distilled  water,  half  an  onnoe 
of  the  Uquid  ie  to  be  mixed  with  a  smalli  quantity  of  gelatinous  stazYsh,  and  a  solution 
of  1  grain  of  iodine  in  500  grains  of  alcohol  and  1,500  grains  of  water  added,  with, 
agitation,  till  the  oil  ceases  to  give  up  hydrogen  to  the  iodine,  and  consequently  the 
iodine  begins  to  impart  a  blue  colour  to  me  starch.  It  must*  howerer,  be  obaerred, 
that  different  oils  destroy  the  blueing  properties  of  different  quantities  of  iodine^  and 
that  therefore  this  mode  of  testing  can  be  applied  only  for  comparing  different  samples 
of  the  same  kind  of  distilled  water  one  with  the  other. 

/3.  Volatile  oils  dissolve  readily  in  alcohol,  and  most  of  them  mix  with  absolute 
alcohol  in  all  proportions.  According  to  Saussure,  the  solubility  of  different  oils 
increases  with  me  quantity  of  oxygen  which  they  contain ;  hence  tiao  the  same  oil  is 
more  readily  soluble  the  lonser  it  has  been  exposed  to  the  air.  Such  solutions  ara 
obtained  by  distOling  parts  of  plants  which  contain  the  volatile  oil  with  alcohol  and  a 
small  quantify  of  wat«r,  which  prevents  charring  towards  the  end  of  the  distillation. 
Many  of  the  preparations  which  apothecaries  call  *'  Spirits  "  are  solutions  of  this  kind,  as 
also  perfumsd  waters,  such  as  Eau  de  Cologne,  Ijavender-water,  &c.  Most  camphors 
also  cussolve  readily  in  alcohol ;  there  are  but  few  which  dissolve  with  diflcnity.  All  these 
solutions  bum  with  a  bright  flame,  which  is  smoky  if  the  solution  contains  much  oiL 
When  mixed  with  wat4»r,  they  turn  milky,  from  separation  of  the  oil,  part  of  which, 
however,  remains  dissolved  in  the  aqueous  mixture.  If  a  volatile  oil  is  mixed  with 
only  a  small  quantity  of  alcohol,  it  does  not  become  turbid  when  mixed  with  water, 
and  only  gives  up  its  alcohol  when  repeatedly  agitated  with  fresh  quantities  of  water. 

Wooi'tpirit  and  acetone  behave  like  alcohol;  so  likewise  do  ether  and  several 
other  ethereal  liquids,  excepting  that  from  the  latter  the  oils  cannot  be  separated  by 
water.  Sulphide  of  carbon  mixes  in  all  proportions  with  volatile  oils,  and  dissolves 
camphors. 

Volatile  oils  mix  with  fats,  dissolve  most  resins  and  resinous  eohuring  matters, 
and  several  organic  bases;  they  also  mix  with  one  another. 

With  the  aid  of  heat,  they  dissolve  a  tolerably  large  quantity  of  phosphorus, 
forming  a  liquid  which  shines  in  the  dark,  and  deposits  the  greater  part  of  the  phos- 
phorus on  cooling. 

They  also,  when  heated,  dissolve  a  small  quantity  of  sulphur,  which  ciystaUises  out 
again  on  cooling ;  when  boiled  for  some  time  with  sulphur,  they  unite  in  the  decomposed 
state,  with  considerable  quantities  of  that  substance,  forming  a  brown,  greasy,  stinking 
mass,  called  Volatile  Balsam  of  Sulphur,  which,  if  heated  for  a  longer  time,  quickly 
evolves  a  large  quantity  of  sulphuretted  hydrogen  gas.  Most  camphors  may  also  be 
made  to  unite  with  sulphur  and  phosphorus  by  fusion. 

y.  Many  volatile  oils  and  camphors  ab83rb  lai^  quantities  of  hydrochloric  acid  gas, 
producing  great  rise  of  temperature,  and  forming  sometimes  oily,  sometimes  camphor- 
oi'dal  compounds,  in  which  the  chlorine  cannot  be  detected  by  nitrate  of  silver.  With 
hydrobromic  acid  gas  they  behave  in  a  similar  manner.  Many  of  them  combine  with 
chloride  of  phosphorus  and  chloride  of  sulphur,  the  combination  being  attended  with 
evolution  of  heat  They  likewise  absorb  small  quantities  of  carbonic  oxide,  carbonic 
anhydride,  and  nitrous  oxide  and  larger  quantities  of  sulphurous  anhydride,  sulphy- 
drio  acid  and  fluoride  of  calcium. 

9.  Volatile  oils  mix  readily  with  hydrocyanic  add,  abstract  that  acid  from  water, 
and  form  a  mixture  which  does  not  readily  decompose,  and  is  especially  heavier  than 
water  (Ittner).  They  absorb  a  few  volumes  of  cyanogen  gas,  and  dissolve  iodide  of 
cyanogen  with  facility. 

€.  Many  volatile  oils  and  camphors  are  capable  of  mixing  with  certain  oraanic  adds 
such  as  acetic^  succinic,  benzoic  camphoric,  suberic  add,  and  the  fiitty  adds.  Strong 
acetic  acid  dissolves  many  volatile  oils  and  camphors  (Four croy  and  Vauquelin, 
Seller.  J.  V.  282;  Vauquelin,  Ann.  Chim.  Fhys.  xix.  279).  Acetic  add,  which  holds 
volatile  oils  in  solution,  reduces  mercurous  nitrate  or  silver  nitrate  at  a  boiling  heat, 
but  not  so  quickly  as  formic  add.    (W  al  c k  e  r. ) 

C  Only  a  few  oils,  which  contain  oxygen,  and  have  a  slightly  acid  character,  viz. 
creosote,  oil  of  cloves,  and  oil  of  pimento,  absorb  ammoniacal  gas  in  abundance,  dis- 
solve in  aqueous  alkalis,  and  form  with  these  and  other  bases,  saline  compounds,  in 
which  the  odour  of  the  oil  is  destroyed. 

Volatile  oils  dissolve  oxide  of  copper  at  ordinary  temperature?,  but  reduce  it  on 
application  of  heat  (A.  Vogel);  they  dissolve  protoxide  of  lead  with  facility 
(Schweitzer);  mix  with  chloride  and  fluoride  of  arsttnic  ;  and  abstract  corrosive 
sublimate  from  its  aqueous  solution,  whereby  they  become  thick  and  solid.  They  also 
separate  chloride  of  gold  from  its  aqueous  solution ;  and  on  subsequent  exposure  to 
light,  the  gold  is  set  free  in  the  metallic  state. 

Adulterations  of  Volatile  Oils, — The  more  expensive  of  these  oils  are  often 
adulterated  with  cheaper  oils  of  the  same  class,  also  with  fixed  oils  and  with  alcohol. 
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I.  Witk  Fixed  Oi^s.— 1.  Oils  thus  adulterated  l3aTe  upon  paper  a  greasy  spot,  which 
remains  eyen  alter  long-continued  warming  at  10  d°. — 2.  When  the  mixture  is  distilled 
with  toater,  the  volatile  oil  passes  over,  while  the  fixed  oil  remains,  and  may  be  detected 
by  saponifying  it  with. potash. — 3.  On  dissolving  the  volatile  oil  in  three  times  its 
volume  of  80  per  cent  alcohol,  the  greater  part  of  the  fixed  oil  remains  undis- 
solved. 

IL  Wtth  Jleokol, — 1.  When  the  proportion  of  alcohol  is  large,  the  greater  part  of 
it  may  be  extracted  by  toater,  the  liquid  acquiring  a  milky  turbidity.  Hence  the 
quantity  of  alcohol  may  be  determined  by  shaking  up  the  oil  with  an  equal  bulk  of 
water  in  a  graduated  test-tube,  and  observing  the  diminution  of  volume  (Lipowitz). 
The  result,  however,  is  not  quite  accurate^  because  the  separated  oil  still  retains  a 
portion  of  aloohoL-^2.  The  mixture,  when  distilled  with  tDoter,  gives  off  the  alcohol 
at  the  very  beginning  of  the  distillation  ;  and  this  first  distillate,  when  concentrated 
by  rectification  yields  alcohol,  easily  recognised  by  its  smell,  taste,  density,  boiling 
point,  and  flame. — 3.  Into  a  graduated  tube,  two-thirds  filled  with  the  oil,  some 
pieces  of  chloride  ofcaiciwm,  free  from  dust,  are  introduced,  and  the  whole  heated  for 
five  minutes  on  the  water-bath,  with  frequent  agitation.  If  no  alcohol  is  present,  the 
lumps  of  chloride  ^of  calcium  appear  unaltered  after  cooling ;  if  a  small  quantity  is 
present,  they  appear  effloresced  and  baked  together ;  and  a  larger  quantity  causes  them 
to  deliquesce  with  the  alcohol  into  a  fiuid  layer,'the  oil  fioating  on  the  top,  and  appear- 
ing diminished  in  volume  in  proportion  to  the  (quantity  of  alcohol  present.^-4.  PoiaS' 
nam  oxidises  in  the  alcoholised  oil,  with  evolution  of  gas;  and  the  more  quickly  as  the 
proportion  of  alcohol  is  greater.  Twelve  drops  of  the  oil  are  poured  into  a  watch-glass, 
and  a  piece  of  potassium  as  large  as  a  pin's  head  is  introduced.  If  the  potassium  re- 
mains unaltered  ibr  12  to  15  minutes,  tne  oil  is  pure,  or  at  least  does  not  contain  more 
than  4  per  cent,  alcohol ;  if  it  disappears  in  less  than  a  minute,  the  oil  contains  25  per 
cent,  alcohol  or  more. — 5.  A  pure  volatile  oil  agitated  with  an  equal  volume  of  olive- 
oil  yields  a  dear  mixture ;  whereas  that  which  contains  alcohol  forms  a  turbid  mixture 
the  alcohol  being  separated.    (Bighini,  J.  chim.  m6d.  xx.  351.) 

III.  Adtdterations  ofeapeneive  Oils  with  OH  of  Ikirpeniine. — 1.  The  presence  of  this 
adulteration  may  be  detected  by  the  smell,  especially  on  rubbing  the  oil  between  the 
hands,  or  after  setting  it  on  fire  and  then  blowing  it  out. — 2.  Since  oil  of  turpentine  is 
less  soluble  in  hydrated  alcohol  than  many  other  oils,  the  suspected  oil  may  be  agitated 
with  its  own  bulk  of  80  per  cent,  alcohol ;  if  oil  of  turpentine,  anise,  or  fennel  be  pre- 
sent, the  solution  is  incomplete. — 3.  Oil  of  turpentine  mixes  much  less  easily  ^^  fixed 
oils,  than  the  oils  of  marjoram,  lavender,  valerian,  sage,  peppermint,  or  wormwood. 
I^  therefore,  3  grms.  of  the  suspected  oil  be  agitated  with  3  gnus,  of  poppy  oil,  and 
the  mixture  remains  turbid,  we  may  conclude  that  the  oil  is  not  mixed  with  turpentine ; 
far  even  a  small  quantity  of  the  latter  would  render  the  mixture  clear.  This  method 
is  not  applicable  to  the  oils  of  thyme  and  rosemary  (Mero,  J.  chim.  m^d.  xxi.  93). — 
4.  Many  volatile  oils  dissolve  the  colouring  matter  of  sandoL-wood,  but  oil  of  turpentine 
does  not ;  the  presence  of  the  latter  will,  therefore,  diminish  the  solvent  power  of  the 
other  oil  (Voget,  Ann.  Pharm.  vi.  42). — 5.  Oil  of  turpentine  becomes  strongly  heated 
and  detonates  by  contact  with  iodine;  many  other  oils  do  not ;  but  if  the  latter  are 
mixed  with  only  a  small  quantity  of  oil  of  turpentine,  they  likewise  detonate  by  contact 
with  iodine.    (Tuchen.) 

An  old  name  for  Anatase,  from  Oisans  in  Dauphiny. 

Dvsdojriie. — A  hydrated  silicate  of  calcium,  occurring  in  the  Farod 
Islands,  Iceland,  and  Ghreenland,  sometimes  in  prismatic  crystals,  probably  trimetric 
and  having  the  angle  qdP  :  ooP  a  122°  19',  but  more  generally  massive  and  fibrous. 
Baldness  »  4*5  to  5.  Specific  gravity  =2*362  (Connell);  2-28(Kobell).  White, 
with  a  shade  of  yellow  or  blue,  and  a  pearly  lustre.  Often  opalescent,  subtransparent 
to  snbtninslncent  Very  tough.  Analysis  1  is  by  v.  Hauer;  2  by  Kobell  (/?am- 
melsber^s  Minerdlchemis,  p.  504): 

SiO«.       Fe<0\       Ca«0.       Ka«0.      K«0.       H«0. 

1.  Discos  Island,  Greenland    54-81       .    .        27*23  18*04 » 100*08 

2.  FaroS       .        .        .         .57*69       0*54      26*83      0*44      0*23       14*71=100*44 

These  analyses  lead  to  the  formula  Ca«0.2SiO«.2H«0  or  perhaps  Cca'H^Si^O'.H'O, 
which  is  that  of  a  hydrated  metasilicate. 

OXAAam>a.  C'H^NO  »  K.H^G"H"0.--PK>duced  hj  the  action  of  alcoholic 
ammonia  on  oil  of  almonds  (Bowney,  Ed.  PhiL  Trans,  xxi.  pt.  2;  Ghem.  Soc.  Qu. 
J.  vii.  200),  or  oil  of  hazel-nuts  (Carlet,  Bull.  Soc.  Chim.  1859,  p.  73),  and  purified 
by  pressure  and  recrystallisation  from  alcohoL  It  forms  crystalline  nodules ;  begins 
to  melt  at  79^,  becomes  perfectly  fiuid  at  81^,  and  solidifies  to  a  semi-transparent  mass 
At  78^  (Bowney);  at  75^  to  a  highly  crystalline  mass  (Carlet).    It  is  insoluble  in 
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toater,  but  dissolTes  easily  in  warm  alcohol;  b€>comes  yellow  and  rancid  when  exposed 
to  the  air;  and  is  decomposed  by  heating  in  a  sealed  tube  with  alcoholic  potash, 
yielding  oleate  of  potassium  (Garlet).  It  is  also  decomposed  by  fusion  with  hydrate 
of  potassium,  not  by  boiling  with  aqueous  potash.    (Rowney.) 

The  conyersion  of  oils  and  fats  into  amides  by  the  action  of  ammonia  was  first 
noticed  in  1844  by  BouUay  (J.  Fharm.  v.  329),  who  however  did  not  obtain  them 
pure,  and  regarded  the  products  obtained  from  different  oils  as  one  and  the  same 
amide,  which  he  called  margaramide, 

EujcDAiciDB,  isomeric  with  oleamide,  is  obtained  by  enclosing  1  yoL  elaidin 
(prepared  from  almond-oil  with  nitrous  add)  with  4  toL  aqueous  ammonia  and  2  vol. 
alcohoL  It  forms  colourless  shining  needles  which  melt  partially  at  92^,  and  corn* 
pletely  at  94^,  the  liquid  solidifying  to  an  opaque  mass  at  91^.    (Rowney.) 

O&BBirB.    Syn.  with  NoifsxEins. 

O&BKAVT  OA8.    Syn.  with  Ethtlknb. 


Hydrocarbons,  OH>,  homologous  with  ethylene;  so  called  from 
their  property  of  forming  oily  compounds  with  bromine  and  chlorine,  like  Dutch  liquid 
(see  Htdbocabboks,  iii.  187). 

OXiBZO  ACIB.    C"H»*0«  -       2**^!^'    Chevreul,  Recherche*  aur  les  corps 

gras,  p.  206. — ^Varrentrapp,  Ann.  Ch.  Irharm.  zzzv.  196. — Gusserow,  Kastner's 
Archiv.  1  Chem.  u.  Meteorol.  i.  73. — Laurent,  Ann.  Ch.  Phys.  Ixv.  149. — Gottlieb, 
Ann.  Ch.  Pharm.  Ivii.  40. — Heintz,  Pogg.  Ann.  Izzxiil  565 ;  Ixzxiz.  683 ;  xc.  143. — 
Bert  he  lot,  Ann.  Ch.  Phys.  [3]  xli.  243. — ^The  liquid  acid  obtained  by  the  saponi- 
fication of  non-drying  oils  and  solid  futs.  Under  the  influence  of  nitrous  acid,  it  is 
transformed  into  a  solid  modification  called  elaidic  acid. 

Preparation.  In  the  manufacture  of  stearin-candles,  oleic  acid  is  obtained  by 
treating  with  dilute  sulphuric  acid  the  lime-soap  obtained  by  the  action  of  lime  upon 
tallow.  The  fatty  acids  resulting  from  the  decomposition  are  washed  with  hot  water, 
and  solidify  in  mass  on  cooling ;  and  this  mass  when  subjected  to  pressure,  yields  a 
liquid  rich  in  oleic  acid,  but  still  retaining  a  considerable  quantity  of  stearic  acid. 
After  remaining  for  some  time  in  a  cold  place,  it  deposits  a  quantity  of  solid  matter, 
and  the  liquid  decanted  from  this  is  sent  into  the  market  as  okic  acid.  It  is  an 
impure  acid  containing,  besides  stearic  acid,  a  certain  quantity  of  oxy-oleic  acid  pro- 
duced by  the  oxidising  action  of  the  air. 

To  obtain  pure  oleic  acid,  olive  or  almond  oil  is  saponified  with  potash ;  the  soap  is 
decomposed  by  tartaric  acid;  and  the  separated  fatty  acid,  after  being  washed,  is 
heated  for  some  hours  in  the.  water-bath,  with  half  its  weight  of  oxide  of  lead  pre- 
viously reduced  to  fine  powder.  The  mixture  is  then  well  shaken  up  with  about  twice 
its  bulk  of  ether,  which  dissolves  the  oleate  of  lead  and  leaves  the  stearate ;  the  liquid 
after  standing  for  some  time  is  decanted  and  mixed  with  hydrochloric  acid ;  the  oleic 
acid  thereby  eliminated  dissolves  in  the  ether,  and  the  ethereal  solution  which  rises  to 
the  surface  of  the  water  is  decanted,  mixed  with  water,  and  freed  from  ether  by  dis- 
tillation. The  residue  is  nearly  pure  oleic  acid,  containing  only  a  small  quantity  of 
oxy-oleic  acid.  To  free  it  from  this  it  is  saturated  with  ammonia,  and  the  resulting 
soap  is  decomposed  by  chloride  of  barium,  whereby  a  precipitate  of  oleate  and  oxy- 
oleate  of  barium  is  formed,  which  after  drying  is  treated  with  boiling  alcohoL  The 
solution  on  cooling  deposits  crystals  of  oleate  of  barium,  the  oxy-oleate  remaining 
in  solution ;  and  ftom  these  crystals  the  oleic  acid  may  be  separated  in  the  pure  state 
by  means  of  tartaric  acid  dissolved  in  water  which  has  been  previously  freed  from  air 
by  boiling,  the  decomposition  and  the  subsequent  washing  being  carried  on  in  such  a 
manner  as  to  protect  the  oleic  acid  from  the  action  of  the  air. 

The  mode  of  purification  just  described  may  be  applied  to  commercial  oleic  acid. 

Properties. — Oleic  acid  crystallises  from  alcoholic  solution  in  dazzling  white  needles, 
and  melts  at  14^  to  a  colourless  oil,  which  solidifies  at  4^  to  a  hard,  white,  crystalline 
mass,  expanding  at  the  same  time  t«  such  an  extent  that  the  remaining  liquid  is  ex- 
tended (Gottlieb).  Specific  gravity  -  0808  at  19*'  (Chevreul).  The  acid  voUtilises 
in  vacuo  without  decomposition  (Chevreul,  Laurent).  It  is  tasteless  and  inodorous, 
reacts  neutral  when  unaltered  (not  oxidised),  also  in  alcoholic  solution  (Gottlieb). 
It  contains,  according  to  the  mean  of  Gottlieb's  analyses,  76'34  per  cent,  carbon,  and 
1214  hydrogen,  the  formula  C»»H"*0«  requiring  76-69  C,  12*06  H,  and  11-36  O. 

Oleic  acid  is  insoluble  in  water^  very  soluble  in  alcohol,  and  dissolves  in  all  pro- 
portions in  ether.  Cold  strong  sulphuric  acid  dissolves  it  without  decomposition.  It 
dissolves  solid  fats,  stearic  acid,  palmitic  acid,  &c  (Chevreul),  and  is  dissolved  by 
Me,  with  formation  of  a  soap,  and  strong  acid  reaction.  (Marcet)  Phil.  Mag.  [3] 
xviu  146.) 
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Decompoeiiions. — In  the  solid  state  oleic  acid  oxidises  but  slowly  in  the  air ;  but  in 
the  liquid  state  it  rapidly  absorbs  oxyeen,  acquires  a  rancid  taste  and  smell,  and  a 
decid^  acid  reliction,  no  longer  dystaluses  at  low  temperatures,  and  forms  with  baryta 
a  salt  Tery  soluble  in  alcohol.  At  100^  it  absorbs  oxygen  more  rapidly  than  at  ordinary 
temperaturefl,  and  gi ves  off  carbonic  anhydride.     (Gottlieb.) 

2.  Oleic  acid  is  decomposed  by  distillation,  yi^ding  sebacic  acid,  the  proportion  of 
which  is  greater  as  the  oleic  acid  ia  more  nearly  pure;  the  other  products  of  the  de- 
composition are  caprylic,  caproic,  and  acetic  acids,  several  gaseous  hydrocarbons,  and 
carbonic  anhydride.  The  formation  of  sebacic  acid  by  distillation  serres  to  distinguish 
oleic  acid  from  other  oily  adds.    (Varrentrapp.) 

3.  Oleic  add  heated  with  hydrate  of  potassium  gives  off  hydrogen,  and  forms  pal- 
mitate  and  acetate  of  potassium  (Varrentrapp): 

C'«H«*0«  +   2KH0     =     C»«H"E:0«  +  C»H»KO»  +   H«. 

4.  Distilled  with  one-fourth  its  weight  of  quicklime^  it  yields  a  neutral  unsapo- 
nifiable  liquid,  probably  oleone  (Bussy,  Ann.  Ch.  Pharm.  ix.  271).  When  10  pts.  of 
crude  oleic  acid  are  mixed  with  3  pts.  of  slaked  Hme,  then  with  3  pts.  soda-lime,  the 
mass  distilled,  and  the  distillate  collected  in  a  cooled  receiver,  liquid  products  are 
obtained,  amounting  to  two-thirds  of  the  oleic  acid,  and  gases  are  given  off  consisting 
chiefly  of  ethylene,  tetrylene,  amylene,  and  olefinee  of  higher  atomic  weight. 
(Berthelot^  Ann.  Ch,  Phys.  [3]  liii.  200.) 

5.  Oleic  acid  distilled  with  avlphur  gives  off  sulphydric  acid,  and  yields  a  red- 
brown  stinking  oil,  called  by  Anderson  sulphide  of  odmyf,  but  perhaps  consisting 
mainly  of  tetrylic  mercaptan  (p.  173). 

6.  Chlorine  and  bromine  in  presence  of  water,  convert  oleic  acid  into  dichloroleic 
and  dibromoleio  adds  respectively:  iodine  exdtes  no  action  upon  it  (Lefort).  Bromine 
added  drop  by  drop  to  pure  oystallised  oleic  add,  forma  tribromo-dioleic  add.  (B  ur  g, 
p.  194.) 

7.  Strong  stdphuric  acid  dissolves  oleic  add,  forming  a  solution  which  is  predpitated 
by  water ;  on  heating  the  liquid,  it  blackena  and  gives  off  sulphurous  anhydridi^. 
(Gottlieb.) 

8.  Nitrous  acid  converta  oldc  add  into  elai' die  acid,  a  solid  body  isomeric 
with  it. 

9.  Strong  nitric  acid  attacks  oleic  add  with  violence,  giving  off  red  nitoous  vapours, 
and  producing  volatile  acids  of  the  series  C"H*'0*,  viz.  acetic,  propionic,  butyric, 
valenc,  caproic,  oenanthylic,  caprylic,  pelargonic,  and  capric  acids ;  and  fixed  acids  of  the 
series  OH^— ^O',  viz.  suberic,  pimelic,  adipic,  lipic,  and  azelaic  acids,  the  number  and 
proportion  of  these  products  varying  with  the  duration  of  the  action. 

Oleic  add  heated  with  an  equal  weight  of  glycerin  yields  triolein ;  with  excess  of 
glycerin,  monolcin.  Heated  with  glycerin,  and  hydrochloric,  tartaric,  phosphoric, 
or  sulphuric  add,  it  yields  oleina  containing  also  the  radide  of  the  second  acid, 
(Berthelot.) 

Olbitbs.  The  formula  of  the  neutral  oleates  is  C»H"MO«  or  C!«H«M"0*,  accord- 
ing to  the  atomicity  of  the  metal :  there  are  likewise  acid  oleates.  Tiie  neutral  oleates 
of  the  alkali-metals  are  soluble  in  water,  and  not  so  completely  precipitated  from  their 
solutions  by  the  addition  of  another  soluble  salt,  as  the  stearates  and  palmitates.  The 
add  oleates  are  liquid  and  insoluble  in  water. 

The  oleates  dissolve  in  cold  absolute  alcohol  and  in  ether,  a  property  by  which  they 
may  be  distinguished  and  separated  from  the  stearates  and  palmitates. 

it  is  somewhat  difficult  to  prepare  the  oleates  in  a  state  of  purity,  in  consequence  of 
the  rapidity  with  which  oleic  acid  oxidises  in  contact  with  the  air.  The  best  mode  of 
proceeding  is  to  decompose  oleate  of  barium  with  the  sulphate  of  the  base  which  is  to 
be  combined  with  the  oleic  add.  The  two  salts  are  pounded  together,  and  digested 
in  a  closed  flask  at  a  sentle  heat  with  alcohol  of  ppecific  ^vity  0*833.  Sulphate  of 
barium  is  then  formed,  and  the  oleate  of  the  other  base  dissolves  in  the  alcohol,  from 
which  it  may  be  freed  by  distillation  in  a  current  of  hydrogen. 

Oleate  of  Ammonium  \%  gelatinous  and  soluble  in  water.  It  may  be  produced 
by  digesting  oleic  acid  in  the  cold  with  aqueous  ammonia. 

Oleate  of  Barium,  C'lP^aO*  or  C•^'*^ba"0^  the  preparation  of  which  has 
already  been  described  (p.  192),  is  crystalline  and  infusible  at  100^  when  pure,  but 
when  altered  by  contact  with  the  air,  it  melts  below  100^. 

It  dissolves  in  warm  dilute  alcohol,  and  the  solution  on  cooling  deposits  flocks  con- 
sisting, according  to  Oossmann  (Ann.  Oh.  Pharm.  Ixxxvi.  822),  of  an  add  salt 
C^H"BaO*  or  0"^*Bba-0*  2C"H»*0«. 

The  oleates  of  calcium  and  strontium  dosely  resemble  the  neutral  barium  salt. 

Oleate  of  Chromium  is  amorphous  and  violet  coloured. — CHeate  of  cobalt  is 
Vou  IV.  0 
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bluish  and  pulreralent. — Oleate  of  copper  is  a  green  precipitate  extremelj  fbsible^  peis 
fecUj  fluid  at  100°. 

Oleate  of  Cobalt.  Oleate  of  potassium  added  to  a  hot  solution  of  sulphate  of 
cobalt,  forms  first  a  bluish-green,  then  a  green  precipitate,  which  settles  down  yerj 
slowly.    (Chevreul.) 

Oleate  of  Copp  e  r.  By  precipitating  cupric  sulphate  with  oleate  of  potassium  or  by 
warming  oleic  acid  with  cupric  oxide,  a  salt  of  fine  green  colour  is  obtained,  which 
becomes  quite  fiuid  at  100°  (Chevreul).  It  dissolves  in  all  proportions  in  alcohol 
with  bluish-green  colour;  with  a  small  quantity  of  alcohol,  it  forms  an  oil.  (Unver- 
dorben.) 

Oleatea  of  Lead.  The  neutral  salt,  C"H"PbO»  or  C"H^b"0*,  is  prepared  by 
dissolving  oleic  acid  in  absolute  alcohol,  adding  an  excess  of  diy  carbonate  of  sodium 
and  heating  gently,  so  that  the  vapour  of  the  lucohol  may  expel  the  air  firom  the  flask. 
As  soon  as  the  liquid  exhibits  an  alkaline  reaction,  it  must  be  rapidly  filtered,  slightly 
diluted  with  water,  and  left  to  cool  with  the  vessel  covered ;  then  precipitated  with 
neutral  acetate  of  lead,  again  quickly  filtered,  and  the  precipitate  of  oleate  of  lead 
washed  in  a  cool  place.  After  drying  in  a  vacuum,  it  forms  a  light  white  powder,  which 
melts  at  80°  to  a  yellow  liquid.  ^  It  dissolves  very  slowly  in  cold  ether,  out  quickly  in 
boiling  ether  if  well  stirred.  It  is  likewise  soluble  in  oil  of  turpentine  and  in  rock-oil, 
the  solution  saturated  while  hot  solidifying  in  a  gelatinous  mass  on  cooling. — When 
altered  by  contact  with  the  air,  it  becomes  gelatinous.     (Gottlieb.) 

A  banc  oleate  of  lead,  C*'H*'I^b''O^Fpb"0,  is  obtained  by  boiling  oleic  acid  with 
excess  of  basic  acetate  of  lead.    It  is  soft  at  20^  and  liquid  at  100^.    (Ch  evreul.) 

Oleate  of  Magnesium,  C'"H"MgO»  or  C~H««Mmg"0*,  is  granohur,  soft  and 
diaphanous.    (ChevreuL) 

Oleatea  of  Mercury.  The  mercuric  salt  is  precipitated  in  white  flocks,  which 
become  greasy  when  washed,  and  dry  up  to  a  solid  mass ;  it  dissolves  sparingly  in 
cold  alcohol,  more  easily  in  hot  alcohol  and  in  ether  (Harf  f,  N.  Br.  Arch.  ▼.  306). — 
The  mercuroue  salt,  C"H'*Hhg'0*,  forms  greyish-white  flocks,  becoming  bluish  when 
dry.  Insoluble  in  water  and  in  cold  alcohol,  soluble  in  hot  alcohol,  and  in  ether 
whether  hot  or  cold.  Forms  with  ammonia  a  black  powder  containing  ammonia. 
(Harff.) 

Oleate  of  Nickel  is  a  greenish-yellow  precipitate  which  settles  down  slowly. 
(Oherreul.) 

Oleatea  ofPotaaaium.  The  neutral  aaltf  C"H*^0*,  obtained  by  heating  equal 
parts  of  potash  and  oleic  acid  with  a  small  quantity  of  water,  forms  a  gelatinous  mass 
which  may  be  purified  by  dissolving  it  in  alcohol.  The  solution  evaporated  to  dryness 
leaves  a  white  friable  odourless  sidt^  which  deliquesces  in  moist  air,  dissolves  com- 
pletely in  4  pts.  of  water,  forming  a  viscid  liquid ;  a  larger  quantity  of  water  decom- 
poses it,  separating  a  gelatinous  mass  of  the  acid  salt.  It  is  decomposed  by  acids, 
even  by  carbonic  add,  when  a  stream  of  the  latter  is  passed  through  the  aqueous 
solution  cooled  to  5°.  Acid  oiUate  of  potassium  is  insoluble  in  water,  but  soluble  in 
alcohol  even  in  the  cold ;  the  solution  has  an  add  reaction. 

Oleate  of  Silver,  Produced  by  double  decomposition,  but  reduces  almost  as 
soon  as  formed. 

Oleate  of  Sodium,  C^'H"KaO',  is  obtained  like  the  neutral  potassium-salt  Ac- 
cording to  Yarrentrapp,  it  crystallises  when  its  solution  in  boiling  absolute  alcohol  is  left 
at  rest  It  dissolves  in  10  or  12  parts  of  water,  but  is  not  deliquescent  By  contact 
with  the  air  it  becomes  gelatinous. 

Oleate  of  Zinc.    White  powder  melting  below  100°.    (Chevreul.) 

Chlorine-  and  Bromine-derivatives  of  Oleic  acid, ' 

1.  Dichloroleic  acid,  C"H"C1'0*. — Obtained  by  the  action  of  chlorine  on  oleic 
add  in  presence  of  water.  Brown  oil  of  specific  gravity  1*082  at  8°,  more  visdd  than 
oleic  acid.    Seddens  litmus.    Boils  at  190°.    (Lefort,  J.  Pharm.  [3]  xxiv.  113.) 

2.  Dihromoleic  acid,  C"H"Br*0'. — Obtained  in  like  manner.  Brown  oil  of 
«pedfic  gravity  1*272  at  7'5°     Reddens  litmus.    Boils  at  200°.    (Lefort) 

8.  Tr  ib  r  Q  mo 'di  oleic  acid,  (?^^^i^0\  Produced  by  adding  bromine  drop  by  drop 
to  pure  crystallised  oleic  add.  Visdd  liquid  having  an  agreeable  odour,  soluble  in 
ideohol  and  ether,  decomposible  at  170°.  It  is  monobasic  and  forms  uncrystallisable 
salts.  The  harium-aaU  is  a  pitchv  mass  soluble  in  ether,  insoluble  in  fdcohoL  The 
add  treated  with  moist  silver-oxide  yields  oxy-oleic  acid,  in  the  form  of  a  viscid 
liquid  having  a  randd  odour  and  soUdifying  after  some  time.  It  is  monobasic^  and 
forms  a  gummy,  deliquescent  baziom-salt    (Burg,  J.  pr.  Chem.  zdii  227.) 
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Acids  reUUed  to  Oleic  acid, 

«.  Htdrolbio  and  Metoukic  Acnss. — When  sulpholeic  acid  (produced  by  the 
action  of  sulphuric  acid  upon  olein  at  low  temperatures)  is  left  to  itself  in  the  cold,  it 
yields  an  oily  acid  called  by  Fr^my,  meia-okic  acid.  It  is  insoluble  in  water,  Tery 
sparingly  soluble  in  alcohol,  very  soluble  in  ether.  It  gave  by  analysis  76*7  per  cent 
carbon,  and  11*9  hydrogen. 

Hifdroleic  acid  is  obtained,  acoordine  to  Fr^my,  by  boiling  the  sulpholeic  acid 
after  all  the  meta-oleic  acid  has  been  deposited.  It  is  oily,  insoluble  in  water,  very 
soluble  in  alcohol  and  ether,  and  contains,  according  to  Fremy,  72*9 — 73*3  per  cent, 
carbon,  and  11*8 — 11*9  hydr(^n.  Both  these  adds  are  decomposed  b^  dry  distillation, 
Yielding  carbonic  anhydride  and  oily  hydrocarbons  homologous  with  ethylene,  yiz, 
iiexylene  and  nonylene. — (Fr^my,  Ann.  Ch.  Phys.  Ixy.  128).  The  composition,  and 
indeed  the  existence  of  these  acids,  is  very  doubtfuL 

$.  Elaidic  Acid,  the  solid  fatty  add  isomeric  with  oleic  add,  produced  by  the 
action  of  nitrous  add  on  the  latt^^r,  and  LnroLEio  Acuo,  the  fatty  add  of  drying  oils, 
have  been  already  described  (ii.  368 ;  iil  700). 

OUno  aTBXXS.  Olbatb  op  Ethyl  or  Oleic  Ether,  C»H*0*  =  C»«H«(C«H»)0«. 
— (Laurent,  Ann.  Ch.  Phys.  xzxv.  298.  Yarrentrapp,  Ann.  Ch.  Pharm.  xzzy. 
206.) — This  ether  is  obtained  b^  passing  dry  hydrochloric  add  gas  into  a  solution  of 
oleic  add  in  about  three  times  its  volume  of  alcohol.  Etherification  takes  place  in  a 
few  minutes,  and  the  ether  separates  from  the  liquid.  It  may  ailso  be  prepared  by 
treating  oleic  add  with  a  mixture  of  alcohol  and  sulphuric  add. 

Oleic  ether  is  a  colourless  liquid  of  Bp<»cific  gravity  0*87  at  18^ ;  soluble  in  alcohol 
and  deoomposible  by  distillation.  Mercuric  nitrate  transforms  it  in  24  hours  into 
elaidic  ether  (ii.  380). 

Olbatb  of  Mbthyl,  C'H'K)'  =  ^•H"(CH*)0«,  obtained  in  like  manner,  is  an 
oily  liquid  of  specific  gravity  0'879  at  18° ;  it  is  converted  by  mercuric  nitrate  into 
eludate  of  methyL 

Olbatbs  of  Gltcbbtl.  Olxihb. — Three  of  these  compounds  have  been  obtained  by 
heating  oldc  add  with  glycerin  in  sealed  tubes,  viz. : 

Honoldn  ....        C"H**0*      -    H«.e^»o|^ 

Dioldn C»H«0»      -     h.(C^^^)«|^* 

Triolein       ,  ...        C"H»**0«     -    (j^K^A^ 

They  result,  like  other  glyeerides,  from  the  union  of  the  add  and  glycerin,  with 
elimination  of  the  elements  of  water. 

Monolein,  C"H«K)<  -  C'«H»*0«  +  C»H"0»  -  H«0,  is  an  oily  liquid  which  soli- 
difies at  about  15°.  Spedfic  gravity  4*947.  (Analysis  71*4  per  cent.  C  and  11-55  H; 
calc.  70*8  C  and  11*3  H). — It  is  very  slowly  saponified  by  oxide  of  lead.  Alcohol  and 
acetic  acid  do  not  decompose  it  at  100°,  a  property  which  it  shares  with  natural  oldn. 
In  the  barometric  vacuum  it  volatilises  without  decomposition. 

It  may  be  produced  by  heating  glycerin  and  pure  oleic  acid  to  200°  in  a  sealed  tube 
ibr  18  hours,  or  a  mixture  of  oleate  of  ethyl,  glycerin,  and  hydrochloric  add  to  100°. 

Diolein,  C»H«0*  -  2C»»H**0«  +  C^»0»  -  2H*0,  is  obtained  by  heating 
natnnl  olein  (triolein)  with  glycerin  to  100°  for  22  hours-^Its  spedfic  gravity  is  8*921 
at  21°.  It  begins  to  eiystallise  at  about  15°.  It  gave  by  analysis  73*5  per  cent  C 
and  11*95  H  (calc  76*2  C  and  12*1  H,  from  the  formula  C*H'*0«).* 

Triolein,  C^H'»«0«  -  8C'*H»*0«  +  C»H«0*  -  3H«0,  is  obtained  by  heating  to 
200°  a  mixture  of  equal  weights  of  oleic  add  and  glycerin,  decanting  the  layer  of  fiitty 
matter  aiier  the  reaction  is  finished,  mixing  it  with  15  to  20  times  its  weight  of  oleic 
acid,  and  heating  again  to  240°  for  four  hours.  The  neutral  matter  is  extracted  with 
lime  and  ether,  the  solution  is  treated  with  animal  cbnrooal,  then  concentrated  and  mixed 
with  8  or  10  times  its  volume  of  common  alcohol,  and  the  triolein  thereby  precipitated 
ia  collected  on  a  filter  and  dried  in  vacuo. 

Triolein  is  liquid  at  100°.    In  contact  with  the  air,  it  gradually  turns  add.    It  is 

•  Thefonnnte  orlginallT  uilgned  toy  Bert  helot  to  ■nin«of  the  g!yc«rid€i  conUlnlrg  9  at.  of  the 
arid  radicle.  #otc  founded  on  the  suppokitton  that  the  rormetion  of  theie  diacid  conjp«*uod«  wac  «f  tended 
vitb  the  elimfaiatloD  of  only  one  I  at.  H«0 ;  bat  at  auch  a  mode  of  formation  it  not  consUtent  with  th*t 
or  the  other  elyceridet,  or  Indeed  of  compound  ethert  in  general,  and  at  moroorer  it  It  rei-y  difflcult  to 
^btehi  the  (fiadd  styeeridea  pore,  It  it  more  probable  that  hi  the  fomatlon  of  tbcae  dUcMt  glycerfdea 
9  at.  I1*0  are  elimloatcd. 
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slowly  saponified  by  oxide  of  lead.    Analysis  77'6 — 77*2  per  cent.  C  and  12*2 — ^11-5 
H;  calc.  77*4  C  and  11-8  H.  # 

The  o  1  e  i  n  of  animal  fats  and  non-dirjring  oils  (drying  oils  contain  a  different  glyceride) 
appears  to  be  identical  with  triolein.  Its  composition  has  not^  however,  been  exactly 
determined,  for  there  is  great  difficulty  in  obtaining  it  pnre. 

Chevreul  prepared  it  by  boiling  human  fat,  hog's-lard,  goose-feit,  or  beef  or  mutton 
suet  in  a  flask,  filtering  the  solution  after  leaving  it  to  stand  for  24  hours,  concentrat- 
ing a  little  by  evaporation,  adding  water  which  separates  the  olein,  then  exposing  the 
pxoduct  to  cold,  and  separating  the  liquid  from  the  solid  portion  by  pressure.  In  this 
manner  olein  is  obtained  which  does  not  solidify  at  0°  C. 

Olein  may  also  be  prepared  from  olive  oil  and  other  glycerides  containing  it,  by 
pouring  upon  the  fat  a  cold  strong  solution  of  caustic  soda,  which  saponifies  the 
stearin  and  the  other  solid  fiits,  but  not  the  olein.  The  mixture  is  agitated  and  gently 
heated  to  separate  the  olein  from  the  stearin  soap ;  the  liquid  is  filtered  through  cloth, 
and  the  olein  separated  by  decantation  from  the  alkaline-ley.  This  process  succeeds 
with  all  oils,  excepting  those  which  have  become  rancid,  or  have  been  altered  by  heat. 
(P^clet,  Ann.  Ch.  Phys.  xxii.  830.) 

A  less  pure  product  is  obtained  by  treating  oil  of  olive  or  sweet  almonds  with  cold 
alcohol,  and  e>*aporating  the  solution. 

The  properties  of  olein  differ  somewhat  according  to  the  nature  of  the  fat  from 
which  It  is  extracted,  and  the  mode  of  preparation,  but  when  properly  prepared,  it 
is  colourless,  void  of  taste  and  smell,  insoluble  m  water,  very  soluble  in  absolute  alcohol 
and  in  ether,  and  of  a  density  between  0*90  and  0*92.  It  bums  with  a  very  bright 
flame.    When  saponified  with  potash^  it  yields  glycerin  and  oleate  of  potassium. 

By  dry  distillation  it  yields  gaseous  products,  liquid  hydrocarbons,  sebadc  acid,  and 
acrolein.  This  reaction  affords  the  means  of  detecting  olein  in  fats;  for,  if  the 
product  of  the  distillation  be  treated  with  boiling  water,  a  solution  is  obtained  which 
on  cooling  yields  small  needles  ofsebacicacid.  Olein  oxidises  in  the  air,  yielding 
the  same  products  as  oleic  acid.  Under  the  influence  of  strong  mlphurio  acid,  it  is 
resolved  into  sulpholeic  and  sulphoglycerid  acids.  Nitrous  ocm^  converts  it 
into  the  isomeric  solid  compound  elaidin  (ii.  380) ;  this  property  distinguishes  olein 
from  the  liquid  fat  of  non-drying  oils. 

Chlorine  and  bromine  act  upon  olein,  producing  substitution-products. 

(C«H»)'*     ) 

Olh^tb  of  Manhittl.    Afannite  olHgue,  C*«H'«0'  -  (C'H^O)' >0».    (Berths- 

lot,  Ann.  Ch.  Phys.  [3]  xlvii.  826). — ^Obtained  by  heating  oleic  add  with  mannite  to 
120^  in  a  sesled  tube,  saturating  the  superficial  fatty  layer  with  lime,  exhausting  with 
ether  (which  also  takes  up  calcic  oleate,  but  deposits  it  on  boiling  in  vacuo)  and  evapo- 
rating. It  is  a  nearly  colourless,  neutral,  waxy  mass  which  becomes  soft  and  tenacious 
at  a  gentle  heat  and  then  melts  to  a  yellowish  liquid.  By  heating  with  potash  it  ia 
resolved  into  oleic  acid  and  mannitan. 

•    See  Ouuc  Ethebs. 


Oleic  acid  distilled  with  lime  yields  an  oily  liquid  regarded  by  Bussy 
(p.  193)  as  the  acetone  of  oleic  acid;  it  has  not,  however,  been  obtained  pure.  Vohl 
(Dingl.  poL  J.  cxlvii.  304)  applies  the  name  oleone  to  an  iUuminating  material 
of  similar  nature  obtained  by  precipitating  the  waste-liquor  of  soap-works  with 
chloride  of  calcium,  and  distillmg  the  resulting  calc  ium-salts  of  fatty  acids  with 
quicklime. 

0&a0PK08»R0KZ0  AOXB.  A  phosphoretted  fatty  add  contained  in  the 
brain. — ^When  the  ethereal  extract  of  brain,  prepared  as  described  under  CxBBSBiir 
(i.  830),  is  treated  with  ether  to  separate  cerebrin,  the  ether  takes  up  oleophosphoric 
add,  often  combined  with  soda,  and  mixed  with  olein  and  cholesterin.  The  ethereal 
solution  is  evaporated ;  the  soda  is  extracted  by  an  acid ;  the  residue  is  dissolved 
in  boiling;  alcohol ;  and  the  solution  is  left  to  cool,  the  oleophosphoric  add  being  then 
deposited.  The  olein  and  cholesterin  still  mixed  with  it  may  be  removed,  though 
not  completely,  by  absolute  alcohoL  Oleophosphoric  acid  thus  obtained  is  gummy, 
generally  yellow,  and  contains  from  1*9  to  2'0  per  cent  phosphorus.  When  burnt  in 
contact  with  the  air,  it  leaves  a  carbonaceous  mass  containing  phosphoric  add.  By 
long  boiling  with  water  or  alcohol,  more  quickly  with  addulated  wat«r,  it  gradually 
loses  its  viscosity,  and  is  converted  into  perfectly  pure  olein,  while  the  lower  stratum 
of  liquid  is  rendered  strongly  add  by  the  phosphoric  add  produced.  The  same  de- 
eomposition  takes  place  ve^  dowly  at  ordinary  temperatures ;  also  at  the  commencement 
of  putrefiiction  of  the  brain.  Fuming  nitric  add  decomposes  oleophosphoric  add  into 
phmphoric  acid  and  a  fatty  add.    Alkalis  in  excess  form  a  phospbate,  an  oleate,  and 
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glyoeriiL  The  acid  is  insolable  in  water,  but  swells  up  slightlj  in  boiling  water, 
with  ammonia,  potash,  and  soda,  it  immediately  forms  soapy  compoonds ;  with  the 
other  bases,  insoluble  salts.  It  is  insoluble  in  cold  absolute  alcohol,  easily  soluble  in 
boiling  alcohol  and  in  ether  (Fr^my,  Ann.  Oh.  Fhys.  [3]  il  474\  The  muscles  of 
Tertebrate  animals,  shaken  up  with  cold  weak  alcohol,  yield  to  that  liquid  a  viscid, 
ambeigris-coloured  substance,  which  dissolyes  but  imp^ectly  in  water,  and  when 
treated  with  sulphuric  acid,  is  resolved  into  sulphate  of  sodium  and  oleophosphoric 
acid.  Oleophosphate  of  sodium  occurs  in  almost  all  P&rts  of  the  animal  body,  its 
quantity  increasing  with  the  age  of  the  animal,  and  differing  in  amount  in  different 
spedes  of  vertebrate  animals.  Fishes  with  white  light  flesh  (such  as  the  whiting, 
Bole,  and  plaice)  contain  but  small  quantities  of  it,  whereas  larger  quantities  are  found 
in  the  herring,  salmon,  mackerel,  salmon  trout>  and  other  fishes  with  firm  fiesh. 
(Valenciennes  and  Fr^mv,  Ann.  Ch.  Fhys.  [3]  1.  172.) 

The  yolk  of  the  eggs  of  cartilaginous  fishes  contains  a  fat  which  is  soluble  in  alcohol 
and  ether,  forms  a  gum  with  water,  and  resembles  oleophosphoric  acid.  Fhosphoretted 
fiits  are  also  found  both  in  the  slightly  developed  and  in  the  ripe  eggs  of  cartilaginous 
fishes.    (Valenciennes  and  Frimy.) 

OUBVaC  AVIMA&B  BXPFBJUZ.  See  Bokb-oil  (i.  625)  and  Difpbl*s  On. 
(ii.  336). 

O&BOIK  JVOOSI8  JLBMULX.  Cod4iver  oil  HtaU  de  foie  de  morue,  Leber" 
tkran  Stockfisch-thran. — ^This  oil  is  obtained  from  the  livers  of  various  species  of 
Gadus.  The  oil  recognised  by  the  London  pharmacopoeia  is  that  obtained  from 
the  common  cod  (Gadus  Morrhua^  formerly  called  Aaelltts  major\  and  the  ling  (&. 
Molva  or  Lota  Molva) :  it  is  received  from  Newfoundland.  England  was  formerly 
supplied  with  the  oil  from  Beigen,  obtained  from  the  livers  of  the  dorse  (  Gadus  eellarius) 
and  coal'fish  (G,  carbonarius).  Fn>m  this  source  Germany  and  the  North  of  Europe 
still  receive  their  supply.  Cod-liver  oil  is  prepared  on  a  small  scale  in  the  Shetland 
isles  and  on  the  English  coast,  chiefiy  from  the  common  cod,  the  ling  and  the  burbot 
{Lota  vulgaris).    {Pereira's  Materia  Medica,  4th  ed.  1857,  ii.  [2]  779.^ 

When  the  livers  of  the  fishes  are  exposed  to  the  sun,  light-colourea  oil  fiows  out  at 
first,  but  after  a  week  or  a  fortnight^  putrefaction  sets  in  and  brown  oil  is  obtained. 
(Harder.) 

a.  Brown  Cod-iiffer  oil.  Dark  brown,  greenish  by  transmitted  light,  transparent  in 
thin  kyers.  Specific  gravity  0*929  at  17*6^  (De  Jongh),  0928  at  16*6°  (Harder); 
has  a  peculiar  (xlour,  disagreeably  empyreumatic  and  bitter,  produces  irritation  in  the 
throaty  and  reddens  litmus  slightly  (De  Jongh).  Does  not  deposit  any  solid  frit  at 
— 13^  (Marder).  Soluble  in  17  to  20  pts.  cold  or  hot  absolute  alcohol  (De  Jongh). 
Dissolves  at  71^  in  1  pt.  alcohol  of  0'846,  forming  a  solution  which  becomes  turbid  at 
62^  and  deposits  the  oil  at  48^.    (Marder.) 

b.  Paler  brown.  Of  the  colour  of  Malaga  wine.  Specific  gravity  0*924 ;  has  a 
peculiar,  not  unpleasant  odour,  fishy  taste,  producing  irritation  in  the  throat,  and 
reddens  litmus  strongly.  Soluble  in  31  to  86  pts.  of  cold  and  13  pts.  of  boilbg 
absolute  alcohol.    (De  Jongh.) 

e.  Paler  and  clearer.  Of  golden  yellow  colour :  specific  gravity  0*923  at  17*6^ 
(De  Jongh),  0*928  at  15*5  (Marder),  reacts  and  tastes  like  6,  but  less  strongly. 
Demeits  a  white  fat  at  —  13°  (Marder).  Soluble  in  40  pts.  cold  and  in  22  to  30  pts. 
boiling  absolute  alcohol  (De  Jongh).  Oil  of  haddock's  liver  has  a  specific  gravity 
of  0-9313  atll^    (Scharling.) 

Cod-liver  oil  consists  chiefly  of  olein  and  margarin,  with  smaller  quantities  of  free 
butyric  acid,  acetic  acid,  constituents  of  the  bile,  gaduin,  and  other  peculiar  substances, 
about  1  per  cent  of  salts,  and  a  small  quantity  of  fr^e  phosphorus  (De  Jongh\  It 
contains  iodme,  bromine,  and  sulphur.  As  volatile  acids,  Wagner  found  butyric  and 
capric  adds;  from  turbid  cod-liver  oil  Luck's  gadinic  acid  (ii.  766)  was  deposited. 
See  analyses  of  cod-liver  oil  by  Marder  (N.  Br.  Arch.  ziii.  153);  De  Jongh 
(Ann.  Fharm.  zlviii.  362);  Riegel  (N.  Br.  Arch.  Izz.  23);  for  Winckler's  views 
respecting  the  oil,  see  J.  pr.  Fharm.  xxv.  140. 

when  a  mixture  of  cod-liver  oil  and  strong  sulphuric  acid  is  heated  with  an  alkali, 
a  pungent  odour  is  evolved,  like  that  of  oil  of  rue;  and  on  distilling  the  mixture  with 
water,  a  small  quantity  of  yellowish  oil  is  collected,  having  ihe  same  odour,  b'ghter 
than  water,  and  boiling  at  100^. 

Cod-liver  oil  treated  with  alcoholic  ammonia,  forms  a  large  quantity  of  amide, 
melting  at  80^  (Carlet).  Rowney  obtained  a  small  quantity  of  amide  melting  at 
93^,  becoming  solid  and  transparent  at  94°,  containing  on  the  average  76*69  per  cent* 
cari>on,  12*99  hydrogen  and  4*35  nitrogen,  and  easily  soluble  in  alcohol. 

Cod-liver  oil  is  mudi  used  in  medicine.  It  has  long  been  a  popular  remedy  for 
rheumatism  and  some  other  complaints,  but  its  use  by  medical  practitioners  is  of  com- 
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paratively  recent  date.    It  is  cbiefl^  prescribed  in  cases  of  rbenmatisni,  serofiila, 
chronic  gout,  skin  affections,  phthisis  and  mesenteric  emaciation.     Its  efficacy  may 

Serhaps  be  due  to  the  bromine  and  iodine  contained  in  it^  though  it  has  often  been 
oubted  whether  it  possesses  any  Tirtues  beyond  those  of  the  fat  oils  in  general. 
For  further  details  respecting  the  composition,  properties  and  uses  of  cod-liTor  oil, 
see  De  Jongh  {Vhuile  aefoie  de  mome  enviaaaie  sous  tons  Us  rapports  comrns  inoyen 
tMrapeutique,  Paris,  1853) ;  respecting  composition  and  properties,  see  also  Gmdin's 
Handbook  (xvi.  323). 


or  Incense.  A  gnm-resin  which  ezndes  from  a  tree,  probably  a 
species  of  Balsamodendron  (order  Terebinthacea)^  growing  in  i^rabia  and  India.  It 
has  been  burnt  from  all  antiquity  in  religious  ceremonies.  It  occnrs  in  oblong  or 
rounded  laminse,  opaque,  of  yellow  or  reddish  colour,  duU  and  waxy  on  the  fractured 
surface.  It  softens  between  the  teeth,  producing  an  aromatic  slightly  rough  taste.  It 
is  but  partially  soluble  in  water  and  alcohol,  melts  with  difficulty  and  imperfectly  when 
heated,  and  bums  with  a  bright  white  flame  on  the  approach  of  a  taper.  According  to 
Braconnot  (Ann.  Ch.  Phys.  [2]  Iviii.  60)  it  contains  66  per  cent,  resin  soluble  in 
alcohol,  30*8  gum  soluble  in  water ;  5*2  residue  insoluble  in  water  and  in  alcohol,  and 
8*0  essential  oil  and  loss.  Hekmejer  (Jahresb.  1858,  p.  482)  found  in  oUbannm  a 
gum  which  appeared  to  be  identical  with  gum-arabic.  According  to  Johnston  {toe, 
cit.)  commercial  olibanum  consists  chiefly  of  an  acid  resin  containing,  on  the  average, 
7*4  per  cent,  carbon  and  9  98  hydrogen,  agreeing  nearly  with  the  formula  C*H"Cy*. 

Stenhouse  (Ann.  Ch.  Pharm.  zxxv.  306),  by  distilling  olibanum  with  water, 
obtained  4  per  cent  of  colourless  volatile  oil,  of  specific  ^vity  0*866  at  20^,  having 
an  odour  like  that  of  oil  of  turpentine,  but  more  agreeable ;  msoluble  in  aqueous  alcohol, 
but  soluble  in  all  proportions  in  ether  and  absolute  alcohol,  and  containing  83*83  per 
cent.  C,  11-27  H,  and  4*90  0. 

OJUBZO  ACXS.  This  name  was  given  by  Yarrentrapp  (Ann.  Ch.  Phaim. 
zzxv.  210)  to  an  acid  obtained  by  the  action  of  melting  potash  on  oleic  acid;  according 
to  Heintz,  this  acid  is  palmitic  acid  (p.  193). 

O&ZOISTZC  IBOW.    Syn.  with  Bbd  Ksmatitb  (iii.  337,  393). 

O&ZOOCXJkSB.    8oda-spodumene,  Natron-spodumen.    A  mineral  of  the  felspar 
group  (iL  618)  occurring  in  granite,  porphyry,  syenite,  serpentine,  basalt  and  trachyte. 
It  forms  triclinie  prisms  in  which   oo',P   :    odP  '  a    about  120^ ;  oP  :  oof  oo     ^ 
93^^  15';  oP  :  ooF  »  115''  37'.    Cleavage  veiy  distinct,  parallel  to  oP  and   ooifao 
Twins  common. 

Hardness  »  6.  Specific  gravity  «  2*58  ~  2*69.  Lustre  vitreonii,  vitreo-pearly 
or  greasy.  Colour,  yellowish,  greyish,  reddish,  greenish- white,  or  white.  Transparent 
to  subtranslucent.  Fracture  oonchoi'dal  to  uneven.  Before  the  blowpipe  it  melts 
quickly  and  more  easily  than  orthodase,  to  a  glass  either  clear  or  enamel>uke.  It  is 
not  acted  upon  by  acids. 

Analyses : — a.  From  Unionville,  Pennsylvania  (  Unionite\  where  it  occum  in  granite 
with  euphyllite  and  corundum:  specific  gravity  2*61  (Smith  and  Brush,  Sill.  Am.  J. 
[2]  XV.  211).— 6.  Reddish  from  old  red  porphyry  (Del esse,  Ann.  Ch.  Phys.  [3] 
V.  14). — c.  From  the  emerald  mines  of  the  Ural,  in  mica-slate:  white;  specific 
gravity  2656  (Jewreinow,  Rammelsberg's  Mineralchemie,  ^.  613). — d»  From  Tve- 
destrand  in  Norway  {8un  stone):  in  gneiss;  specific  gravity  2*656  (Scheerer,Pogg. 
Ann.  Iv.  109. — e.  From  the  diabase  of  Chalanges,  near  Allemont  in  Dauphiny:  milk- 
white  (Lory,  Bull,  g^log.  [2]  vii.  642).—/.  From  Piz  Bosag  in  the  Orisons;  with 
hornblende  in  diorite.  Massive ;  specific  gravity  2*835  (v.  Bath,  Zeitschr.  d.  geolog. 
G^sellsch.  ix.  226,  259).—^.  From  the  lava  of  Lake  Laach:  specific  gravity  2'66. 
(Fouqud,  Compt.  rend.  xix.  46).— A.  From  the  trachyte  of  Teneriffe  :  specific  gpravity 
2*68 — 2*59  (Deville,  loc.  cit.). — i.  From  cavities  in  the  lava  near  HafaeQord  in 
Iceland  {Jiajnefjordite^  lime-oligoclase):  specific  gravity  2729  (Forchhammer,  J. 
pr.  Chem.  xxx.  489). 
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)6t  of  these  analyses,  and  numerous  others  that  have  been  made  of  oligoclase  from 
rious  localities,  may  bo  represented  by  the  general  formula  2M*0.2All*0*.9SiO*,  in 
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whieh  t]i«oz7gen-ratio  of  tlieprotoaddea,  almnina  and  silica  iB  as  1 :  3  :  9  (see  ii  618% 
The  ratio  between  the  lime  and  alkalii  is  somewhat  variable,  but  the  soda  is  for  the 
most  part  predominant  An  isomorphoas  mixture  containing  2(§Na.^a)K).2AU'0'. 
9SiO*  would  contain  63*01  per  cent  silica,  23*55  alumina,  4*24  fime,  and  8*40  soda. 
In  oligodase  from  the  Ural  (e),  and  some  others,  the  proportion  of  alumina  appears  to 
be  considerably  greater ;  this  may  arise  from  loss  of  alkaUs  by  weathering  (or  it  may 
be  due  to  incorrect  detennination  of  the  alkalis^.  The  mineral  from  HafneQord  (t) 
is  remarkable  for  the  large  proportion  of  lime  which  it  contains. 


Breithaupt's  name  for  spathic  iron  (ferrous  carbonate)  from 
EhrenfriederBdorl 


O&ZVB.  Olea  etaropaa, — The  development  of  fatty  matter  and  of  mannite  in  the 
frmt  of  this  tree  has  been  recently  examined  by  De  Luca  (Compt  rend,  liii  880 ; 
It.  470,  506;  Ivii.  520;  Jahresb.  1861,  p.  739;  1862,  p.  505;  1863,  p.  611).  The 
fruit,  which  at  first  weighs  only  a  few  millegrammes,  goes  on  increasing  in  weight  till 
KoTember,  its  weight  when  ripe  being  about  2  grammes ;  the  weight  of  tiie  kernel 
howerer  increases  only  from  its  first  development  till  August,  after  which  it  remains 
stationary.  The  density  of  the  entire  frait^  which  in  its  early  stages  is  about  equal  to 
that  of  water,  increases  to  about  1*04  when  the  fruit  has  become  quite  green ;  and  then 
diminishes  as  the  fruit  ripens,  the  ripest  fruits  having  the  smallest  density  (1*007). 
The  proportion  of  water  in  olives  decreases  from  60 — 70  per  cent,  in  the  earliest  stage 
of  the  fruit  to  25  per  cent,  in  the  ripe  fruit.  Olives  yield  to  sulfide  of  carbon  a 
variety  of  substances  including  colouring  matters,  and  especially  chlorophyll,  the 
quantity  of  which  continually  diminishes  as  the  fruit  ripens.  The  fat,  whicn  is  present 
only  in  small  amount  in  the  young  frxut^  increases  contmuallv  as  the  fruit  grows,  and 
attains  its  maximum  (69*8  per  cent.)  in  the  ripe  fruit  which  has  lost  all  traces  of  ereen 
colouring.  The  increased  development  of  fat  begins  at  the  time  when  the  weight  of 
the  kernel  becomes  stationary.  The  formation  of  fat  is  accelerated  by  the  action  of 
air  and  light. 

The  green  substance  of  the  leaves  and  fruit  of  the  olive-tree  is  always  accompanied 
by  mannite,  which  indeed  is  present  in  all  parts  of  the  tree.  The  leaves  contain  at 
first  but  a  small  quantity  of  mannite :  it  increases  as  they  grow,  but  diminishes  at 
flowering  timev  and  disappears  altogether  as  the  leaves  turn  yellow  and  fall.  The 
flowers  also  contain  a  considerable  quantity  of  mannite;  but  those  which  fall  oflT  after 
iopregnatioii  contain  not  a  trace  of  it  Olives  when  scarcely  formed  are  rich  in  man- 
nite ;  the  proportion  of  this  substance  diminishes  however  as  the  fruit  grows  ;  and  in 
ripe  olives,  no  longer  green,  but  containing  the  maximum  of  fat|  it  is  altogether 
absent 

Olives,  especially  in  the  green  state,  contain,  together  with  mannite,  a  peculiar  bitter 
substance,  easily  soluble  in  water,  less  so  in  alcohol. 

HKIVa  OlZto  This  fat  ^il  is  eadiaeted  from  the  fleshy  portion  or  pericarp  of  the 
fruit  of  the  olive.  Several  qualities  of  it  are  found  in  commerces  The  best  called  virgin 
oil,  which  has  an  agreeable  odour  and  is  used  for  culinary  purposes,  is  obtained  m>m 
fresh  olives  by  pressure.  The  oil  of  second  quality,  which  is  more  apt  to  turn  rancid 
than  the  precedinff,  in  consequence  of  the  mucilaginous  particles  with  which  it  is  mixed, 
IS  prepared  from  the  pidp  of  olives  firom  which  the  virgin  oil  has  been  expressed,  by  ma- 
cerating it  in  boiling  water,  and  pressing  it  apain.  This  oil,  called  ordinary  oil  {huile 
toumanU\  is  chieflv  used  for  oiling  goo<u  which  are  to  be  dyed  with  Turkey  red.  A 
third  and  still  inferior  quality  of  oil,  unfit  for  culinary  purposes,  is  obtained  either  by 
pressing  the  olives  a  second  time  with  water,  or  by  the  use  of  inferior  olives.  Lsstly, 
a  vexy  crude  oil  called  infernal  oU  (huile  cCei\fer)  is  obtained  from  the  water  which 
has  been  used  in  pressing  the  olives,  and  still  contains  some  of  the  oil  in  suspension^ 
by  leaving  it  to  repose  in  cisterns  called  enfers.  The  inferior  kinds  of  olive  oil  are 
used  chiefly  for  burning,  in  the  manufacture  of  doth,  and  in  soap-making. 

Pure  olive  oil  has  a  pale  yellow  colour,  an  agreeable  taste,  and  a  very  faint  odour. 
Aceordmg  to  Saussure,  its  specific  gravity  is  0*9192  at  12<>,  0*9109  at  25^,  0*8392  at 
50^,  and  0*8624  at  94°,  that  of  water  at  15°  being  equal  to  unity ;  according  to  Pobl, 
it  is  0*91635'  at  17'5°  compared  with  water  at  the  same  temperature.  It  boils  at  315° 
(Saussure).  The  cold-prepared  oil  contains  77*36  per  cent  carbon,  11*45  hydrogen, 
and  11*29  oxygen.    rLefort) 

Olive  oil  is  resolvea  by  saponification  into  glroerin  and  fatty  acids,  which,  according 
to  the  older  statements  of  Chevreul,  and  ofJPelouze  and  Boudet,  consists  of  mar- 
garic  and  oleic  adds;  according  to  Collett  (J.  pr.  Chem.  Ixiv.  108)  of  palmitic  and 
oldc  adds ;  according  to  Hein  ts  and  Krug  {ibid.  Ixx.  367)  of  oleics  piumitic,  bu£ic^ 
and  perhaps  also  stearic  add.  According  toBenecke  (Siudicn,  p.  108)  olive  oil  con- 
tains diolesterin. 
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Olire  o3  solidifies  at  temperatures  abore  0^  C,  often  at  10^,  small  granules  sepa- 
rating out ;  by  cooling  and  pressure  it  may  be  resolved  into  a  permanently  fluid,  and  % 
solidiflable  portion  eaUed  olive-oil  tallow,  orbyPelouze  and  ^oudet,  oleo-maroarin  ; 
it  melts  at  22^ — 28^.    The  permanently  fluid  portion  of  olive  oil  consists  of  triolein. 

Olive- oil  treated  with  moist  chlorine  and  bromine  yields  substitution  products.  The 
chlorinated  oil  is  colourless,  and  of  the  consistence  of  castor-oil,  of  specific  gravity 
1*078  at  l0°,  and  contains  20*47— 21'01  per  cent,  chlorine.  The  hrominatcd  ou  is  of 
the  same  consistence,  but  has  a  yellowish  tint:  specific  gravity  1*276  at  9*5° ;  contains 
36*48—36*87  per  cent,  bromine.    (Lefort.) 

For  further  detaib  on  the  reactions  of  olive  oil,  see  Gmelin^s  Handbook^  vol.  zvii. 
under  Triolein,  Kespecting  the  method  of  detecting  adulterations  of  olive  oil,  see 
Oils,  p.  181. 

O&lVSmTB.  Prismatic  Arsenate  of  copper.  Pharmacochalxnte.  OHvenerz. — 
A  cupric  phospbato-arsenate,  occurring,  sometimes  in  long  rhombic  prisms  or  needles, 
sometimes  in  spherical  or  ovoid  aggregations  resembling  malachite ;  sometimes  fibrous, 
forming  the  variety  called  wood-arsenate  {Holekupferere).  Hardness  »  3.  Specific 
gravity  a  4*1 — 4*4;  of  the  wood-arsenate  3*913.  Lustre  adamantine  to  vitreous. 
Colour  olive-green,  or  sometimes  brown.  Streak  olive-green  to  brown.  Subtransparent 
or  opaque.     Fracture,  when  observable,  concho'idal  or  uneven.    Brittle. 

The  principal  localities  of  the  mineral  are  the  Redruth  and  other  mines  in  Cornwall ; 
it  is  also  found  on  Alston  Moor  in  Cumberland ;  at  Camsdorf  and  Saalfield  in  Thur- 
ingia  ;  in  the  Tyrol,  the  Bannat,  Siberia,  Chile,  and  other  places. 

The  following  analyses  are  of  specimens  fix>m  the  Cornish  mines  (Eammelsberg^s 

Mincralchemief  p.  374) : 

CrifttalUsed. 


Arsenic  Anhydride 
Phosphoric  Anhydride 
Cupric  Oxide         .  ' 
Ferrous  Oxide 
Water 


Richard- 
■on. 

39*85 
5is*4*2 


Kobell. 

86*71 

3*36 

56*43 


Hermaon. 

33-50 

5*96 

56*38 


Diimoar. 

34*87 

3*43 

56*86 


8*78 


3*60 


416 


8*72 


P&rmu, 

Henntnii.( 

40*50 
1*00 

51*03 
3*64 
3*83 


100-00       10000       10000        98-88       100*00 


The  analyses  lead  to  the  formula  4Cu«0.(A8 ;  P)«0*.H»0  or  Ccu»(Aij ;  P)»0» 
CcuH^O^  which,  if  the  number  of  atoms  of  arsenic  be  supposed  to  be  six  times  as  great 
as  that  of  the  phosphorus  atoms,  will  give  35*70  per  cent.  As*0*,  3*69  P^O*,  57*40  CuK), 
and  3-21  H*0. 

Olivenite  is  homoeomorphous  with  libethejiite  from  Hungary,  Ccu*P'0".Ccu''fl*0'. 

O&TVXiroZB.  Shepard*s  name  for  a  mineral  resembling  olivin^  which  he  sup- 
poses to  exist  in  certain  meteorites. 

O&ZVn.  C"H"»0\  (Pelletier,Ann.Ch-Phy8.[2]iii.  106;  li.  196.  Sobrero,J. 
Pharm.  [3]  iii.  286). — A  neutral  substance  occurring  together  with  resin  and  a  little 
benzoic  acid  in  the  gum  of  the  olive-tree.  To  obtain  it.,  the  finely  powdered  gum  is 
digested  with  ether  to  remove  the  resin,  and  the  residue  is  boiled  with  alcohol.  The 
quickly-filtered  solution  solidifies  to  a  crystalline  mass,  which  is  purified  by  washing 
with  cold  alcohol  and  re-crystallising  from  a  boiling  alcoholic  solution.  (Pelletier, 
Sobrero.) 

Olivil  separates  fW)m  absolute  alcohol  in  colourless  anhydrous  crystals,  which  are  in- 
odorous, and  have  a  bitter-sweet,  somewhat  aromatic  taste.  At  118° — 120°  it  melts 
without  loss  of  weight  to  a  transparent  liquid,  which  solidifies,  on  cooling,  to  a  colour- 
less or  yellowiBh  transparent  resin,  which  cracks,  and,  when  powdered,  becomes  electric ; 
heattd  to  70'^,  it  again  becomes  fiuid,  but  crystallises  from  alcohol  in  its  original 
Stat  A.  It  is  very  soluble  in  water,  especially  at  the  boiling  heat;  it  dissolves  in  all  pro- 
portions in  boiling  alcohol,  and  in  small  quantity  in  ether  and  in  ot/«. 

Anhydrous  oliril  contains,  according  to  the  mean  of  Sobrero's  analyses,  61*01  per 
cent,  carbon,  and  708  hydrogen;  the  formula  C'*H"0*  requires  61*09  carbon,  6*9  hy- 
drogen, and  3201  oxy;;en.  Olivil  crystallises  from  water  in  colourless  transparent 
prisms,  containing  C'*H'*0*.H*0  or  6*33  per  cent  water,  half  of  which  they  give  off 
when  dried  in  a  vacuum  and  the  whole  when  melted. 

Dtcoinpositmia. — Olivil  subjected  to  dry  distillation  melts  and  puffs  up,  giving  off 
water  (acetic  acid  according  to  Pelletier)  and  pyrolivilic  acid,  whilst  a  black  pasty 
mass,  partially  soluble  in  alcohol,  remains  behind.  By  prolonged  heating,  other  vol- 
atile products,  differing  from  pyrolivilic  acid,  are  obtained,  till  at  last  charcoal  remains 
^Sobrero), — 2.  It  burns  with  a  white  flame,  and  leaves  a  laige  quantity  of  porous  char- 
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eoal. — S.  CUorifi^,  paased  into  aqueous  olivil,  throwB  down  brovn  flakes  oontaininff  chlo- 
rine, which  are  afterwaids  decomposed,  with  evolution  of  carbonic  anhydride — 4.  Strong 
tuipkuric  add  colours  oliril  blood-red,  and  then  carbonises  it;  fh>m  a  moderately 
dilute  aqnfions  solution  of  olivil  it  precipitates  olivirntin. — 6.  Dxy  oliril  absorbs 
kydroekUric  acid  gas,  becoming  transparent  and  green,  and,  on  hf'-ating,  is  oonrerted 
into  olirirutin  (p.  202). — 6.  Strong  nitric  add  attacks  it  riolently,  with  abundant  evo- 
lution of  nitric  peroxide.  With  nitric  add  diluted  with  its  own  Yolume  of  water,*it  forms 
a  deep  red-yeUow  solution,  which,  when  heated,  becomes  nearly  colourless,  erolving 
scarcely  any  red  fumes,  but  much  hydrocyanic  acid,  and  contains,  after  the  reaction,  a 
liuse  quantity  of  oxalic  acid. — ^Veiy  weak  nitric  acid  colours  aqueous  olivil  reddish- 
Telu>w. — 7.  A  solution  of  olivil  in  caustic  potash  assumes  a  yellowish-green,  afterwards  a 
brown  colour,  more  especially  on  exposure  to  the  air. — 8.  Chromic  acid  and  dichromate 
of  potassium  precipitate  aqueous  obvil  in  brown  flakes,  which  soon  become  green  and 
ennulated,  and  appear  to  consist  of  the  chromium-salt  of  an  acid  formed  by  the  oxi- 
dation of  olivil.  1^0  gas  is  evolved  in  the  reaction. — 9.  Peroxide  of  lead  is  decolorised 
by  boiling  with  aqueous  olivil,  without  evolution  of  eas,  and,  after  some  days'  boiling, 
is  converted  into  a  light  powder  containing  oxide  of  kad  and  a  resinous  oxidation-pro- 
duct of  olivil. — 10.  Aqueous  olivil  colours  sulphate  of  copper,  on  boiling,  pale-green  ; 
it  immediately  reduces  gold  and  silver-salts.     (Sobrero.) 

LBod^salt  of  (Hidl.  On  adding  ammonia  to  a  solution  of  nitrate  of  lead  containing 
a  large  excess  of  olivil,  a  white  precipitate  is  formed  containing  34*4  per  cent  carbon, 
3*4 — 8*7  hydrogen,  and  45*2---46'0  lead-oxide,  agreeing  nearly  with  the  formula 
C»*H'K)»J>pb''0. 

O&ZVZV.  Chrysolite,  Boltonite,  Forsterite,  Glinhiie,  Hyalosiderite,  Peridote.^ 
A  silicate  of  iron  and  magnesium  2(Mg;  Fe)<O.SiO*  or  (Mmg";  Ffe'')^iO«,  occurring 
sometimes  in  transparent  crystals  (chrysolite),  but  more  usually  in  imbedded  masses  or 
ffrains,  in  lava  and  basalt,  and  in  many  meteorites  (iii.  977).  The  crystals  are  trimetric, 
having  the  ratio  of  the  axes  a:  b:  c  —  0*466 :  1 :  0*5867.  Angle  ooP  :  eeP  «» 
49*68  ;  00^2  :  oot2  -  86*0*>;  Poo  :  f«>  (basal)  =  60°  48';  2Pqo  :  2f«>  (basal)  - 
990  7';  I»oo  :  I>oo  (basal)  -  l(f3°6'.  They  are  usually  short  prisins  formed  by  the 
veiticsJ  prismatic  faces  above  mentioned  and  the  faces  odPoo  ana  ooPoo  ;  the  ends  are 
bevelled  with  one  or  more  of  the  above-mentioned  domes,  or  terminated  by  the  basal 
£u»  oP,  the  latter  however  seldom  predominating.  Cleavage  tolerably  easy  parallel  to 
oef  00  (Kopp's  KrystaUographie),  Hardness  »  6*7.  Specific  gravity  ^  3*33 — 3^5. 
Lustre  ritreous.  Colour  green,  commonly  olive-green,  sometimes  brownish ;  black  in 
some  highly  ferruginous  varieties ;  rarely  white.  Streak  uncoloured.  Transparent. 
Fracture  conchoidaL 

Olivin  rich  in  iron  melts  before  the  blowpipe  to  a  black  magnetic  bead,  but  the  varie- 
ties containing  but  little  iron  are  infusible.  Olirins  are  decomposed  by  hydrochloric 
acid,  the  iron  oUvins  also  more  easily  than  the  others.  According  to  v.  Kobell,  olivin 
forms  a  jelly  with  sulphuric  acid. 

Analyses:  a.  ^(i>r«^m^from  Somma:  white,  crystallised;  specific  gravity  3*243; 
slowly  gelatinising  with  silica  (Kammelsberg,  Mineralchemie,  p.  437 ). — h,  Boltonits 
from  Bolton,  Maasachnssetts :  |;reenish-yellow ;  specific  gravity  3*328  (Smith,  Sill. 
Am.  J.  [3]  xviii.  372). — e.  Grains  firam  the  Thjorslava,  Hecla :  specific  gravity  3*226 
(Oenth^  Ann.  Ch.  Pharm.  Ixvi.  20). — d.  Chrysolite,  from  the  East  (Strom eyer, 
Pogg.  Ann.  iv.  193V--tf.  From  the  fumarole  of  Mascala,  Etna:  crystallised;  specific 
gravity  3*334  ^v.  Waltershausen,  Vidkamsche  Gesteine,  p.  117).—/.  From 
Petsdian  in  Bonemia,  in  basalt  (Rammelsberg). — g.  From  the  Pallas  meteorite 
(Stromejrer,  he.  cit.y^'h.  From  the  meteoric  iron  of  Atacama  (Schmid,  Po^g. 
Ann.  Ixxxiv.  601). — ft.  From  Tissersk  in  the  Ural,  in  mica-slato;  specific  gravity 
3-39 — 3*43  (Hermann,  J.  pr.  Chem.  xlvi.  222). 
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0^3 

0-33 

0-31 

8-35 
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•  • 

0*15 

Alumina 

«             •    • 

0*18 

•  • 

0-n 

0-64 

0-88 

0*18 

Lrfm  b  J  Ignitloii  . 

*             •    • 

1«> 

9804       98*39      100*00       99*67      100*00       99*85       98*61       99-10      100*37 

These  analyses  and  numerous  others  of  olivin  irom  various  localities  may  be  repre- 
sented by  the  general  formula  above  given,  the  magnesium  and  iron  replacing  each 
other  isomorphously.  For  other  analyses  see  Bammelsberg's  Mineralchemie,  pp.  437^ 
441 ;  and  iurther,  Jahresb.  1861,  p.  987 ;  1862,  727 ;  1863,  p.  803. 

HyaUmdsriU  (iii.  177)  may  be  reguded  as  an  oUvin,  (iFfe".iMmg^*SiO«,  having 
part  of  the  silica  replaced  by  alumina. 
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Eulf/Mte-oHvin,  from  the  gneiss  of  Tnnabetg  in  Sweden  (iL  606X  contains  29*34  per 
cent,  nliea,  3*04  magnestft,  54*71  ferrous  oxiae,  8*39  manganoos  ozide»  3*07  lime,  and 
1'21  alumina,  and  may  be  represented  by  the  formula  (4]Blmn.««Mmg.J^Cea.}Ffe.)' 
SiO*  or  (iMmn.JMmg.JCca)«8iO*  +  3Ffe^0« 

Bamour  (Ann.  Min.  [4]  viii.  90)  describes  as  titanifezons  olirin  a  ma^- 
sive  red-brown  mineral  from  the  mica-slate  of  Pfunders  in  the  Tyrol,  having  a  spedfle 
grayity  of  3*25,  and  containing  (mean  of  two  analyses)  36*58  per  cent,  silica,  4*40 
titanic  anhydride,  49*89  magnesia,  6*10  ferrous  oxide,  0*60  manganons  oxide,  and  1*73 
wat«r. 


A  red  substance  produced  by  the  action  of  sulphuric  or  hydro- 
chloric acid  on  oliyil.  It  is  precipitated  on  pouring  strone  sulphuric  acid  into  a 
concentrated  solution  of  olivil,  in  red  flocks,  which  ultimately  dissolve  in  the  add,  but 
are  reprecipitated  by  water.  It  dissolves  in  ammonia  with  flne  violet  colour ;  also  in 
alcohol,  whence  it  is  precipitated  by  water.  It  contains  from  68*0  to  69*1  per  cent, 
carbon,  and  5*9  to  6*4  hydrogen,  and  according  to  Sobrero,  differs  from  olim  by  the 
elements  of  water.  The  alcoholic  solution  predpitates  basic  acetate  of  lead,  and  after 
addition  of  ammonia,  likewise  barium-  and  caldum-salts ;  it  predpitates  cuprie  acetate 
after  some  time. 


L  A  bitter  substance  obtained  by  Landerer  from  unripe  olives,  by  ex- 
traction with  dilute  hydrochloric  or  sulphuric  acid  and  predpitation  with  water.  It 
dissolves  in  alcohol,  and  separates,  after  concentration,  in  oitter  neutral  crystals,  insolu- 
ble in  water,  but  soluble  in  dilute  adds.  The  same  substance  appears  to  have  been 
obtained  from  the  leaves  of  the  olive  tree  by  a  different  process.  (Handw.  d.  Chem.  r. 
696.— Gm.  xvi.  197.) 

omcmnXf  OSUSa  of.  a  substance  oontained,  according  to  Scharling 
(Ann.  Ch.  Pharm.  xlii.  266),  in  the  ethereal  extnust  of  urine  (t/ux/M).  It  isof  rednona 
consistence,  melta  in  boiling  water  to  a  yellowish  oil,  and  dissolves  in  alcohol,  ether 
and  alkalis.  Chlorine  converts  it  into  a  substance  said  to  have  the  oompodtion  of  chloride 
of  salicyl,  C'H»0«CL 

oaCFBAUTB.  A  foliated  leek-green  variety  of  augite,  having  nearly  the  com- 
position of  diopside,  but  with  rather  more  iron.  Spedfic  gravity  3*28 — 3*3.  It 
accompanies  granular  garnet  on  the  Sau  Alp ;  occurs  also  in  Carinthia  and  near  Hof 
in  Bayreuth,  with  the  smaragdite  variety  of  hornblende,  which  it  much  resembles. 

OnCilTB.    Gothite  from  Lake  On^ga. 

OWXOSZir.  An  argillaceous  mineral  from  the  Salzburg  Alps,  oceumnginronnd- 
ish  pieces,  having  an  apple-green  colour,  sometimes  greyish  or  brownish,  with  weak 
greasy  lustre  ;  translucent.  Hardness  «  2.  Specific  gravity  »  2*8.  Fracture  fine- 
splintery.  Fuses  with  intumescence  before  the  blowpipe  to  a  white  blebby  glass. 
&)luble  in  sulphuric,  insoluble  in  hydrochloric  acid.  Contains  52*52  per  cent,  silica, 
30*88  alumina,  3*82  ferrous  oxide,  6*38  potash,  and  4*60  water,  (v.  Kob ell,  J.  pr.  Chem. 
ii.  295.) 

A  mineral  from  the  Ochsenkopf  near  Schwarzenbeig,  usually  regarded  as  an  agal- 
matolite,  and  found  b^  John  (Ann.  Phil.  iv.  214)  to  contain  55  per  cent,  silica,  30 
alumina,  1  ferric  oxide,  1*75  lime,  6*25  potash,  and  5*5  water,  l^longs  properly  to 
onkosin.     (Scheerer.) 

OVOCBBZV.  C"H*^?  (Hlasi wetz,  J.  pr.  Chem.  Ixv.  142.)— A  crystallisable 
substance  contained,  together  with  ononin,  in  the  root  of  Ononis  spinosOf  and  separating 
from  the  concentrated  alcoholic  decoction  in  strongly  coloured  crystals,  which  may  be 
purified  by  pressure,  washing  with  cold  alcohol,  and  recrystaUisation  from  boiling 
alcohol,  with  aid  of  animal  charcoal  It  forms  interlaced  capillary  crystals,  insoluble 
in  water,  sparingly  soluble  in  ether,  perfectly  soluble  in  boiling  aicokol  and  in  warm 
oU  of  turpentine;  melts  to  a  colourless  liquid,  which  solidifies  to  a  crystalline  mass, 
and  is  not  altered  by  boiling  with  hydrochloric  acid,  or  with  potash-ley.  Chlorine  at 
100°,  converts  it  into  chloronocerin,  C"H'*CPO,  a  resinous  substance,  insoluble  in 
water  and  in  alcohol,  easily  soluble  in  ether. 

OVOrBZra.    Native  selenio-sulphide  of  mercury  (iii.  912). 

OiroiraTar.  C«H««0".  (Hlasiwetz,  loc.  eit.y-^A  substance  produced, 
together  with  glucose,  by  the  action  of  dilute  acids  on  onospin  (p.  203) : 

C"H*K)«    =     C«H<K)"    +    20H»K)*; 

also  by  boiling  formonetin  (iL  695)  with  baiyta-water : 

C^^H'K)**    +    4H«0     =     2CH«0«    +    C«H*«0»« 

Formonetin.  Formic  OnonetiB* 

ftcid. 
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To  prepane  it,  onospin  is  boiled  with  about  ten  times  its  weight  of  water,  and  sal- 
phuricacid  is  added  drop  by  drop  till  the  solution  becomes  turbid.  On  continuing  the 
Doilinc,  the  ononetin  collects  at  the  bottom  in  a  fused  mass  which  becomes  crystalline 
on  cooling,  and  may  be  purified  by  recxystallisation  from  strong  alcohol. 

Ononetin  forms  long,  colourless,  brittle  prisms,  grouped  in  stars  or  bundles,  nearly 
insoluble  in  UHiter,  soluble  in  alcoholf  slightly  soluble  in  warm  ether,  more  soluble 
in  alkaUs.  It  gives  off  1*86  per  cent  water  at  100°,  melts  at  120°,  and  solidifies  in 
a  radiate  mass  on  cooling ;  it  cannot  be  volatilised.  Ita  solution  does  not  precipitat.6 
any  metallic  salt,  except  b<i8ie  acetate  of  had.  It  is  coloured  red  by  strong  sulphuric 
add  and  peroxide  of  manganeee,  deep  red  by  ferric  chloride.  When  heated  with 
nitric  aeidj  it  melta  like  a  resin,  and  oxidises,  emitting  a  very  irritating  odour;  the  solu- 
Hon  contains  oxalic  acid,  and  apparently  picric  and  oxipicnc  acids.*  The  ammoniacal 
Bolntion,  when  exposed  to  the  air,  acquires  a  fine  deep  green  colour,  and  hydrochloric 
acid  then  throws  aown  from  it  &  dark  red  resinous  substance  soluble  in  alcohol. 


L  This  name  was  given  by  Beinsch  (Bepert  Phaim.  [2]  xxvi.  12) 
to  a  substance  resembling  glycyrrhizin,  which  he  obtained  from  the  aqueous  decoc- 
tion of  the  root  of  Ononis  spinosa  by  precipitation  with  sulphuric  add.  Hlasiwetz 
however  found  the  substance  thus  obtained  to  be  of  variable  composition,  and  is  of 
opinion  that  the  root  contains  true  glycyirhizin,  which  gradually  becomes  altered  by 
oxidation. 


OiWOmWm  C"H^^. — A  substance  existing  in  the  root  of  Ononis  spinosa  ;  diar 
oorered  by  Reinsch  {loc.  cit.\  further  investigated  by  Hlasiwetz  (Wien.  Acad.  Ber. 
XV.  142).  It  is  prepared  by  precipitating  the  clarified  aqueous  decoction  of  the  root 
with  a  slight  excess  of  basic  acetate  of  lea^  decomposing  the  precipitate  with  sulphydric 
acid,  and  treating  the  washed  and  dried  sulphide  of  lead  several  times  with  boiling 
alcohol  The  alcoholic  liquors  freed  from  alcohol  by  distillation,  and  left  to  evaporate, 
di'posit  the  ononin  in  crystalline  nodules,  which  may  be  freed  from  adhering  brown 
resin  by  treatment  with  alcohol.    (Hlasiwetz.) 

Pure  ononin  forms  colourless  needles  or  scales,  tasteless,  inodorous,  insoluble  in 
cold  water,  sparingly  soluble  in  boiling  water,  more  soluble  in  boiling  alcohoU  nearly 
insoluble  in  ether.  It  melts  and  turns  brown  at  236°.  .Contains  according  to 
Hlasiwetz,  58*28 — 61*75  per  cent,  carbon,  and  5*45 — 5*68  hydrogen;  the  formula 
above  given  requires  59*80  carbon,  5*46  hydrogen,  and  34*74  oxygen. 

The  alcoholic  solution  of  ononin  does  not  precipitate  any  metallic  salts  except  basic 
acetate  of  lead,  with  which  it  forms  white  flocks.  It  is  not  coloured  by  ferric  chloride, 
or  by  chtorine-toater.  It  is  dissolved  at  the  boiling  heat  by  caustic  potash,  and  more 
aaaily  by  baryta-toater,  yielding  a  formate  and  onospin: 


C«H-0" 

+ 

2H«0 

» 

C*H"0» 

+ 

2CH«0» 

Ononin. 

Onocpin. 

Formic 
acid. 

Strong  sulphuric  acid  dissolves  it,  forming  a  reddiah-yellow  solution  which  becomes 
cheny-red  after  some  time,  and  immediately  assumes  a  fine  crimson  colour  on  addition 
of  a  few  grains  of  manganic  peroxide.  Hydrochloric  acid  and  dUuU  sulphuric  acid 
dissolve  ononin  with  aid  of  heat,  yielding  formonetin  and  glucose : 

C«H«K)«'     -     C*«H*«0"    +    2C«H'*0«    +    2H»0. 

Boiling  nitric  add  dissolves  it,  with  deep  yellow  colour,  producing  oxalic  acid. 
(Hlasiwetz.) 

OVOarzs.  The  root  of  the  spinous  rest-harrow  (Ononis spinosa)  contains,  accord- 
ioe  to  Hlasiwetz,  two  crystallisable  substances,  ononin  and  onoceiin,  a  substance 
alHed  to  elycyrrhizin,  and  citric  acid,  besides  the  constituents  common  to  all  plantd. 

The  ash  of  the  root  was  found  by  Bukeisen  (Jahresb.  1855,  p.  717),  to  contain 
15*76  per  cent,  potash,  3*78  soda,  2*09  chloride  of  sodium,  20*87  lime,  13*37  magnesia, 
4*29  ferrous  oxioe  with  trace  of  manganese,  4*85  silica,  7*93  phosphoric  uihydride,  8*88 
Bolphuric  anhydride,  8*60  carbonic  anhydride,  with  12*60  pand  and  charooaL 

Ovoorav.  C^H^O**.  (Hlasiwetz,  loc,  ct7.)— A  substance  produced,  together 
with  formie  add,  by  boiling  ononin  with  baryta-water.  After  all  the  ononin  is 
dissolved,  a  stream  of  carbonic  add  gas  is  passed  into  the  liouid,  and  the  predpitate  is 
waahed  with  cold  and  digested  in  boiling  water,  which  dissolves  the  onospin,  and 
deposits  it  on  cooling  as  a  white  interlaced  crystaUine  mass.  It  is  insoluble  m  ether, 
but  eanly  soluble  in  alcohol.  It  dissolves  also  in  alkalis,  and  is  precipitated  by  acids. 
It  melts  at  162°,  and  solidifies  to  an  amorphous  mass  on  cooling ;  may  be  heated  to 
200^  without  decomposition  ;  yields  a  slight  sublimate  when  helped  in  a  tube.  It  is 
coloured  dark  carmine-red  by  sulphuric  acid  and  manganic  peroxide.  Its  aqueous  or 
aieobolic  solution  gives  a  dark  cheiry-red  colour  with  ferric  chloride.    When  heated 
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with  hydrochloric  or  dilute  stdphurie  acid,  it  is  resolved  into  f^neose  and  ononetin 
(p.  208). 

OWTX.  A  ehalcedonic  yarietj  of  quartz,  resembling  agate,  but  baying  tbe  coloozs 
— usually  a  ligbt  clear  brown  and  an  opaque  white — arranged  in  flat  horizontal  planes. 
When  the  layers  consist  of  sard  and  white  chalcedony,  the  stone  is  called  sardonyx. 

OOXiXTS  (from  n6v  an  egg). — ^A  lime-stone  rock  consisting  of  minute  spherical 
grains  resembling  the  roe  of  a  fish.  In  some  oolites  the  individual  grains  are  formed 
of  concentric  layers  enclosing  a  nucleus  of  some  foreign  substance ;  in  the  oolite  of 
the  Karlsbad  springs,  for  example,  this  nucleus  usually  consists  of  granite. 

OOBira.  A  mineral  resembling  pinite  from  the  ^rphyiy  of  Oos  ii^ar  Geroldsan  in 
Baden.  Nessler  (Jahresb.  1861,  p.  1008)  found  in  oosite  from  Ghmzenbach  and 
Selighofen,  5869  siUca,  2'289  alumina,  4-09  ferrous  (->  4*54  ferric)  oxide^  0*22 
magnesia,  4'94  potash,  1*14  soda  and  5'11  water  («  100*27). 

OF  All.  Native  amorphous  hydrated  silica^  occurring  in  masses  having  a  conchoidal 
fracture,  vitreous  lustre  sometimes  inclining  to  resinous  or  pearly,  and  white,  yellow, 
brown,  green,  or  grey  colour  according  to  the  foreign  substances  pr^^sent,  sometimes 
exhibiting  a  rich  play  of  colours,  or  different  colours  by  refracted  and  reflected  light. 
Hardness  —  6*5—6*6.  Specific  gravity  »-  1*9 — ^2*3.  It  appears  to  be  a  mixture  of 
several  hydrates  of  silica  and  various  adventitious  substances,  such  as  ferric  oxide, 
alumina,  magnesia,  alkalis,  &c ;  the  proportion  of  silica  varying  from  73  to  96  per 
cent.,  and  that  of  water  from  3  to  12  per  cent.  Pulverised  opal,  like  artificiiUlj 
prepared  amorphous  silica,  dissolves  in  hot  potash-ley,  a  character  by  which  it  is 
distinguished  from  quartz  (crystallised  silica).  Opal  is  infusible  before  the  blow- 
pipe, but  gives  off  water  and  becomes  opaque.  Some  varieties  containing  iron  turn 
red. 

The  following  varieties  of  opal  are  distinguished  according  to  their  colour  and  other 
physical  properties. — 1.  Precious  or  noble  opal:  generally  white  or  colourless,  and  ex- 
hibiting a  rich  play  of  colours,  green,  red,  blue,  and  yellow  of  various  shades.  When 
large  and  exhibiting  its  iridescence  in  perfection,  it  is  a  very  valuable  gem.  It  occurs 
in  porphyry  at  Czemewitza  near  Easbau  in  Hungary,  at  Frankfort,  and  at  Gracias  4 
Dios  in  Honduras. — 2.  Fire  opal  or  Girasol :  a  transparent  opal  coloured  hyacinth-red 
to  honey-  and  wine- yellow  by  ferric  oxide,  sometimes  with  blue  and  yellow  shades  ; 
occurs  at  Zimapan  in  Mexico  and  in  the  Faroe  islands. — 3.  Common  opal :  of  various 
colours,  but  only  translucent  or  semi-transparent  and  without  iridescence ;  abundant  in 
Hungary,  the  Faroe  islands,  Iceland,  the  Giant's  Causeway,  and  the  Hebrides :  found 
also  near  Smyrna. — 4.  Hyalite :  mostly  quite  transparent  and  colourless,  or  enamel -like, 
but  neither  bright-coloured  nor  iridescent;  occurs  in  amygdaloid  at  Schemnitz  in 
Hungary,  and  in  clinkstone  at  Waltzsch  in  Bohemia ;  also  in  several  localities  in  the 
United  States. — 6.  Semi-opal:  generally  translucent  at  the  edges  onlv,  and  with  a 
waxy,  not  glassy  lustre ;  round  near  Hanau. — 6.  Wood-opal  is  a  semi-opal  having  a 
peculiar  ligneous  structure,  produced  in  fact  by  the  silicatisation  of  fossil  wood ;  it 
forms  large  trees  in  the  pumice  conglomerates  of  Saiba  near  Neusohl  and  Kremnitz  in 
Hungary,  in  Faroe,  near  Hobart  Town  in  Tasmania,  and  other  trap-countries.  The 
following  varieties  occur  as  concretions  or  coatings. — 7.  Menilite:  brown  opaque 
compact  reniform  masses,  imbedded  in  adhesive  slate  at  Menil  Montant  near  Paris. — 
8.  Cacholong :  nearly  opaque,  of  porcelain  or  bluish-white  colour ;  adheres  to  the  tonrae, 
contains  a  small  quantity  of  alumina  with  3*6  per  cent,  water ;  it  is  closely  allied  to 
hydrophane,  and  often  associated  with  it ;  occurs  in  loose  masses  in  the  river  Cach  in 
Bncharia. — 9.  Opal-jasper  is  a  variety  containing  several  per  cent  of  iron. — 10.  Silidaus 
sinter  is  a  loose  silicious  aggregate  deposited  by  the  Geysers  of  Iceland,  where  it 
presents  porous,  stalactitic,  fibrous,  cauliflower-like,  and  occasionally  compact  concre- 
tions, cailed  g^sertte  by  Damour. — 11.  Pearl-sinter  or  Fiorite  occurs  in  the  cavities  of 
volcanic  tufa,  in  smooth,  shining,  globular  and  botiyo'idal  masses,  having  a  pearly  lustre. 
— 12.  Michaelite,  from  the  island  of  St.  Michael  in  the  Azores,  is  a  white  pearly  variety; 
specific  gravity  1*88. — 13.  Alumocalcite  is  an  impure  opal  of  a  bluish  milk-white 
colour  containing  6  per  cent.  lime. — 14.  Some,  if  not  all  the  silicious  deposits  formed  of 
infusorial  remains  also  consist  of  amorphous  soluble  silica  (some,  however,  likewise 
contain  quartz).  Randanite  (silice  gilaiineuse\  occurring  as  a  fine  earth  or  in  com- 
pact earthy  masses  at  Cessat  near  Pont  Gibaud  (Dep.  Puy-de-Dome)  and  in  the  neigh- 
bourhood of  Algiers,  is  a  variety  of  this  kind. 

Some  varieties  of  opal  are  found,  with  ealena  and  blende,  in  metalliferous  veins ;  it 
also  occupies  the  interior  of  fossils  in  sandstone.  Its  formation  is  due  to  the  solubility 
of  amorphous  silica  in  water,  especially  in  hot  water  or  water  containing  carbonic 
acid,  the  silica  being  dissolved  out  by  spring  waters  from  decomposed  silicates, 
and  deposited  under  favourable  circumstances  in  a  state  more  or  less  approaching  to 
purity. 
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Syn.  with  ScHBornouTB  (q.  v,) ; — ^also  with  chiyaocolla 
or  silicate  of  copper  (see  Slugatbs). 


A  name  applied  by  T.  S.  Han t  (SOL  Am.  J.  [2]  zxy.  217; 
Jahresb.  1859,  p.  785)  to  aerpentine  (pure  ophiolite)  and  its  varieties  (see  obbfemtdcb. 

Syn.  with  SKKnormra. 


OFBZTOn.     This  name  is  applied  by  Corenwinder  (Jahresb.   1847~S,  p. 
1279)  to  the  porphyry  of  Temnay,  a  rock  consisting  essentially  of  felspar  and  augite. 


See  OpiAiac  Acn>,  Amides  or  (p.  206). 

09XAMX0  ACZB.  C"H»»0*  =  ^"^*h|^'  ^' ( CIP)»H^1  5*  (Liebig  and 
Wohler,  Ann.  CJh.  Pharm.  xliv.  126.— Wohler,  ihid.  L  1.— Blvth,  ibid.  1.  29.— 
Anderson,  Edinb.  PhiL  Trans. zz.  [2]  347. — Matthiessen  and  Foster,  Chem.  Soc. 
J.  ztL  345.) — ^An  add  produced,  together  with  cotamine,  by  the  oxidation  of  narcotine : 

C«H«NO'  +  O    =    C»*H"NO«  +  C"H»»0*; 
NvootiiM.  Cotarnlne.  OpUnie  acid. 

#.^.  by  the  action  of  sulphnric  acid  and  peroxide  of  maganese  or  peroxide  of  lead ;  by 

the  action  of  boiling  nitric  acid ;  by  boiling  hydrochlorate  of  narcotine  with  platinio 

chloride  and  water. — Also,  by  boiling  teropiammone  (triopianamide)  with  potash-ley. 

The  following  is  the  mode  of  preparation  recommended  by  Matthiessen  and 
Foster:  100  grma.  of  narcotine  is  dissolved  in  a  considerable  excess  of  dilate  sal- 
phoric  acid  (150  grms.  acid  and  1500  grms.  water) ;  the  solation  is  heated  to  boiling, 
and  150  grms.  of  finely  powdered  black  oxide  of  manganese  (containing  60  per  cent, 
real  peroxide)  is  added  as  qnickly  as  possible,  care  being  taken  that  it  does  not  cause 
the  liquid  to  froth  over :  when  the  whole  quantity  of  peroxide  has  been  added,  the 
mixture  is  quickly  filtered  through  a  funnel  surrounded  with  boiling  water.  The  fil- 
trate on  cooling  becomes  half  solid,  from  separation  of  crystals  of  opianic  acid ;  and  bv 
twice  recrystalnsing  this  product  from  boiling  water  it  is  obtained  nearly  pure,  though 
still  retaining  a  slight  brownish  colour,  from  which  it  may  be  freed,  if  necessary,  by 
boiling  with  dilute  hypochlorite  of  sodium,  and  decomposing  the  resulting  solution 
with  hydrochloric  aci<L  The  opianic  acid  is  then  deposited  as  the  liquid  cools,  and 
may  be  recrystallised  from  boihng  water. 

Properties. — Opianic  acid  ciystollises  in  thin  prisms,  often  radiating  and  interlaced. 
It  is  colourless,  has  a  bitter  taste  and  slight  acia  reaction,  dissolves  sparingly  in  cold, 
eudly  in  boiling  water,  also  in  alcohol  and  in  ether.  It  melts  at  140^  without  loss  of 
weight,  and  is  not  volatile;  but  if  more  strongly  heated  in  a  retort,  it  creeps  up  the 
sides  and  may  thus  be  distilled  without  actually  volatilising.  When  heated  in  contact 
with  the  air,  it  gives  off  aromatic  vapours  whidi  smell  like  vanilla,  and  bum  with  a 
smo^  flame. 

Opianic  acid  sufiers  a  remarkable  change  under  the  influence  of  heat.  The  melted 
add  remains  soft  and  transparent  for  some  time  after  cooling,  but  ultimately  loses  its 
transparency,  and  becomes  hard  and  milk-white.  In  this  state  it  has  the  same  composition 
as  the  crystallised  acid,  but  differs  from  it  considerably  in  its  properties,  being  insol* 
able  in  water  and  iJcohol,  and  even  in  dilate  alkalis,  dissolving  only  after  probnged 
boiling  with  caustic  potash. 

DecompoHHons.—l.  Opianic  acid  heated  with  nitrie  acid^plaHnie  chloride,  or  nU' 
pkurie  acid  and  peroxide  of  lead,  is  converted  into  hemipinicacid,  C"H'*0'. — 
2.  When  it  is  mixed  with  a  la^e  excess  of  potash-ley,  and  evaporated  nearly  to  dryness, 
it  is  resolved  into  hemipinic  acid  and  meconin:  2C»*H"0*«C'»fl»«0»+C»«H"0* 
(Matthiessen  and  Foster). — 3.  By  the  action  of  nascent  hydrogen^  as  when  its 
aqueous  solution  is  warmed  with  sodivm^malgafn,  it  is  converted  into  meconin 
(Matthiessen  and  Foster): 

Ci»H»»0»  +  H»     -    C»*H'»0«  +  H«0. 

4.  When  ftosed  in  a  current  of  dry  chlorine^  it  gives  off  hydrochloric  acid,  and  yields 
yellowish-red  resinous  products  (Wohler). — 5.  When  heated  with  three  or  four  times 
Its  weight  of  strong  hydrochloric  acid,  either  to  100^  in  a  sealed  tube,  or  to  the  boiling 
point  of  the  aeid  in  an  open  vessel,  it  is  decomposed,  with  evolution  of  methylic  chloride 
and  carbonic  anhydride,  and  formation  of  an  acid  containing  C*H'0*  (Mattthiessen 
and  Foster): 

C»«H»H)»     +     HCl      -      0»H»0»     +     CH»CL 

6.  A  similar  decomposition  appears  to  take  place  when  opianic  add  is  boiled  with 
fbming  kydriodie  acidj  methyUc  iodide  being  given  off  without  separation  of  iodine 
(Matthiessen  and  Foster). — 7.  Sulphurous  acid  diBsoljeB  opiamo  acid,  produdng 
opiano-snlpharoas  acid. — 8.  The  aqueous  solution  of  opianic  add  does  not  appear 
to  be  altered  by  svlpkydrie  acid  at  the  boiling  heat^  bat  on  cooling  to  70®  it  is  con- 
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verted  into  Bulphopianic  aeid,  C'*H*^0^  vithout  formation  of  any  other  product 
(Wohleri 

C»H»*0»  +  H«    =    C»«H"SO*  +  HK). 

Opianatbs.  C**H*M0*  or  (PH>"M''Oi*  according  to  the  atomicity  of  the  metal. 
A  boiling  eolation  of  the  add  decomposes  the  carbonates  of  barium,  calcium,  lead  and 
silver,  forming  crystallisable  salts. 

The  ammoniumrsalt  Ib  obtained  in  large  tabular  crystals  by  spontaneons  evaporation 
of  a  mixture  of  alcohol  and  a  saturated  solution  of  opianic  acid  in  ammonia.  The 
ammoniacal  solution  unmixed  with  alcohol  yields  by  eyaporation  an  amorphous  trans- 
parent mass,  which  dissolves  but  partially  in  water,  leaving  a  residue  of  opiammone 
\vid.  ii\f.). 

The  harium-aali,  C~H"Bba"0*«.2H*0,  forms  radiate  prisms  which  effloresce  with 
loss  of  6  per  cent,  water  ( »  2  at.).  The  calcium-salt  is  soluble  and  crystallisable. 
The  lead-saJt,  C*H'"Ppb''0".2HK),  forms  shining,  transparent,  mammellated,  sparingly 
soluble  crystals,  which  melt  at  150^,  and  begin  to  decompose  at  180''.  From  hot  solu- 
tions it  sometimes  crystallises  in  tofts  of  small  silky  prisms  which  are  anhydrous.  It 
is  soluble  in  aloohoL  The  silver-aaltf  C**H'AgO*.f  HK),  crystallises  in  transparent 
shortened  prisms,  ^ich  appear  yellow  in  mass.  They  give  off  their  water  at  100^» 
and  melt  with  decomposition  at  200^. 

Opianate  of  Ethyl,  Opianic  Ether.  C"H»(C«H»)0*.— Formed  by  passing  sul- 
phurous acid  ^  into  a  hot  alcoholic  solution  of  opianic  acid,  and  deposited  from  the 
concentrated  hquid  in  tufts  of  small  prisms  or  in  spherules  (Wohler).  Or  it  may  be 
produced  by  heating  opianic  acid  wim  alcoholic  hydrochloric  acid  to  100^  in  a  sealed 
tube,  precipitated  by  pouring  the  contents  of  the  tube  into  water,  and  obtained  by 
crystallisation  from  idcohol  in  hemispherical  masses  of  brilliantly  white  radiating 
needles  (Matthiessen  and  Foster).  It  is  inodorous,  but  has  a  shghtly  bitter  taste ; 
is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and  ether;  melts  at  92^ 
(Wohler) ;  at  88°  (Matthiessen  and  Foster),  and  solidifies  in  a  radiated  mass  on 
oooliuff.  It  may  be  sublimed  between  two  watch-glasses.  When  heated  some  d^prees 
above  its  melting  point,  it  remains  for  a  long  time  soft  and  amorphous ;  it  bears  a  high 
temperature  without  decomposition.    (W  o  h  1  e  r. ) 

Bv  boiling  with  water,  it  is  slowly  converted  into  alcohol  and  opianic  add,  more 
quickly  by  potash.    It  is  not  attacked  by  ammonia  in  the  cold.    (Wohler.) 

Acids  derived  from  Opianic  add, 

OpiAHO^flTTLPBVsovsAciD,  C*«H»SO«?  (Wohler,  foe.  «7.)— This  acid,  obtained 
by  evapomtmg  a  solution  of  opianic  add  in  hot  aqueous  sulphurous  add,  is  a  transparent, 

S^staUine  mass,  which  dissolves  the  carbonates  of  barium  and  lead,  forming  crystallised 
ts. — The  hariumsatt  forms  shining  colourless  rhomboidal  tablets  which  give  off 
water  and  bedn  to  decompose  at  140°. — The  lead-salt  crystallises  in  four^ded  prisma 
with  dihednd  summits  and  having  their  lateral  edges  replaced  by  broad  faces,  so  that 
the  crystals  appear  hexagonal  They  give  off  6*5  per  cent,  that  is,  half  of  their 
water  of  crystallisation  at  180^,  the  rest  with  slight  decomposition  at  170®.  The  czys- 
tallised  salt  gave  by  analysis  29'23  per  cent,  carbon,  3  00  hydrogen,  8*10  sulphur,  and 
26*67  lead-oxide,  agreeing  approximately  with  the  formula  C^'HTbSO'.SHK)  (vid, 
Gerhardt^  Traite,  iv.  87). 

SuLPHOPiANio  Acid,  C"H'*0*S*,  produced  by  the  action  of  sulphydric  add  on 
opianic  add  (p.  205),  forms  delicate  yellow  prisms  which  soften  below  100^,  and  become 
completely  fluid  at  the  temperature  of  boiling  water,  forming  a  pale  yellow  oil  which 
on  cooling  solidifies  in  a  transparent  amorphous  mass.  This  add  gives  by  analysis  52*4 
— 53*0  per  cent  carbon,  4*2  hydrogen,  and  14*3  sulphur,  the  formula  requiring  53*1  C, 
4*4  H,  141  S  and  28*4  0.    (Wohler.) 

The  add  decomposes  above  100°,  and  when  caldned,  takes  fire  and  bums  with  a 
sulphurous  flame. 

The  amorphous  acid  dissolves  in  alkalis,  and  the  solution  of  its  ammonium-salt 
forms  with  lead-  and  silver-salts,  precipitates  which  are  easily  decomposed  when  heated 
in  the  liquid. — The  behaviour  of  the  crystallised  add  with  bases  has  not  been 
examined. 


OFZAVXC  AOIBf  AMIBM  OV«    Two  of  these  bodies  are  known,  vie. : 
»X-^-     JC-H.^0.  -(C"H-0')'JK  _  2C..H..0.  ^  NH-  -  2HH). 

^^]i^,|c»H»NO»  .  (C»HK)«)»N.H»0.-  8C»H'*0»  +  NH»  -  2HK). 
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Both  thcM  eompoimdfl  aie  resolved  by  aDcalis  into  opianic  acid  and  ammonia,  but  only 
the  fint  appean  to  be  producible  by  the  ddiydration  of  opianate  of  ammonium. 

Opiamkok^  C**H*'N0'. — ^A  solution  of  opianic  acid  in  ammonia  leaves,  when 
eraponited  at  a  veiy  gentle  heat^  an  amorphous  transparent  mass,  which  becomes 
milk-white  when  treat^  with  water  and  dissolves  but  partially,  leaving  opiammone. 
The  dried  residue  may  be  completely  converted  into  this  compound  by  heating  it  to  a 
temperature  a  little  above  100^,  as  long  as  ammonia  is  given  ofi;  and  the  product  may 
be  freed  from  the  last  traces  of  opianate  of  ammonium  by  boiling  with  water. 

Opiummone  is  a  pale  yellow  crystalline  powder,  insoluble  in  cold  loateTf  and  but 
litde  attacked  by  bouing  water ;  but  when  heated  with  water  to  150^  in  a  sealed  tube 
it  dissolves  completely,  as  opianate  of  ammonium.  When  heated  it  creeps  along  the 
sides  of  the  vessel  without  subliming,  but  if  strongly  heated  in  contact  with  air,  it 
decomposes.  It  is  not  altered  by  heating  with  dilute  acids.  Caustic  potash  slowly 
eonverts  it,  with  evolution  of  ammonia,  into  opianate  of  potassium,  and  the  potassium- 
salt  of  another  acid  not  yet  analvsed,  which  Wohler  de8ignat«s  by  the  name  z ant  ho- 
pes ie  acid.  On  adding  hvdrochloiic  add  to  the  solution,  zanthopenic  acid  is  precipi- 
tited  in  yellow  flakes  and  the  remaining  liquid  deposits  crystids  of  opianic  acid. 
{Wohlei,  loe.cit.) 

Tbbopiaxxokb,  C'H'KO",  is  produced  by  the  action  of  dilute  nitric  acid  upon  nar- 
eotine ;  no  other  mode  of  preparing  it  has  yet  been  discovered.  It  crystallises  in  slender 
colourless  needles,  insoluble  m  toater,  sparingly  soluble  in  cold  alcohol^  rather  more  in 
boiling  alcohol,  very  sparingly  in  ether.  It  is  decomposed  by  nitric  but  not  by  hydro- 
ehloric  add.  Strong  stdphurio  acid^  dissolves  it  in  the  cold  with  yellow  colour,  but  on 
heating  the  solution,  it  assumes  a  fine  crimson  tint.  It  is  not  attacked  by  ammonia. 
Boiling  potash  eliminates  ammonia  and  converts  it  into  opianate  of  potassium. 
(Anderson.) 

See  pw  206. 

1  f  A  base  resembling  narootine,  found  ^Hinterberger  (Ann.  Ch. 
Fharm.  IzxviL  207 ;  Ixxzii.  319)  in  some  spedmens  of  J^gyptian  opium.  It  was  pre- 
cipitated bv  ammonia  from  the  aqueous  extract  together  with  morphine,  and  on  dis- 
Bcuring  this  predpitate  in  alcohol,  the  opianine  crystallised  out  first  in  large  right 
ihombic  prisms,  which  yielded  by  analysis  63*0  per  cent  carbon,  6*7  hydrogen,  and 
4*3  (mean)  nitroffen,  whence  Hinterberger  deduces  the  formula  C**H*N*0*^  requiring 
63*1  carbon,  6*8  hvdrogen  and  4*5  nitrogen.  In  one  analysis  however  (by  combustion 
with  soda-lime),  mnterbereer  found  only  2*2  per  cent  nitrogen,  and  accordingly  gave  at 
tntt  tiie  formula  C**IP*NC^;  Anderson  (Ann.  Ch.  Pharm.  zeviii  60)  £dnces 
from  the  same  data  the  formula  C^H'^0".  G erhar dt  ( Traiti,  iv.  68)  and  Weltzi en 
(Or^an,  Verbind.  p.  567)  doubt  the  ekistenoe  of  opianine  as  distinct  from  narcotine. 
Opianine  forms,  acoordiiig  to  Hinterbeiger,  a  ehloromercurate  containing  C^B^IPO^K 
HaMgCL     (See  ChneUn*$  Handbook,  zvl  66.) 

SirmoVS  AOXB.    Seep.  206. 

C'*H*0^ — ^A  radicle  which  may  be  supposed  to  exist  in  opianic 
add  and  its  derivatives.    Anderson  applies  the  name  to  meconin,  G'*H'*0^ 


This  valuable  drug  is  the  dried  juice  obtained  from  the  unripe  capsulra 

of  the  white  poppy  {PMMver  somniferum)^  a  plant  extendvely  cultivated  for  the  pur- 
pose in  Asia  Minor,  Egypti  and  Hindostan.  Persia  and  Algeria  likewise  proauce 
opium,  and  the  plant  nas  been  cultivated,  but  not  with  very  satis&ctory  results, 
in  TarioQs  V^*  of  Europe.  The  European  markets  are  supplied  chiefiy  from  Asia 
KiBor  and  Egfi^  the  opium  from  the  former  locality,  called  Turkish  or  Smyrna  opium, 
being  the  best,  that  is  to  say  the  richest  in  morphine.  Esst  Indian  opium  is  chiefly 
exported  to  China.  The  opium  is  extracted  by  making  incisions  in  the  capsules  just 
afl^r  the  petals  have  fallen  oflt  A  milky  juice  then  exudes  which  soon  concretes;  it  is 
left  to  dry  over  night  then  removed  with  a  blunt  knife  and  kneaded  with  water  into 
taikea,  whieh  are  then  further  dried.  As  thus  prepared,  it  is  brown  and  somewhat  hard, 
has  a  bitter,  acrid,  nauseous  taste^  and  a  peculiar  sickly  odour.  It  softens  with  the 
heat  of  the  hand ;  when  more  strongly  heated  it  takes  flre,  but  does  not  bum  readily. 
For  farther  particulars  respecting  the  preparation  and  properties  of  opilum,  see 
Pereira's  Materia  Medica;  also  a  paper  by  Dr.  Eatwell  in  the  Pharmaceutica 
Journal  for  1852.] 

Opium  is  a  vei^  complex  substance  containing  several  alkaloids,  two  or  three  orpinie 
aeida,  and  several  neutral  organic  substances  besides  inorganic  salts.  The  following  is 
a  list  of  ita  peculiar  oonstitnents : 
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JlkaUidt. 

JeidM  mid  Jfemirai  SmUtameea, 

Name. 

Ditcoirered  bi^ 

Name, 

Dkeotend  b9 

• 

Narootine 
Morphine 
Codeine 
Narceine 
Pseudomorphine  ? 

Thebfiine 

Papaverine 
Opianine? 

Derosne         in  1804 
Sertiirner       „  1804 
Bobiqnet        „  1833 
Pelletier         „  1833 
PeUetier         „  1836 
Pelletier       )     ,  Pol- 
and CouerbeJ"  ^^^^ 
Merck            „  1840 
Hinterberger  „  1861 

Meconic  acid 

OU^acid(Opiam-&t) 

Opinm-resin 

Meoonin 

Porphyroxin  ? 

Thebolacticadd? 

Sertiirner     in  1804 
Pelletier        „  1833 
Pelletier        „  1833 
Dnblanc        ,,  1833 
Merck           „  1837 
T.&H.Smith,,  1862 

All  the  alkaloids  in  the  preceding  Ust^  except  papaverine  and  thebaine,  have  been 
already  described ;  the  existence  of  pseudomorphine  and  opianine  is  very  doubtful 
(seeiiL  1061  and  iv.  208).  The  following  table  exhibits  ageneral  view  of  the  reactions  of 
the  opium-alkaloids  wiUi  various  solvents: 

Solubility  of  Opium-alkaloida, 


Vonwila. 

R<MHonwtth                                                              1 

HtlIMb 

FotoA           1           AtcokoU 

Xtktr, 

totuA. 

Morphine. 

c»:h»»no». 

Very  sfMringly 
•oluble. 

Moderately 
soluble. 

Nearly 
insoluble. 

Soluble 
in  excess. 

Codeine. 

CHiHUNO*. 

Soluble. 

Very  soluble. 

Very 

Insoluble. 

Insoluble  In 
strong  potasb. 

Thabaino. 

CW|P»NO». 

Insoluble. 

Soluble. 

Soluble. 

Soluble  In 
dilute  potash. 

PapareriDO. 

C»H»NO*. 

Insoluble. 

Soluble. 

Soluble. 

Insolublew 

Mereloe. 

C»H»NO*. 

Very  iperlngly 
soluble. 

Soluble. 

Inso   ble. 

Soluble  in 
dilute  potash. 

Narcotioe, 

C»H»NO'. 

Nearly 
insoluble. 

Soluble. 

Soluble. 

Insoluble. 

Meconic  acid  and  meconin  have  been  already  described  (iiL  869,  861).  Pelletier's 
opiufnr/at  and  omum-resin  will  be  described  further  on. 

Porphyroxin  is  the  name  given  by  Merck  (Ann.  Ch.  Pharm.  xxi.  201)  to  a  neutral 
crystalline  substance  which  he  obtained,  to  the  amount  of  ^  per  cent,  from  East  Indian 
and  Smyrna  opium ;  but  its  existence  is  not  well  established.  Anderson;  who  sought 
for  it  with  some  care,  was  unable  to  obtain  it 

Tkeboiactic  acid  is  an  acid  isomeric  with  lactic  add,  said  to  exist  in  Turkey  opium  to 
the  amount  of  2  per  cent,  and  to  be  separated  from  the  impure  mother-liquors  of  mor- 
phine by  the  ready  ciyst-allisability  of  its  calcium-salts.  Stenhouse  re^;ards  it  as 
identical  with  lactic  acid,  but  some  of  its  salts,  especially  the  copper  and  moiphine- 
salts,  are  said  by  its  discoverers  to  differ  in  character  from  the  corresponding  lactateo. 
The  ferric  salts  of  the  two  acids  are  likewise  said  to  differ  in  their  reaction  with  am- 
monia.   Anderson  was  not  able  to  detect  the  existence  of  thebolactie  acid  in  opium. 

Opium  likewise  contains  gum,  caoutchouc  or  a  similar  substance,  vegetable  albumin, 
cellulose,  and  a  volatile  odoriferous  principle.  Its  inorganic  constituents  are  potash, 
soda,  ammonia,  lime,  magnesia,  alumina  (?)  and  ferric  oxide,  combined  with  hydro- 
chloric, sulphuric,  phosphoric,  and  silicic  acids. 

The  proportions  of  tnese  several  constituents  vary  greatly  in  opium  from  difierent 
localities.  The  quantity  of  morphine,  on  which  the  commercial  value  chiefly  depends, 
varies  from  3  or  4  to  14  or  16  per  cent  Sm^rma  opium  generally  contains,  in  the  dry 
state,  from  12  to  14  per  cent,  morphine  (Guibourt);  Egyptian,  in  tire  dry  state,  from 
5*8  to  6*6  per  cent.  (Guibourt).  Merck,  however,  found  6  to  7  per  cent  in  the  undried 
substance;  East  Indian  opium  contains  from  6*3  to  7 '7  per  cent  (Guibourt) ;  in  a 
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dried  sample  of  Persian  opiam  Qaibourt  foiind  11-37  percent,  morphine  and  8*17  nar- 
eotine.  Algerian  opinm  containing  7 '6  per  cent.  wat«r  was  found  bjAubergier  (Ann. 
Ch.  Phjs.  [3]  XX.  303)  to  contain  flie  following  proportions  of  morphine:  opium  from 
white  poppies,  1-62  to  8'67  per  cent.;  from  i^  poppies,  10'87  to  11*23  per  cent; 
from  purple  poppies,  14*71  to  17*83  per  cent.  In  dry  opium  gathered  at  Erfurt 
from  the  blue  poppy,  Biltz  found  16*6  and  20  per  cent.;  in  t^t  from  the  white 
poppy,  6*85  per  cent,  morphine.  French  Tarieties  wheti  dried  contain  on  the  average 
17*7  per  cent,  morphine  (maximum  22*9  ;  minimum  14*8)  (Guibourt).  Opium  col- 
lected at  Brest  in  1852  contained  8*2  per  cent.  (Roux,  Compt.  rend.  xl.  34);  that 
finom  Amiens  in  1853  contained  14*75 ;  and  that  from  the  same  place  in  1854,  contained 
16  per  cent  morphine.  (Descharmes  and  Benard,  Compt  rend.  xl.  34. — Gmelin*s 
Handbook,  xtL  415.) 

The  following  method  of  extracting  the  alkaloids  of  opium  and  determining  their 
relatire  quantities  is  given  by  Anderson  (Chem.  Soc.  J.  xv.  448).  The  morphine, 
codeine  and  meoonic  acid  are  first  separated  by  the  Bobertson-Gregory  process 
which  consists  in  treating  the  aqueous  extract  of  opium  with  chloride  of  calcium, 
whereby  the  meconic  acid  is  precipitated  as  a  calcium-salt,  while  the  bases  remain  in 
•olution  as  hydrcchloratee,  among  which  the  morphine  and  codeine  salts  are  easily 
ciystaliisable  and  separate  from  the  concentrated  solution,  leaving  the  other  bases  in 
the  mother^b'quor.  The  morphine  and  codeine  are  then  separated  by  ammonia  as 
already  described  (iii.  1051). 

To  obtain  the  other  bases,  the  black  treacly  mother-liquor  is  diluted  with  water  and 
mixed  with  ammonia,  which  throws  down  a  copious  dark  brown  precipitate  consisting 
of  naiootine^  papaverine  and  thebaine,  accompanied  by  a  small  quantity  of  codeine, 
and  contaminated  with  a  brown  resinous  substance.  This  precipitate,  which  is  at  first 
quite  granular,  runs  together,  if  allowed  to  remain  in  the  liquid,  into  a  resiaous  mass, 
whereby  the  mother-liquor  is  squeezed  out  of  it  as  effectually  as  if  it  were  put  into  a 
powerful  press.  The  solution  of  this  precipitate  in  boiling  spirit  deposits,  on  cooling, 
impme  crystals  ofnarcotine,  which  may  be  purified  by  successive  ciystallisations, 
with  aid  of  animal  charcoal.  A  further  crop  of  crystals  is  obtained  by  distilling  down 
the  solution,  and  finally  there  remains  a  black  mother-liquor,  from  which  thebaine  and 
papaverine  may  be  prepared.  For  this  purpose  water  is  added;  the  liquid  is  slightly 
■cidolated  with  acetic  acid ;  the  resin  thereby  separated  is  filtered  off;  basic  acetate  of 
lead  is  then  added  to  the  filtrate  till  it  exhibits  an  alkaline  reaction  ;  and,  the  precipi- 
tate being  separated,  the  excess  of  lead  is  removed  by  sulphydric,  or  more  conveniently 
hj  snlpharic  acid ;  ammonia  then  precipitates  the  thebaine,  still  mixed  with  resinous 
matters,  from  which  it  may  be  separated  by  crvstallisation  from  alcohol ;  it  can  then  be 
decolorised  by  animal  charcoal.  Papaverine  maybe  extracted  from  the  lead-pre- 
cipitate by  digesting  it  in  alcohol,  evaporating  the  liquid,  treating  it  with  hydrochloric 
add,  filtering  from  resin,  concentrating,  and  leaving  the  solution  toitself  for  some  time, 
when  the  sparingly  soluble  hydrochlorate  of  papaverine  slowly  crystallises.  From  this 
salt  the  base  may  be  obtained  in  a  state  of  punty  by  precipitation  with  ammonia  and 
erystallisation  from  spirit 

The  mother-liquor  from  which  the  precipitate  of  these  bases  has  been  separated  con- 
tains naroelne  and  meconin,  with  a  small  quantity  of  papaverine.  On  concentrating  it, 
narceine  separates  in  abundance,  and  is  easily  obtained  pure  by  washing  with  a 
small  quantity  of  cold  water,  and  crystallising  two  or  three  tlmea  After  concentrating 
the  liquid  till  the  narceine  is  completely  separated,  the  residue  is  repeatedly  agitated 
with  f  of  its  volume  of  ether  at  26°,  which  extracts  meconin,  together  with  a  little 
papaverine ;  and  the  ether  is  distilled  off  from  the  extracts,  a  brown  syrup  then  remain- 
ing. On  treating  this  syrup  with  hydrochloric  acid,  papaverine  dissolves,  and 
meconin  remains  in  the  form  of  a  dark  gprey  crystalline  powder,  which  may  bo  freed 
from  resin  by  repeated  crystallisation  from  boiling  water  with  addition  of  animal 
efaarooal. 

For  Pelletier's  method  of  separating  the  several  constituents  of  opinm,  see  Gmelin*s 
Handbook,  xvi.  420.  For  the  estimation  of  morphine  in  opium,  ibid.  p.  423,  or  this 
Dictionaiy,  iii.  1053. 

On  the  microflcopic  appearances  of  the  several  constituents  and  medicinal  prepara- 
tions of  opinm,  see  Deane  and  Brady  {On  Micro9COpicid  Research  in  relation  to 
Pharmacy f  Chem.  So&  J.  xviii.  34);  also  Helvig  {Da$  Mikroscop  in  der  Toxicoloffie^ 
MAintz,  1864). 

The  following  table  exhibits  the  composition  of  five  sorts  of  Smyrna  opium  as  deter- 
mined by  Mulder  (Handw.  d.  Chem.  v.  721). 
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Analyses  of  Smyrna  Opium, 


Morplime 

.       10-8 

41 

99 

2-8 

3-8 

Codeine    .        .         .        , 

0-7 

0-8 

0-8 

0-9 

0-6 

Narcotine 

6-8 

S-2 

9-6 

7-7 

6-5 

Narceine  . 

6-7 

7-6 

7-7 

9-9 

13-2 

Meconin  .         .         .        , 

0-8 

0-8 

0-3 

1-4 

0-6 

Mecouic  acid    . 

61 

40 

7-6 

7-3 

6-6 

Fat .... 

2-2 

1-4 

1-8 

4-2 

1-6 

Caoutchouc 

60 

6-0 

3-7 

3-8 

3-2 

Kesin       .        .        .        . 

3-6 

20 

41 

2-2 

1-8 

Gummy  extract 

26-2 

31-5 

21-8 

22-6 

26-7 

Gum        ... 

10 

2-9 

0-7 

30 

0-9 

Vegetable  mucus 

.       191 

171 

211 

18-5 

180 

Water      . 

9-8 

12-2 

11-4 

130 

140 

Loss 

2-2 

2-6 

•     * 

2-7 

3-6 

100        100        100-5     100 


100 


In  these  analyses  the  proportion  of  narceine  appears  to  be  too  high ;  possibly  th* 
thebaine  and  papaverine,  the  amounts  of  which  are  not  specified,  were  weigned  with  it. 
The  following  analyses  arebySehindler  {loc.  cit) : 


Morphine 1030 

Codeine 

Narcotine     .        .        .        .        . 

Narceine 

Meconin 

Meconic  acid 

Peculiar  resin       .        .        ... 
Vegetable  mucus,  caoutchouc,  acid  } 

fat,  and  vegetable  fibre  ( 

Brown  acid  soluble  in  water  and  in  alcohol]  . 
Brown  acid  soluble  only  in  water,  and  gum   . 

Lime 

Magnesia 

Alumina,  ferric  oxide,  silica, ) 

calcic  phosphate  t         '        ' 

Salts,  and  volatile  oil  (about) 

96-76 


Opium 

Opium 

from 

ttota  Con- 

Smyrna. 

•tantinople. 

10-30 

4-60 

0-25 

0-62 

1-30 

3-47 

0-71 

0-42 

0-08 

0-30 

4-70 

4-38 

10-93 

8-10 

26-25 

1718 

104 

0-40 

40-13 

56-46 

0-40 

002 

007 

0-40 

0-24 

0*22 

0-36 

0-36 

Oplnm 

from 

Egypt. 

700 
2-68 


96-73 


Oily  acid  of  Opium,  C*H**0? — This  substance,  discovered  by 
Pelletier,  is  obtained  by  repeatedly  digesting  opium-marc  in  warm  alcohol  of  specific 
gravity  0-84,  filtering  each  time  after  cooling,  to  separate  die  deposited  caoutchouc,  and 
distilling  the  alcohol  down  to  three-fourths,  filtering  again  to  remore  the  narcotine 
which  crystallises  out,  evaporating  the  filtrate  to  dryness,  again  exhausting  the  residue 
with  hot  alcohol  of  specific  gravity  0-84,  and  repeating  %ese  operations  till  all  the 
narcotine  is  removed.  The  residue  left  on  evaporating  the  filtered  solution  is  then  ex- 
hausted with  boiling  water,  and  afterwards  with  ether,  which  takes  up  the  oily  acid« 
leaving  opium-resin  undissolved.  The  ethereal  solution  when  evaporatea  leaves  the  oily- 
acid  in  the  liquid  form,  but  still  slightly  contaminated  with  narcotine,  which  may  be 
removed  by  agitation  with  water  containing  a  little  hydrochloric  acid ;  the  fat  then 
floats  on  the  surface  and  may  be  skimmed  off. 

Opium-fat  is  generally  yellowish  or  brownish,  the  colour  beine  probably  due  to  im- 
purities. It  is  soft,  almost  liquid,  has  a  sharp  burning  taste,  and  an  add  reaction  not 
removed  by  repeated  washing.  It  dissolves  in  alcohol,  etlier,  and  oils,  and  forms  soaps 
with  alkalis.    (Pelletier,  Ann.  Ch.  Pharm.  1.  276.) 

oynnW^M  a  ho.  The  residue  of  opium  left  after  removal  of  the  meconatea  of 
morphine  and  codeine  and  other  salts  soluble  in  water. 

OFXUM-XBSnr.  C«Hi'N0>?--Thi8  substance,  the  preparation  of.  which  has 
been  described  in  connection  with  opium-fat,  is  brown,  destitute  of  taste  and  odour, 
and  becomes  nearly  fluid  when  warmed.  At  a  higher  temperature  it  swells  up 
strongly,  giving  off  large  quantities  of  empyreumatie  oil  and  combustible  gases.  It  is 
insoluble  in  water,  soluble  in  alcohol  and  in  alkalis.    (Pelletier,  loc.  cit) 

OPOBAZiBAM.    Syn.  with  Mecca  Balsam  (see  Bai.sam8,  i.  495). 

OFOBS&OOC.      Linimtntum  saponato-camphoratum, — A    solution  of  soap   in 
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aioofaol,  with  the  addifion  of  camphor  and  volatile  oils.     It  is  used  eztemallj  against 
riieumatic  pains,  sprains,  bruises,  and  other  like  complaints. 

OFOPJLarAX.  A  concrete  gummy  resinous  juice,  obtained  from  the  roots  of  an 
umbelliferous  plant,  the  Pastinaca  Opopanax,  L.,  Opopanax  Chironium^  Koch,  which 
erovs  spontaneously  in  the  warmer  countries,  and  bears  the  colds  of  our  climate.  The 
juice  is  brought  from  Turkey  and  the  East  Indies,  sometimes  in  round  drops  or  tears, 
but  more  commonly  in  irregular  lumps,  of  a  reddish-yellow  colour  on  the  outside,  with 
specks  of  vhit«;  inwardly  of  a  paler  colour,  and  frequently  variegated  with  large 
white  pieces.  It  has  a  peculiar  strong  smell,  and  a  bitter,  acrid,  somewhat  nauseous 
taste.  Its  constituents  are,  resin  42*0  per  cent.,  gum  33*4,  ligneous  matter  9*8,  starch 
4*2,  malic  add  2*8,  extractive  matter  1*6,  wax  0'3,  caoutchouc  a  trace,  volatile  oil  or 
loss  3*9.    (Pelletier.) 

The  resin  of  opopanax  melts  at  100^,  decomposes  at  a  somewhat  higher  temperature, 
and  contains,  according  to  Johnston,  63*2 — 64*0  per  cent,  carbon  and  6*7  hydrogen, 
agreeing  approximately  with  the  formula  C»H>«0'  (63-8  C,  6*4  H,  and  29*8  0). 

OVflOmUi  Beudant*8  name  for  partially  altered  Fowlerite  from  Franklin»  New 
Jersey. 

See  Cmtus  (i.  1002). 
See  Thobitb. 

C'H'NO*.  Lichen-red.  Flechtenroth.  (Ro b i  q u  e  t,  Ann.  Ch.  Phys. 
[2]  xlii.245 ;  Iviii.  320. — ^Heeren,  Schw.  J.  lix.  336.— Bumas,  Ann.  Ch.  Pharm.  xxvii. 
145.— Kane,  PhiL  Trans.  1840,  p.  285.— Laurent  and  Gei*hardt,  Ann.  Ch.  Phys. 
[3]  xxiv.  315.)^A  compound  formed  from  orcin  by  the  action  of  ammonia  and  oxygen. 
It  is  prepared  as  follows :  a  small  dish  containing  powdered  orcin  is  placed  above  a 
vessel  containing  strong  ammonia,  and  the  whole  is  covered  with  a  bell-jar.  In  tlie 
course  of  24  hours  the  transformation  is  complete.  The  product  may  then  be  di»- 
solved  in  water,  and  poured  into  a  solution  of  hydrochloric  acid  which  precipitates  the 
orcein  in  red  flocks,  of  a  fine  red  colour.  Orcein  is  present^  together  with  other  colour- 
ing matters,  in  the  archil  of  commerce. 

Orcein  is  unciystallisable.  It  dissolves  sparingly  in  water,  imparting  however  its 
colour,  and  is  precipitated  from  the  solution  by  neutral  salts.  It  is  very  soluble  in 
alcohol,  forming  a  deep  scarlet  solution  from  which  it  is  precipitated  by  water.  It  dis- 
solves in  aqueous  fixed  alkalis  with  violet-red  colour :  the  ammonical  solution  is  of  a 
verv  rich  pansy  colour.  Orcein  is  separated  by  acids  from  its  combinations  with  alkalis. 
Biuphide  of  ammonium  destroys  the  colour  of  the  ammoniacal  solution,  producing  a 
brownish-black  liquid,  which,  however,  recovers  its  red  colour  on  exposure  to  the  air. 

When  a  piece  of  zine  is  plunged  into  an  ammoniacal  solution  of  orcein  to  which  a  slight 
excess  of  hydrochloric  acid  has  been  added,  the  liquid  is  completely  decolorised^  and 
when  mix^  with  a  certain  quantity  of  ammonia  deposits  a  white  powder,  leucorcein, 
which  by  contact  with  the  air  soon  assumes  a  deep  purple  tint. 

Orcein  mixed  with  water  or  dissolved  in  ammonia  is  converted  by  contact  with 
chlorine,  into  chlororcein,  which  is  soluble  in  alcohol,  ether,  and  in  ammoniacal  water, 
eulouring  the  last-mentioned  L'quid  brown. 

OBCnUhA  WXSns.  The  cylindrical  and  fiat  species  of  Boccella  used  in  the 
manufiicture  of  orchil  and  cudbear  are  so  called  by  the  makers  (see  Ure*s  Diet,  of 
Arts,  jv.,  iii.  311). 

OKCSZfts  Syn.  with  Abchu:'  (L  355). — An  improved  method  of  preparing  this  dye, 
introduced  by  Dr.  Stenhouse,  consists  in  treating  the  colour-yielding  lichens,  on  the 
spot,  with  an  alkali  (potash  or  lime)  to  extract  the  colouring  acids,  and  precipitating 
these  acids  with  hydrochloric  or  acetic  acid ;  they  are  thus  completely  separated  from 
the  woody  fibre  and  other  impurities. 

Bfspecting  the  improved  orchil-dye  called  "  French  Purple,**  see  DrEmo  (ii.  356), 
also  Ho f man  n's  Beport  on  Chemical  Products,  ^c.,  in  the  International  Exhibition  of 
1862,  p.  117. 

CBOHTBi    The  root  of  Orchis  fusca  contains  ooumarin,  2*47  grammes  of  which 
may  be  obtained  from  a  kilogramme  of  it.    (G-.  and  C.  Bley,  Jahresb.  1857,  p.  484.) 

OlMXnr.  C'H*0*.  (Bobiquet,  Ann.  Oh.  Phys.  [2]  xlii.  245 ;  Iviii.  320.^ 
Liebtg  and  Willi  Ann.  Ch.  Pharm.  xzvii.  147. — ^Dumas,  ibid,  xxvii.  140. — 
Schunek,  ibid.  xli.  169  ;  liv.  269.— Oer hard t,  Compt.  chim.  1845,  p.  287.— 
Stenhouse,  Phil.  Trans.  1848,  p.  85  ;  Ann.  Ch.  Pharm.  Ixviii.  93,  99 ;  Proc  Boy* 
See.  xii.  263;  Chem.  Soe.  J.  xvi.  327.— Be  Luynes,  Ann.  Ch.  Pharm.  cxxviii.  830; 
cxxz.  31. — Lam  part  er,  ibid,  cxxxiv.  256. — Gm.  xii.  353. — Gerh.  iii.  810.) — This 
snbstanoe,  discovered  in  1829  by  Bobiquet  in  Variolaria  dealbata,  appears  to  exist 
ready  formed  in  all  the  lichens  used  for  the  preparation  of  archil  and  litmus.  It  is 
Ibrmed  aitifleiaUy :  1.  By  boiling  orsellic  acid  with  water,  and  therefore  also  by  boiling 
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lecanoric  (a-orsellic)  acid,  erythric  acid  (erythrin),  picroerythriD,  or  evemic  add,  nith 
aqueous  alkalis,  these  latter  substances  (except  picroerythrin),  being  first  converted  into 
oraellic  acid.    Its  formation  from  orseUic  acid  is  represented  by  the  equation, 

C<»H«0*    =    C'HK)«  +  CO*; 

OrseUic  acid.  Orcin.  i 

from  picroerythrin  by  the  equation, 

C'«H'«0'  +  H«0    -    C<H««0*  +  C^»0*  -f  C0« 

Plcroerjthrin.  Krythro-  Orcin. 

mannite. 

2.  By  the  dry  distillation  of  lecanoric  acid,  eiythric  acid,  eremicacid  or  pieroerytlirin. 

3.  Together  with  paiaoxybenzoic  acid,  by  melting  aloes  with  hydrate  of  potassium 
probably  thus : 

C>»H'«0'  +   O     -     C'H»0«  +  eH«0»  +   C0«  +   H»0. 

Aloeretic  Orcin.  FarAnxjr- 

acid.  benioic  acid. 

A  pound  of  aloes  thus  treated  yields  from  9  to  1 1  grammes  of  orcin.  (Hlasiwetz  and 
Barth,  Ann.  Ch.  Pharm.  czxxiy.  287.) 

Preparation. — 1.  Dry  Variolaria  dealbata  is  exhausted  with  boiling  aloohol ;  the  solu- 
tion freed  by  evaporation  and  cooling  from  the  resin  which  separates;  the  remaining 
liquid  evaporated  to  an  extract ;  and  this  extract  exhausted  with  water.  The  aqueous 
solution  evaporated  to  a  syrup,  deposits  after  a  few  days  crystals  of  orcin,  which  may  be 
purified  by  recrystallisation  froifL  water,  with  addition  of  animal  charcoal,  during  which 
operation,  however,  the  charcoal  absorbs  a  considerable  quantity  of  orcin.    (Bo  b  i  q  u  e  t.  > 

2.  A  roccella  or  a  lecanora  is  macerated  with  milk  of  lime;  the  strained  liquid 
hoiled  for  a  few  hours  in  -an  open  vessel,  and  evaporated  to  one-fourth ;  carbonic  acid 
gas  passed  through  it  as  long  as  a  precipitate  of  calcic  carbonate  continues  to  form; 
and  the  filtrate  evaporated  to  dryness  over  the  water-bath.  The  residue  is  boiled  with 
three  orfour  times  itsbulk  of  strong  alcohol;  the  solution  evi^rated,  filteredand  setaside 
to  crystallise;  the  dark-coloured  crystals  are  dried  after  three  or  four  days  between  paper 
and  dissolved  in  three  or  four  times  their  volume  of  anhydrous  ether ;  and  the  filtered 
solution  is  left  to  evaporate  in  vacuo.  The  laige  six-sided  crystals  thus  obtained  be- 
come still  paler  by  ciystallisation  (St  en  ho  use).  This  method  is  well  adapted  for 
preparation  on  the  large  scale.  De  Luynes  recommends  heating  erythric  acid  (the 
extract  of  Roccdla  tincioria,  &c«)  with  lime  to  160^  under  pressure. 

Perfectly  colourless  orcin  may  be  obtained  by  the  following  methods :  3.  Oisellic  or 
erythric  acid  is  boiled  with  water  for  half  an  hour  or  an  hour,  whereupon  a  large 
quantity  of  carbonic  anhydride  is  given  off,  and  the  evaporated  solution  (mixed  perhaps 
with  animal  charcoal)  deposits  on  cooling  a  large  quantity  of  colourless  crystals  of 
orcin  (S  ten  house). — 4.  Lecanoric  add  (or  its  green  mother-liquor)  is  boiled  with 
strong  baryta-water;  the  baryta  precipitated  by  carbonic  acid ;  and  the  liquid  heated 
to  the  boiling  point,  then  filtered  and  left  to  evaporate.  The  crystals  thus  obtained  are 
usually  coloured,  but  may  be  purified  by  boiling  with  aluminic  or  ferric  hydrate,  which 
takes  up  the  colouring  matter.  If  the  orcin  still  remains  coloured  it  must  be  distilled 
from  a  retort,  the  distillation  being  interrupted  as  soon  as  the  orcin  vapours  begin  to 
carry  colouring  matter  over  with  them.  The  aqueous  solution  of  the  distillate  yields 
colourless  crystals  by  evaporation  (Schunck).  See  also  Lamparter  (Ann.  Ch. 
Pharm.  cxxxiv.  256). 

Properties. — Orcin  crystallises  from  its  aqueous  solution  evaporated  to  a  syrup  in 
colourless  six-sided  monoclinic  prisms,  exhibiting  the  combination  ooP  .  ooPoo  . 
—  Poo ,  sometimes  with  oP.  Angle  obP  :  ooP,  in  the  orthodiagonal  principal  section 
«  102«»  24';  ooPoo  :  oP  «  83°  BT ;  ooPoo  :  -  Poo  «  136*>  16'.  Cleava^  parallel  to 
ooPoo.  The  crystals  are  very  soluble  in  water  and  in  alcohol;  they  dissolve  also  in 
ether.  The  aqueous  solution  is  neutral  to  test-paper,  and  has  a  strongly  saccharine,  some- 
what nauseous  taste.  The  crystals  deposited  from  it  contain  1 2  -67  per  cent  (1  at )  water, 
which  they  give  oflf  entirely  in  vacuo  over  oil  of  vitriol,  or  at  the  temperature  of  the 
water-bath.    From  anhydrous  ether,  orcin  is  deposited  in  anhydrous  crystals. 

Hydrated  orcin  melts  below  100°  giving  off  its  water  of  crystallisation.  Anhydrous 
orcin  heated  quickly  to  290^,  distils  in  the  form  of  a  syrupy  liquid,  which  graduauy  ab- 
sorbs moisture  from  the  air  and  becomes  crystalline.  When  gently  heated  in  shallow 
vessels,  it  may  be  sublimed  in  needles.  Its  vapour^density,  according  to  Dumas' 
determination,  is  5*7,  which  agrees  exactly  with  that  required  by  calculation. 

The  aqueous  solution  of  orcin  is  not  precipitated  by  mercuric  chloride,  neutral  acetate 
of  lead,  cupric  sulphate,  gelatin  or  tannin.  With  basic  acetate  of  lead,  however,  it  gives 
a  white  precipitate  whi(£  appears  to  contain  C'H*Ppb''0*  J*pb"0 ;  and  is  likewise  pio- 
duced  on  adding  nitrate  of  lead  to  an  ammoniacal  solution  of  orcin.  With/cmc  chloride^ 
it  forms  a  dark  red  or  nearly  black  precipitate,  from  which  ammonia  eztracts  orcin. 
It  does  not  precipitate  nitrate  of  silver  except  on  addition  of  ammonia. 
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tfeltedorcin  decompoees  diy  carbonate  of  sodium,  with  evolution  of  carbonie  anhy* 
drida.  Aqneous  ozcin  added  to  a  solution  of  sUicaie  ofsodium^  precipitates  silica;  and 
a  ciystal  of  orcin  thiovn  into  a  boiling  solution  of  sodic  silicate  is.  conyerted,  without 
alteration  of  form,  into  gelatinous  silica.  A  concentrated  and  slightly  acid  solution  of 
tulphate  of  quinine  or  cinchonine  becomes  turbid  when  mixed  with  a  concentrated  aqueous 
solution  of  orcin,  with  separation  of  an  oily  compound  of  the  base  with  orcin  which 
becomea  nearly  solid  on  exposure  to  the  air.    (Be  Luynes.) 

Jkeompoaitions. — 1.  Orcin  gradually  turns  red  in  contact  with  atV,  especially  in 
sonlight. — 2.  Orcin  diasolTes  in  nitric  acid,  and  on  heating  the  solution  nitrous  fames 
are  erolTed,  the  liquid  turning  red,  and  depositing  a  red  resinous  substance  soluble  in 
alodiol  and  in  acids.  If  the  action  of  the  acid  be  prolonged^  the  product  is  whoUy  con- 
rerted  into  oxalic  acid.  Orcin  takes  fire  when  very  strong  nitric  acid  is  poured  upon 
it,  but  when  it  is  gradually  added  to  cooled  fuming  nitric  acid,  it  di8S(UTes  without 
evolution  of  red  vapouis,  and  water  precipitates  from  the  solution  a  red  mass  soluble 
in  alkalis.  When  the  vapour  (xToidmary  nitric  acid  (of  40^  Bbl)  is  made  to  act  slowly 
upon  orcin,  the  crystals  become  first  brown,  then  red,  and  are  converted  into  a  colour- 
ing matter  different  from,  orcein.  This  red  product  is  soluble  in  water,  alcohol  and 
ether ;  dyes  silk  and  wool  red  without  the  aid  of  a  mordant ;  is  coloured  transiently 
red  by  ammonia,  permanently  by  fixed  alkalis,  and  is  restored  to  its  original  b'ght  red 
colour  by  the  action  of  acids.  Its  aqueous  solution  is  precipitated  bv  oommon-sak,  but 
the  colouring  matter  redissolves  in  water  after  the  salt  has  been  washed  out. 

3.  Orcin  heated  with  solution  of  acid  chromate  of  potassium,  yields  a  brown  sub- 
stance whose  decomposition  is  accelerated  by  addition  of  sulphuric  acid. — 4.  Solution  of 
chloride  of  lime  colours  orcin  deep  violet,  the  tint  gradually  changing  to  brown,  and 
ultimately  to  yellow. — 6.  The  aqueous  solution  of  orcin  mixed  with  csiVjAia  potash  or 
soda^  quickly  attracts  oxygen  and  acquires  a  red  or  brown  colour. — 6.  Dry  amTtumia 
go*  is  absorbed  by  orcin*in  large  quantity,  but  is  given  off  again  on  exposure  to  the 
air.  When  ordn  is  placed  under  a  bell>jar»  together  with  a  basin  containing  aqueouM 
ammonia,  it  gradually  turns  dark  brown,  and  is  converted  into  orcein  (p.  211^ 

C'H»0«  +  NH«  +  0»    -    C»HT^O«  +  2HH). 

7.  The  precipitate  which  orcin  forms  with  ammonio-nitrate  of  silver  is  reduced  by 
boiling;  with  formation  of  a  silver  speculum,  the  liquid  at  the  same  time  turning  red. — 
8.  7H-chloride  of  gold  is  reduced  by  aqueotts  orcin,  slowly  in  the  cold,  immediately 
when  heated,  a  dark  brown  powder  separating  at  the  same  time.    (Schunck.) 

9.  Orcin  heated  to  60° — 80^  with  strong  sulphuric  acid  is  partly  converted  into 
orcin-sulphuricacid,  C'K^'O'.  On  diluting  the  resulting  black  hquid  with  water, 
saturating  with  csirbonate  of  lead,  and  quickly  evaporating  over  the  water-bath,  a  crys- 
talline mass  is  obtained  consisting  chiefiy  of  unaltered  orcin ;  and  when  this  is  re- 
moved by  digestion  with  ether,  a  residue  is  left,  the  hot  aqueous  solution  of  which 
saturated  with  carbonate  of  1^  and  filtered,  deposits  after  a  few  hours,  brownish, 
nacreous,  rectangular  laminse,  consisting  of  basic  ordn-sulphate  of  lead,  C'H'Ppb"S*0*. 
fjpb'^'O'.^HH).  The  mother-liquor  of  these  crystals  yields  a  second  sidt  in  micro* 
•eopic  prisms,  containing  2C'H<Ppb"S*0«J'pb''H'Ol6H''0.  (Hesse,  Jahresb.  1861, 
p.  701.) 

Bubstitution-derivatives  of  Orcin, 

Orrin  ^orms  substitution-derivatives  with  chlorine,  bromine,  and  iodine.  The  chlo- 
rinated and  brominated  compounds  are  obtained  by  the  direct  action  of  chlorine  and 
bromine  on  orcin,  the  iodine-compound  (C'H'I'O')  by  the  action  of  trichloride  of  iodine: 
iodine  itself  does  not  act  upon  ordn. 

Bromaretn.  CH^BrO*.  (Lamparter,  Ann.  Ch.  Pharm.  cxxxiv.  258.)— Obtained 
by  adding  bromine-water  to  aqueous  orcin,  so  long  as  little  or  no  precipitate  is  thereby 
produced,  or  better,  by  mixing  the  two  liquids  in  quantities  containing  2  at.  bromine 
to  1  at^  orcin.  The  resulting  solution  yields  by  evaporation  hard  anhydrous  rhombic 
crystals  of  bromordn,  which  may  be  purified  by  recxystallisation  from  water. 

Bromorcin  is  moderately  soluble  in  hot,  less  soluble  in  cold  water,  extremely  sol- 
uble in  alcohol  and  ether.  Caustic  potash  dissolves  it  with  decomposition  and  brown 
coloration.  It  melts  at  135^,  b^ns  to  sublime  below  100^,  and  decomposes  at  higher 
temperatures.  When  mixed  with  basic  acetate  of  lead,  it  yields  a  white  precipitate, 
from  which  it  is  separated  in  its  original  state  by  sulphydric  acid. 

VMbromorolii.  C'H*Br*0*.  Bromorceid.  (Stenhouse,  FhiL  Trans.  1848,  p.  87. 
— Laurent  and  Gerhard t,  Ann.  Ch.  Phys.  [3]  xxiv.  317.— Lamparter,  Ann.  Ch, 
Phann.  czzxiv.  267.) — This  com^und  is  formed,  together  with  a  brown  resin,  when 
bromine  in  excess  is  added  to  orcin  or  its  concentrated  aqueous  solution  ^Stenhouse; 
iiAvre  nt  and  Oerhard  t);  but  by  adding  bromine- water  to  an  aqueous  solution  of  orcin. 
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the  same  compound  is  obtained,  nnoontaminBted  with  r^in,  as  a  nrarly  eotourless 
cryBtallinp  precipitate,  which  may  be  further  pnrified  by  recrystallisation  from  weak 
spirit  (Lamparter).  It  is  also  produced  by  the  action  of  bromine  on  orsellic  add. 
(Hesse,  Ann.  Ch.  Pharm-  cxrii.  297.) 

Tribromorcin  crystallises  in  fine  colourless  sUky  needles  (Lamparter),  in  reddish- 
white  prisms  (Hesse).  It  melts  at  103°  (Lamparter) ;  at  98^  (Hesse).  It  is  insol- 
uble in  watcTf  very  soluble  in  alcohol  and  ether.  It  decomposes  at  high  temperatures, 
giring  off  hydrobromic  add,  and  Yielding  an  oily  distillate  which  solidifies  on  cooling, 
together  with  a  copious  residue  of  charcoal.  Potash  poured  upon  tribromordn  colours 
it  deep  violet-brown,  and  on  diluting  with  water,  the  whole  dissolTes  with  brownish- 
red  colour.  Ammonia  does  not  pr^uce  this  coloration.  Acid4  destroy  the  colour  of 
the  potassic  solution. 

Tribromorcin  treated  with  bromine  yields  an  easily  fusible  resinous  mass  having  an 
extremely  disagreeable  punoent  odour,  and  probably  identical  with  the  resinous  body 
obtained  by  Stenhouse,  and  by  Laurent  and  Gkrhardt  in  the  prepaiataon  of  tribro- 
morcin. I  at.  ordn  treated  with  4  at  bromine  also  yields  a  black  resinous  mass. 
(Lamparter.) 

THoldororoln.  G'H*G1"0'.  Chlororeetd  (Schunck,  Ann.  Ch.  Pharm.  Ht.  271. 
— Stenhouse,  Phil.  Trana  1848,  p.  88.— DeLuynes,  Ann.  Oh.  Pharm.  czzz.  84). — 
Stenhouse  and  Schunck,  by  treating  orcin  with  chlorine  gas,  obtained  a  ciystalline 
chlorinated  compound  contaminated  with  a  dark  brown  resin,  somewhat  difficult  to 
separate ;  the  crystalline  product  was  not  analysed.  De  Luynes,  by  treating  orcin  with 
hydrochloric  acid  and  chlorate  of  potassium,  obtains  a  product  haying  the  same  physical 
properties,  unoontaminated  with  resin,  and  exhibiting  by  analysis  the  composition  of  tri- 
chlororcin.  It  is  soluble  in  boiling  water,  and  in  alcohol,  from  which  it  crystallises 
in  colourless  needles ;  melts  at  about  169° ;  volatilises  paltially  without  deoompodtion ; 
disBolyes  in  alkalis  ;  does  not  predpitate  an  alcoholic  solution  of  silver-nitrate. 

'  TH-lodoreln.  C^H»PO«  (Stenhouse,  Chem.  Soc  J.  xviL  827).— Produced  by 
the  action  of  trichloride  of  iodine  on  aqueous  orcin.  The  trichloride  is  added  to  the 
dilute  aqueous  solution  in  quantity  not  quite  suffident  to  predpitate  the  whole  of  the 
orcin ;  the  brownish-yellow  adhesive  mass  which  collects  at  the  bottom  is  washed  with 
water,  dried,  and  dissolved  in  sulphide  of  carbon ;  and  the  solution  is  filtered  to  separate 
a  dark  brown  resinous  substance ;  the  greater  part  of  the  sulfide  of  carbon  is  then 
removed  by  distillation,  and  the  ciystau  obtained  on  the  cooling  of  the  solution  are 
drained  from  the  dark  mother-liquor,  washed  with  a  small  quantity  of  cold  sulphide 
of  carbon,  pressed  between  bibulous  paper,  and  twice  recrystallised  from  boiling 
spirit. 

Tri-iodordn  thus  obtained  crystaUises  in  large  transparent,  brittle  plates^  tinged 
with  brown,  and  somewhat  resembling  chloride  of  barium.  They  are  verv  sc^uble  in 
sulphide  of  carbon,  still  more  so  in  ether,  moderately  soluble  in  alcohol,  insoluble  in 
water.  Heated  to  100°  they  gradually  becoiAe  brown.  They  dissolve  in  .caustic 
alkalis,  decomposing,  however,  and  fbrming  deep  brown  solutions.  Strong  nitric  add 
decomposes  them,  slowly  in  the  cold,  rapidly  on  heating  with  evolution  of  nitrous 
fumes  and  iodine  vapour.  Sulphuric  acid  does  not  act  upon  than  in  the  cold,  but  on 
the  application  of  heat  the  crystals  char  and  give  off  vapour  of  iodine. 

Compounds  homologous  with  Ordn, 

BetttH>rola.  (>[H>«0'?  (Stenhouse,  PhiL  Mag.  [8]  xxziii.  300;  Ann.  Cbu  Pbann. 
IxviiL  104).-*  This  compound  is  produced  from  usnic  add,  by  the  action  of  heator  by  boiling 
with  caustic  alkalis  or  alkaline  earths.  Usnic  add  submitted  to  dry  distillation  yields 
a  sublimate  together  with  an  empyreumatic  liquid  and  a  laige  carbonaceous  rendue. 
On  treating  the  entire  distillate  with  water  and  evaporating  to  a  syrup,  the  reddue 
deposits  after  some  days  brown  crystals  of  iS-orcin,  which  may  be  punfied  by  treatment 
with  animal  charcoal,  and  repeated  crystallisation  from  weak  spirit  The  treatment  of 
usnic  acid  with  alkalis  is  a  less  advantageous  mode  of  preparation,  as  a  oondderable 
portion  of  the  product  is  then  converted  into  redn. 

Beta-orcin  forms  shining  crystals  belonging  to  the  dimetric  system,  and  oft^n  of 
considerable  size.  Observed  combination  odP  .  P  .  4P  .  oP  .  ooPoo  .  Poo .  Angle 
4P  :  oP  =  130°  67';  P:  oP  -  113°  27';  Poo  :  oP  «  120°31';  P  :  ooP  -  166° 33'; 
|P:  ooP  -  139°  3';  Poo  :  ooPoo  «  148°  29'.  No  perceptible  deavage  (Miller), 
it  is  moderately  soluble  in  cold  water,  but  less  so  than  ordn,  easily  soluble  m  boiling 
water,  also  in  alcohol  and  in  ether.  It  has  a  slightly  sacdiarine  taste,  and  is  neutnd 
to  reagents.  It  sublimes  unaltered,  easily  takes  fire  and  bums  with  a  smoky 
flame. 

Dried  in  vacuo,  it  gave  by  analyds  68-84— 69*20  per  cent  carbon,  and  7*22 — ^7*60 
hydrogen,  whence  Stenhouse  deduced  the  formula  C^'H'K)*,  requiring  68-68  C,  7*22  H, 
and  2410  0.     Gerhardt  (TraiU,  iii.  321)  proposed  the  fbrmu]aO*H*K)<  (rsquiring 
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60^56  C,  7*24  H,  and  23'20  O),  according  to  which  the  compoand  is  homologous  with 
orm,  and  metamerie  with  anisic  alcohoL  Strecker  (Ann.  Ch.  Pharm.  Ixviii.  114) 
had  preTionsly  suggested  the  fonnula  2C"H'"0«.3H«0  (requiring  687  C,  and  7*1  H), 
according  to  which,  its  formation  from  nsnic  acid  (supposing  the  latter  to  be  C'*H"0^) 
would  be  represented  by  the  equation :  C»»H»0'  «  C"H:'»0«  +  2C0«. 

The  ciystals  of  jS-orcin  do  not  lose  anything  in  a  Tacuum  over  oil  of  vitriol ;  but 
when  heated  over  the  water-bath,  they  give  off  a  considerable  quantity  of  water.  They 
do  not  melt  at  109^. 

Beta-orcin  treated  with  ammonia  acquires  a  splendid  red  colour  in  a  few  minutes, 
the  eflfect  taking  place  much  more  quickly  than  with  orcin.  With  solution  of  hydrate 
or  carbofuiU  of  potassiunif  it  forms  a  substance  of  a  fine  purple  colour.  Solution  of 
chloride  of  Ume  colours  it  blood-red,  not  violet  like  orcin. 

The  akohoUe  solution  of  /9-orein  does  not  precipitate  silver-nitrate,  either  pure  or 
mixed  with  ammonia,  nor  the  salts  of  barium,  lead,  iron,  or  copper.  It  does  not 
precipitate  neutral  acetate  of  lead,  but  with  the  hasio  acetate,  it  forms  a  copious 
precipitate  which  is  soluble  in  excess  of  the  lead-solution,  and  quickly  acquires  a  deep 
red  <»lour  on  exposure  to  the  air. 

2.  mMorein.  C«H*0*  (Hlasiwetz  and  Barth,  Ann.  Oh.  Pharm.  cxxx.  3d4).—A 
compound,  isomeric  with  pyrocatechin  and  hydroquinone,  produced  by  the  action  of 
melting  potash  on  galbanum.  To  prepare  it,  the  resin,  freed  by  alcohol  from  its 
gummy  ccmstituents,  is  fused  with  ^  to  3  pts.  hydrate  of  potassium  till  the  mass 
becomes  homogeneous.  Water  is  then  added,  the  liquid  acidulated  with  sulphuric 
add,  and  filtered  when  odd;  the  filtrate  shaken  two  or  three  times  with  ether;  the 
etheral  solution  distilled ;  and  the  residue,  after  being  evaporated  to  a  certain  extent 
over  the  water-bath,  is  introduced  into  a  retort  and  distilled  over  an  open  fire.  The 
first  iportion  of  tiie  distillate  is  wateiy  and  contains  volatile  acids ;  but  afterwards  an 
oily  bquid  passes  over  which  soon  solidifies  in  radiating  crystals.  The  product  may 
be  freed  from  adhering  volatile  acids  by  dissolving  it  in  a  sm  .11  quantity  of  warm 
water,  supersaturating  with  bazyta- water,  and  again  agitating  with  ether.  On  remov- 
ing the  ether  by  distiUation,  ther^  remains  a  syrupy  residue  which  soon  crystallises 
and  may  be  further  purified  by  redistillation.  The  treatment  with  baryta  may  be  cUs- 
pensed  with  by  repeatedly  diAilling  with  the  thermometer,  and  collecting  only  those 
portions  which  pass  over  between  269^  and  272^. 

Besorcin  is  very  soluble  in  water,  alcohol,  and  ether,  insoluble  in  sulphide  of  carbon* 
and  in  chloroform.  It  crystallises  only  from  very  concentrated  solutions,  in  tabular 
crystals  or  short  thick  pnsms  belonging,  like  orcin,  to  tlie  trimetric  system.  When 
recently  prepared  it  is  quite  colourless,  but  acquires  a  &int  reddish  tint  by  keeping  or 
by  exposure  to  the  air.  It  melts  at  99^,  and  begins  to  volatilise  at  a  slightly  higher 
temperatore ;  boils  at  271^,  and  distils  almost  without  residue;  bums  with  a  brisht 
flame.  It  has  a  neutral  reaction  and  a  strong  unpleasant,  sweet,  and  somewhat 
irritating  taste.  It  gives  by  analysis  65*1  and  65*5  per  cent,  carbon  and  5*7  hydrogen, 
the  fonnula  requiring  65*5  C  and  6'6  H.  Vapour-density,  obs.  =:  4*1 ;  calc.  a  3*8  (the 
residue  in  the  globe  was  dark  brown,  the  substance  having  been  partly  decomposed  by 
the  high  temperature  required). 

The  aqueous  solution  forms  with  ferric  chloride  a  dark  violet-coloured  liquid,  which 
on  addition  of  ammonia  deposits  ferric  oxide  and  becomes  colourless.  Chloride  of 
Ume  produces  a  violet  colour  not  very  perman«it.  The  solution  mixed  with  ammonia 
and  exposed  to  the  air,  becomes  rose-red,  afterwards  darker,  and  ultimately  brownish. 
The  ammoniacal  solution,  evaporated  at  a  gentle  heat^  dries  up  to  a  daric  blue  mass^ 
which  redissolves  in  water  with  blue  colour,  and  is  reddened  by  acids.  Kesorcin  re- 
daees  nitrate  of  eilver  at  the  boiling  heat,  on  addition  of  ammonia.  Heated  with  an 
alkaline  cupric  solution,  it  throws  £>wn  cuprous  oxide. 

lythromo-resorcin,  CR^B^O*,  is  precipitated  cm  adding  bromine-water  to  an 
aqueous  solution  of  resorein,  in  smiul,  bulky,  interlaced  needles^  sparingly  soluble 
in  cold  water,  more  easily  in  boiling  water,  also  in  alcohol. 

OXaBUUW.  A  yellow  colouring  matter  contained,  together  with  bixin  (i.  600), 
in  annotto.  Jt  is  soluble  in  water  and  in  aloohol,  slightly  soluUe  in  ether,  and  dyes 
alomed  goods  yeUow.    (ChevreuL) 

OXWMIH^ZVs  CH'O*. — ^A  substance  isomeric  with  benssoic  acid,  obtained :  1.  By 
treating  hydrochlorate  of  athamantin  with  boiling  water ;  sometimes,  however,  this 
process  yields  oreoselone  ^Schnedermann  and  Winckler,  Ann.  Ch.  Pharm.  li. 
815). — 2.  By  the  action  of  alcoholic  potash  on  peucedanin  (Wagner,  J.  pr.  Chem. 
Ixii  275) : 

C'«H»«0«  +  KHO     -    C'H«0*  +  C»H»K:0». 
Peuefldanio.  OreoMlio.        AngeUte  of 

potaMium. 
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It  crystallises  in  fine  silky  needles,  slightly  soluble  in  cold  water,  rearj  soluble  in 
alcohol  and  ether,  also  with  yellow  colour  in  dilute  potash;  less  easily  in  ammonia,  the 
solution  yielding  a  yellow  precipitate  with  acetate  of  lead. 

0B80SB&0WB.  Ci^H><K>«.— This  body,  the  anhydride  of  oreoselin  (20^*0'  — 
H^O  »  C"li>*0*),  is  produced  by  the  decomposition  of  athamantin  (Schnedermann 
and  Winckler,  loc,  cit.) : 

AtbAmaoUn.  Oreoseloae.        Valerianic 

acid. 

To  prepare  it,  hydrochloric  add  gas  is  passed  over  dry  athamantin  till  complete  lique- 
faction takes  place ;  the  mass  is  heated  to  expel  valerianic  acid ;  and  the  amorphous 
porous  mass  obtained  on  cooling  is  purified  by  crystallisation  from  boiling  alcohol,  in 
which,  however,  it  is  but  slightly  soluble. 

Oreoselone  crystallises  in  nodules  or  caulifiower-like  masses  composed  of  fine  needles 
grouped  concentrically.    It  is  tasteless  and  inodorous,  insoluble  in  water ;  alkalis  dis- 
solve it,  forming  red  solutions  from  which  acids  precipitate  it  slightly  modified.    It 
melts  at  190^  to  a  dear  liquid,  which  carbonises  at  a  higher  temperature. 

See  Analtsis,  Osoanic  (i.  225). 

•  The  peculiar  character  of  the  chemical  compounds 
formed  in  the  bodies  of  plants  and  animals,  and  the  failure  of  the  earlier  attempts 
to  produce  them  by  artifidal  means,  led  to  the  erroneous  idea  that  their  formation 
was  due  to  a  mysterious  power  called  *'  vital  force,"  supposed  to  reside  in  the  living 
organism,  and  to  govern  all  the  changes  and  processes  taking  place  within  it.  In  ac- 
cordance with  this  idea,  the  chemistry  of  organic  compounds,  including  those  which 
were  formed  by  artificial  processes  from  the  products  of  vegetable  and  animal  life,  was 
erncted  into  a  special  branch  of  chemical  science.^ 

Later  researches  have  however  shown  that  a  large  number  of  compounds,  formerly 
regarded  as  producible  only  under  the  infiuence  of  the  so-called  vi£d  force,  may  be 
formed  either  by  direct  combination  of  their  elements,  or  by  chemical  transformation 
of  inorganic  compounds. 

The  first  step  in  the  formation  of  organic  compounds  irom  their  elements,  was  made  by 
Wo  h  1  er,  who  showed  in  1828  that  urea  can  be  produced  by  molecular  transformation  il 
cyanate  of  ammonium.  This  experiment,  viewed  m  conjunction  with  the  fact  subsequently 
established  by  Fo  w  n  e  s  in  1841,  that  cyanogen  can  be  formed  by  direct  combination  of  its 
elements  (ii.  198),  is  conclusive  of  the  possibility  of  forming  a  product- of  the  livingorganism 
from  inorganic  materials.  At  the  time  of  Wohler's  discovery,  however,  cyanogen  had 
not  been  obtained,  excepting  from  substances  originally  derived  from  the  vegetable  or 
animal  organism,  and  accordingly  the  idea  of  the  peculiar  nature  of  organic  compounds, 
as  essentially  products  of  life,  still  maintained  ita  ground.  Even  in  the  first  volume  of 
Gmelin's  Organic  Chemistry  (published  in  1848)  we  find  it  stated  that  '*the  bodies  of 
the  organic  kingdom  are  distincnished  from  those  of  the  inorganic  kingdom  by  their 
inherent  vital  force,"  although  m  the  course  of  the  same  volume,  several  instances  are 
mentioned  of  the  formation  of  organic  compounds  from  inorganic  materials,  viz. : — I.  The 
formation  of  cyanogen,  as  above  mentioned,  by  passing  nitrogen  gas  over  a  mixture  of 
charcoal  and  potassic  carbonate ;  also  that  of  cyanide  of  ammonium  by  heating  a  mix- 
ture of  sal-ammoniac,  plumbago  and  lime  or  oxide  of  lead ; — 2.  The  formation  of  oily 
and  mould-like  compounds  by  the  action  of  acids  on  carburetted  iron ; — 3.  The  forma- 
tion of  the  acid  CHC1*S0*  from  the  compound  CCl^SO*  (itself  produced  bv  the  action 
of  chlorine  and  water  on  sulphide  of  carbon,  i.  776),  and  its  conversion  into  CH*SO* 
by  the  action  of  reducing  agents.  — 4.  The  formation  of  tetrachloride  of  carbon,  CCl*, 
by  the  action  of  chlorine  on  disulphido  of  carbon ;  the  conversion  of  the  tetrachloride 
into  the  dichloride,  COlS  by  passing  it  through  a  red-hot  tube ;  the  formation  of  tri- 
chloracetic acid  (i.  877)  from  the  last-mentioned  compound,  by  the  action  of  chlorine 
and  water  in  sunshine ;  and  the  conversion  of  the  trichloracetic  into  acetic  acid,  by  the 
action  of  reducing  agents. — 5.  The  formation  of  sulphocyanate  of  ammonium  by  the 
action  of  ammonia  on  sulphide  of  carbon. — 6.  The  formation  of  rhodizonic,  croconic 
and  oxalic  acids,  together  with  mould-like  substances,  in  the  ordinary  process  of 
preparing  potassium.  Gmelin  observes,  however,  that  on  the  whole  it  appears  that  only 
the  lower  order  of  organic  compounds,  namely  those  which  contain  but  few  atoms  of 
carbon,  can  be  formed  artificially  from  inorganic  materials,  excepting  perhaps  the 
mould-like  substances ;  and  he  further  expresses  a  doubt  whether  all  carbon  compounds, 
even  sulphide  of  carbon,  carbonic  oxide  and  carbonic  acid,  ought  not  to  be  regarded  as 
organic. 

The  question  of  the  formation  of  organic  compounds  from  their  elements  has  however 
been  completely  set  at  rest  by  the  classic  researches  of  Berth  el  ot,  who  showed  in 
1856  that  formate  of  potassium  is  produced  by  the  direct  union  of  carbonic  oxide 
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nith  hjdrato  of  pota«iiim  (iii.  683),  and  sabeeqnentlj  that  acetylene  may  be  fonned 
by  the  direct  combination  of  carbon  with  hydrogen,  and  that  marsh-gas,  ethylene,  and 
MTeral  of  ita  homologaes  may  likewise  be  fonned  from  inorganic  materiab  (see 
Htdbocabboms,  iiL  188).  These  hydrocarbons  may  be  converted  into  alcohols,  e,  g, 
marsh-gas  into  methylic  alcohol  (iii.  988),  and  ethylene  into  ethyUe  alcohol  (i.  72);  and 
from  the  alcohols,  by  well-known  processes,  a  large  number  of  other  compounds  may  be 
obtained,  namely  aldehydes,  acids,  acetones,  ethers,  amines,  oisano-metailic  bodies,  &c. 
Another  kind  of  chemical  transformation,  formerly  supposed  to  be  peculiarly  a  func- 
tion of  the  living  oiganism,  is  the  formation  of  compounds  containing  a  greater  number 
of  carbon-atoms  from  others  containing  a  smaller  number.  In  the  earlier  days  of  organic 
chemistry,  indeed,  the  principal  agent  of  transformation  known  was  oxidation,  by  which 
an  organic  body  is  for  the  most  part  lowered  in  the  scale,  its  carbon  and  hydrogen; 
being  gradually  burnt  away,  until  at  length  the  whole  is  resolved  into  carbonic  anhydride 
and  water,  together  with  ammonia  if  nitrogen  is  also  present.  The  possibility  of  effecting 
the  opposite  kind  of  transformation,  of  buuding  up  organic  compounds  from  others  lower 
in  the  scale — that  is  containing  a  smaller  number  of  atoms  of  carbon  or  hydrogen,  or  both — 
has  however  been  demonstrated  in  a  great  number  of  instances.  Thus  it  has  been  known 
for  some  years  that  naphthalene,  0**11",  may  be  formed  by  passing  the  vapour  of  alcohol 
or  ether,  or  the  vapours  evolved  by  the  dr^  distillation  of  benzoate  of  calcium,  through  a 
red-hot  tube.  Other  instances  of  the  building  up  of  organic  compounds  from  others  of 
lower  order  are  theproduction  of  potassic  oxalate  from  the  formate,  by  heating  with 
potash-lime  (20HEA)*  ^  0%<0«  +  H') ;  the  formation  of  decatylene,  O^'H**,  and 
many  other  of  the  higher  olefines  by  distilling  amylic  alcohol,  C*H*^,  with  phosphoric 
anhydride  or  chloride  of  zinc ;  the  conversion  of  urea  by  heat  into  cyanunc  acid ;  of 
sulphobenzene,  0'fi**S,  bv  dry  distillation  into  stilbene,  0*^H'*,  &c.  &c  (see  €hnelin*s 
Handbook,  viL  43).  Of  ur  greater  importance,  however,  than  these  isolated  instances 
of  the  accumulation  of  carbon-atoms  by  artificial  means,  are  the  general  methods  which, 
have  been  discovered  of  building  up  the  terms  of  homologous  series — especially  that 
discovered  by  Mendius,  namely  the  conversion  of  the  qranide  of  an  alcohol-radicle 
into  the  amine  of  the  radicle  next  higher  in  the  series,  e.  g,  cyanide  of  hydrogen  into 
methylamine,  cyanide  of  methyl  into  ethylamine,  &c.  (see  Homologous  Substancbs, 
iii.  164). 

Since  then  the  simpler  organic  compounds  can  be  formed  from  inozganic  materials, 
and  from  these  a  la^  number  of  the  more  complex  compounds  can  be  synthetically 
produced,  it  seems  not  improbable  that  all  the  proximate  principles  of  the  vegetable 
and  animal  oieanisms  will  ultimately  be  formed  from  their  elements  by  artificial  means. 
The  notion  of  organic  compounds  bB  constituting  a  class  essentially  distinct  from 
inozganic  or  minenl  compounds  in  their  formation  and  constitution,  must  therefore  be 
abandoned.    Still  the  marked  peculiarities  of  character  by  which  bodies  of  vegetable 
aud  animal  origin,  and  those  formed  from  them,  are  for  the  most  part  distinguished  from 
those  of  purely  mineral  origin,  especially  their  more  complex  constitution  and  ready 
decomposibili^,  as  exhibit^  in  their  behaviour  when  heated,  and  by  the  phenomena 
of  fermentation  and  putrefaction,  have  led  to  various  attempts  to  define  oxganic  com- 
pounds in  a  more  satisfactory  manner.     Thus  liebig  rormerly  defined  Organic 
Chemis^  as  the  **  Chemistry  of  Compound  Badides."    Such  a  definition,  however, 
cannot  be  maintained  at  the  present  day,  when  almost  every  class  of  salts^  of  mineral 
as  well  as  of  organic  origin,  is  supposed  to  contain  a  compound  radicle,  e.g,  NO'  in  tha 
nitrtftes,  80'  in  the  sulphates,  &c.     Gmelin  in  his   "  llandbook "   defines  organio 
chemistry  as  the  "  Chemistry  of  carbon-compounds  containing  more  than  1  atom  of 
carbon"  (0=6).  This  definition  excludes  the  simple  carbon-compounds,  CO,  CO*,  CS*, 
which  are  usually  regarded  as  inorganic.    It  is  impossible,  however,  to  6tn,w  any  pre- 
cise line  of  demarcation,  with  regard  to  properties  and  mode  of  formation,  between 
these  bodies  and  others,  such  as  acetylene  and  marsh-gas,  which  this  definition  would 
include  among  organic  compounds:  indeed  Chnelin  himself,  as  already  observed, 
suggests  the  propriety  of  cons  idering  all  compounds  containing  carbon  as  organic. 
Such  is'  in  fiict  the  conclusion  at  which  we  must  ultimately  arrive  respecting  the 
meaning  of  the  term  Organic  Chemistry,  namely  that  it  signifies  the  Chemistry 
of  Carbon -com  pounds;  and  in  this  sense  it  is  used  by  Gbrhardt  in  his  IV'aitS  de 
Chemie  organique,  and  by  KekuU  in  his  Lehrbuch  der  Oraaniachen  Chemie, 

The  study  of  the  chemical  processes  which  take  place  in  the  bodies  of  living  plants 
and  snJmals,  and  of  the  composition  and  properties  of  the  complex  fiuids  and  organs 
of  those  bodies,  is  the  province  of  Physiological  Chemistry,  a  branch  of  the 
science  which  bears  the  same  relation  to  organic  chemistry,  or  the  chemistry  of  carbon- 
compounds,  that  chemical  geology  bears  to  mineral  chemistry. 

OXOAV<l*MBTA]iXXO  BOMSS.  This  term  is  applied  to  a  numerous  class 
of  compounds  in  which  an  organic  radicle  such  as  ethyl  is  directly  combined  with  a 
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metal,  and  sertea  to  distingaiBh  thetn  from  other  oiganic  oompoonds  containiiitf 
metolfi,  but  in  which  the  metel  is  indirectly  united  or  linked,  as  it  were,  to  the  met«I 
by  diatomic  oxygen.  Although  oxgano-metallic  bodies,  conistituted  according  to  this 
definition,  are,  with  one  exception,  the  creation  of  the  last  sixteen  years,  yet  their 
derivatives  have  been  known  for  a  much  longer  period.  From  the  time  that  an 
organic  acid  was  first  united  with  a  metallic  base,  these  organic  compounds  containing 
motals  indirectly  united  date  their  existence.  It  is  true  that  these  derivatives  have 
not  been  regazded  from  this  point  of  view;  but  a  little  consideration  will  serve  to  show 
that  they  stand  in  the  same  relation  to  organo-metallic  bodies  in  the  strict  sense  of  the 
term,  as  the  ethers,  alcohols,  acids,  and  numerous  other  organic  families  occupy  with 
r^ard  to  the  alcohol-radicles  from  which  they  are  derived.  Thus  the  oigano-metallie 
compound  2inc-ethyl  yields  by  oxidation  ethylate  of  zinc ; — 

^  ic«H»     +     0»        «        Zn  Jq(^3. 
ZlnceihyL  Ethylate  of  sine. 

A  body  which,  although  unknown  until  formed  by  this  reaction,  has  undoubted  and 
well-known  analogues  in  the  ethylates  of  potassium  and  sodium. 

By  suitable  processes  of  oxidation,  ethylate  of  zinc  may  be  converted  into  acetate  of 
anc 

^°  |0C*H»     +     O*         -        Zn  |qq,h,q     +     2HK). 
Ethylate  of  i  ino.  Acetate  of  zinc. 

The  ethyl-compounds  of  potaBshim  and  sodium  also  pass  through  analogous  phases 
of  oxidation. 

Again  potassium- ethyl  and  sodium-ethyl,  under  the  infiuence  of  carbonic  acid,  yield 
the  propionates  of  potassium  and  sodium : 

KCH*     +     C0«        =        KOCHH). 

Potatfiam-ethyl.  Froploiiate  of  potastlan. 

The  same  result  may  also  probably  be  reached  b^  two  distinct  stages,  tiz.,  first  by 
the  conversion  of  potassium-^yl  and  sodium-ethyl  into  the  ethylates  of  potassium  and 
sodium: 

KC«H»     +     0        «        KOCTH* 

FotaMium-  Ethylare  of 

ethyl.  potaiiium. 

and  secondly  by  the  action  of  carbonic  oxide  upon  these  bodies: 

KOC*H»     +    CO      -      KOC"H»0. 

Ethylate  of  Propionate  of 

potassium.  potassium. 

The  second  stage  of  this  conversion  has  not  yet  been  experimentally  realised,  but 
Berthelot's  production  of  formate  of  potassium  from  carbonic  oxide  and  hydrate  of 
potassium  ^chibits  a  homologous  reaction. 

These  examples  serve  to  point  out  the  relations  existing  between  oigano-metallic 
bodies  in  the  usual  acceptation  of  the  term,  and  that  fu  more  numerous  dass  of  deri- 
Tatiyes  to  which  the  same  name  mi^t  without  impropriety  be  applied ;  but  it  is 
scarcdy  necessaiy  to  remark  that  the  present  article  will  be  confined  to  the  considera- 
tion of  organo-metallic  bodies  in  the  usual  and  more  restricted  sense  of  the  term.  * 

FofiHATiox  OF  Oboako-icxtaxxic  Boddss. 

Ozgano-metallic  bodies  can  be  produced  by  a  great  variety  of  processes ;  but  these 
numerous  methods  of  formation,  with  veiy  few  exceptions,  admit  of  being  grouped 
under  four  heads. 

1.  Formation  by  union  of  the  Organic  Sadide  in  statu  naseenti  with  the  metal,  or  by 
the  coaleeoence  of  the  latter  with  the  iodide  of  the  Organic  Sadide. 

By  this  method,  the  organic  radicle  is  almost  invariably  presented  to  the  metal  in  the 
form  of  iodide, — a  state  of  combination  suzpassing  all  others  in  the  flocility  with  which 
the  two  components  separate  under  the  influence  of  chemical  affinity.  The  metal, 
made  to  present  as  lazge  a  surface  as  possible  by  granulation  or  otherwise,  is  placed 
in  contact  with  the  ozganic  iodide  and  heated  in  a  dose  vessel  of  adequate  strength  to 
resist  the  pressure  of  the  vapours  and  gases  generated. 

For  a  figure  and  description  of  the  apparatus  see  Bath  (i.  521). 

In  some  cases  the  agency  of  light  may  be  advantaeeously  employed  to  replace  that  of 
heat  as  in  the  formation  of  organo-tin  compounds,  n^ilst  in  the  case  of  mercurial  com- 
pounds, solar  radiation  is  almost  essentially  necessary.  Where  light  is  employed,  the 
^kiaterials  are  endosed  in  g^ass  vessels  which  are  then  exposed  either  to  difiuse  daylight. 


direct  sunlight,  or  to  the  solar  ravs  oonoentnited  by  a  parabolic  reflector.  In  the  latter 
caae  the  Tesflel  may  be  muronnded  by  water  or  by  a  solution  of  sulphate  of  copper  to 
absorb  the  calorific  rays. 

The  organic  compounds  of  zinc^  cadmium,  magnesium,  aluminium  and  glucinum 
are  produced  by  the  thermal  process,  those  of  tin  may  be  formed  either  Ify  the  thermal 
or  by  the  light  process,  whilst  the  oigano-compounds  of  mercury  can  only  be  generated 
in  the  dass  of  process  now  under  aiscussion  by  luminiferous  agency.  The  thermal 
method  of  procedure  is  well  illustrated  in  the  preparation  of  gincethyt 

.The  reaction  which  ocean  on  heating  sine  and  iodide  of  ethyl  is  usually  ezpsMMed 
by  the  following  equation : 

lodMe  of  ethyl.  Zinc-ethjl. 

The  actual  chemical  changes  occurring  in  the  fbrtnation  of  rincethyl  aM,  howerer,  by 
no  means  so  simple.  This  body  is  found  in  a  free  state,  in  rery  small  quantity  only, 
amongst  the  products  of  the  reaction  of  zinc  upon  iodide  of  ethyl,  but  there  exxsta 
amongst  these  products  a  ciystalline  body  whicn  contains  zine,  eUiyl,  and  iodine^  and 
may  be  regarded  as  formed  according  to  the  equation : 

(?H»I     +     Zn        »        Zn''(C«H»)L 
Iodide  of  Ettaiodide  of  sine, 

ethyl. 

This  compound  is  decomposed  at  about  150^/ yielding  iodide  of  zinc  and  zinc^ 
ethyl: 

2Zn"(C'H»)I        «        Zn'XC*H»)«     +     Zn1«. 

Bthiodldeofxine.  Ziocethyl. 

Contemporaneously  with  the  first  of  the  above  reactions,  there  occur  others  in  which 
ethyl,  hydride  of  ethyl,  and  ethylene  are  produced.  The  separattoii  of  ethyl  in  Uiitf 
reaction  is  doubtless  due  to  the  direct  action  of  zinc  upon  iomde  of  ethyl : 

2(C*H*)I     +     Zn        «        (C«H»)«     +     TaTP 
Iodide  of  ethyl.  EthyL 

whilst  the  appearance  of  the  secondary  products,  ethylene  and  hydride  of  ethyl|  results 
from  the  action  of  the  ethiodide  of  zinc  upon  iodide  of  ethyl : 

Zn-CCPH*)!     +     C«H*I        «        C«H».H     +     C«H«     +     Zn"P. 

Ethiodide  of         '     Iodide  of  Hydride  of        Ethylene, 

line.  ethyl.  ethyl* 

Kotwithstanding,  howeyer,  the  intermediate  formation  of  ethiodide  of  zinc,  in  the 
manner  aboTO  indicated,  the  final  result  of  the  reaction  is  correctly  expressed  in  the 
first  of  the  above  equations. 

The  reactions  by  which  ethyl,  hydride  of  ethyl,  and  ethylene  are  produced  can  be 
almost  completely  avoided  by  the  admixture  of  an  equal  volume  of  anhydrous  ether 
with  the  ioaide  of  ethyL    The  yiehl  of  zincethyl  is  thus  pro}k>rtionately  increased. 

Zinc-methyl  and  zinc-amyl  may  be  also  thus  produced,  but  they  are  obtained  in  a 
state  of  parity  with  extrane  difficulty,  and  are  therefore  more  advantageonsh'  prepared 
aeoording  to  the  fourth  method  of  formation*  No  attempt  has  y«t  been  made  to  form 
the  corresponding  compounds  of  the  remaining  alcohol-radides. 

Organo-compounds  of  TVn. — Although  these  bodies  can  be  obtained  by  other  pro* 
eeases,  the  general  method  we  are  now  considering  is  doubtless  the  most  convement 
mode  of  producing  most  of  them.  Tin  is  capable  of  fottning  three  distiaet  dassee  of 
binaiy  inorganic  compounds  which  may  be  represented  by  the  finUowing  general  forw 
make: 

This  threefold  atomic  character  of  the  metal  renders  the  result  of  its  action  npon  the 
iodides  of  the  alcohol-radicles  considerably  less  simple  than  that  of  zinc  Without 
taldng  into  account  compounds  to  which  a  still  more  complex  constitution  has  been 
assigned,  the  existence  of  the  following  series  of  organo-metallie  bodies  containing  tin 
has  been  established :  * 

1st  Serlei.  Sad  Series.  3rd  Series. 

•  In  theee  fimnute  R+  represents  a  poAltire  organic  radicle,  and  R-  a  negatlTe  ndide :  bo  negatiTe 
organic  radide  as  sndi,  has  yet  been  introduced  into  these  conpooads . 
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fthSwIa. 

ftth  SeriM. 

6fcb  ScrlM. 

/K  + 

rR+ 

rR+ 

n**. 

R  + 
R+ 

Sn*'. 

R  + 
R  + 

8n«V 

R-i- 
R- 

R  + 

[R^ 

R- 

The  second  and  fourth  of  these  series  have  not  yet  been  prodaced  bj  the  method  we 
an  now  considering. 

FxBST  Sbbbs.  SiannouB  eihide  \^^)ntYi*)  ^  P'od^i'Oed  in  small  quantities  by 
the  action  of  heat  upon  a  mixture  of  iodide  of  ethyl  and  tin : 

2((?H*)I     +     Sn«        -        Sn''(C«H»)»     +     Sn"!*. 
Iodide  of  eth  jl .  SUnnoiu  etiilde. 

Stannous  methide  is  doubtless  formed  under  similar  conditions. 
The  THiBD  Sbbibs  of  stann-organic  compounds  is  formed  by  reactions,  of  which  the 
following  may  be  regarded  as  a  type : 

4{CH»)I    +    Sn»        •        2[8n7CH»)«I]     +     SnP. 
Iodide  of  Dimeibiodido 

methyl.  of  tio. 

FiFTK  SxBiBS. — The  following  chemical  change  expresses  the  mode  of  fonnation  of 
compounds  belonging  to  this  series : 

8(CH«)I     +     8n«        -         8n»^(CH»)«I    +     8n1«. 
Iodide  of  SUQnic  lodo- 

methyl.  trimethide. 

Sixth  Sbbibs. — The  most  abundant  products  of  the  action  of  tin  upon  the  iodides 
of  the  alcohol-xadides  belong  to  this  series ;  indeed,  if  the  action  be  produced  l^  light 
instead  of  heat^  they  are  formed  almost  to  the  complete  exclusion  of  the  others.  It  is 
necessary,  however,  to  remark  that  the  materials  exposed  to  light  should  be  completely 
excluded  from  atmospheric  oxygen,  otherwise  the  bquid  assumes  an  orange  colour,  and 
the  action  is  so  effectually  arrested  that  an  exposure  for  several  months  to  sunlight, 
concentrated  by  a  parabolic  mirror,  will  scaroely  produce  any  appreciable  change. 
The  following  reaction  explains  the  formation  of  bodies  belonging  to  this  series : 

2(Cfl«)I    +    Sn     -     8n''(CH»)«P. 

Iodide  of  Sunnle 

methyl.  dimcthiodide. 

It  is  evident  that  three  series  of  tin-compounds  are  still  wanting  to  complete  tiie 
category,  viz. : 

It  is  somewhat  remarkable  that  no  organo-tin  compounds  containing  only  one  equiva- 
lent of  positive  radide,  have  hitherto  been  produced.  The  inference  to  be  drawn  from 
this,  that  such  bodies  do  not  exists  must  be  checked  by  the  fact  that  no  special  attempts 
have  yet  been  made  to  form  them. 

Ofyano-compQunds  of  Mercury, — ^The  reaction  of  mercury  upon  the  iodides  of  the 
alcohol-radicles  sives  rise  to  two  series  of  organic  compounds,  the  general  formule  of 
which  may  thus  De  written : 

\%i  Serlei .  Snd  Series. 

=«"1b1  =8"  11: 

The  first  series  only  of  these  bodies  can  be  produced  by  the  general  mode  of  forma- 
tion now  under  consideration ;  but  the  members  of  the  second  series  are  readily  obtained 
by  the  action  of  an  organo-zinc  compound  upon  those  of  the  first. 

For  the  production  of  the  first  series  of  these  bodies,  the  action  of  light  is  essential 
(except  in  the  case  of  mercuric  iodo-allide),  no  elevation  of  temperature  being  capable 
of  producing  the  chemical  change.  The  following  equation  suffidenUy  exhibits  the 
nature  of  the  reaction : 

CH»I    +    Hg     -     Hg"(CH»)I. 

Iodide  of  Mercuric 

methyl.  lodomethlde. 

For  the  production  of  the  methyl-compoimd,  bright  sunlight  may  be  employed ;  but 
the  reaction  for  the  ethyl-body  must  be  conducted  in  difiused  daylight  only,  otherwise 
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BO  cngano-inetallie  compound  will  be  prodaced,  tiie  ethyl  being  eliminated  chiefly  aa 
auch,  but  partly,  also,  as  hydride  of  ethyl  and  ethylene : 

2(C»H»)I    +    Hg      -      Hg1«    +     (?H».CTB[». 

Iodide  of  «thjrl.  Ethyl. 

2(C*H»)I    +    Hg      =      Hg^P    +     0«H».H     +     C*H\ 

lodid*  of  Hydride  of  Ethylene 

ethyl.  ethyl. 

In  addition  to  these  bodies,  oomponnds  containing  arsenic  and  antimony  can  also  be 
prodaced  by  this  general  mode  of  formation ;  but  they  are  obtained  with  greater  facility 
oy  the  second  method,  which  will  now  be  described. 

2.  FormaHon  of  OrgaiKMnetaUie  bodies  by  the  action  of  the  reepeeiive  MetttU  alloyed 
with  Potassium  or  Sodium  upon  the  Iodides  of  the  Alcohol'Todides. 

The  principles  inyolved  in  this  second  general  mode  of  production  are  essentially  similar 
to  those  in  the  firsts  but  there  is  here  less  tendency  to  form  compounds  containing 
negatire  as  well  as  positive  radicles.  The  simultaneous  production  of  an  organo-potas- 
sium  or  sodium  compound  need  not  be  feared,  since  such  compounds  cannot  exist  in  the 
presence  of  the  iodides  of  the  alcohol-radicles. 

This  mode  of  fonnation  will  be  sufficiently  illustrated  by  the  following  reactions : 


Arsefuc-^ompounds, 


4(CH»)I 

Iodide  of 
mocbyL 

3(CH»)I 
Iodide  of 
methyl. 

4(CH«)I 

iodide  of 
metbjL 


3(CH»)I 

Iodide  of 

methyl. 

4(CH»)I 

Iodide  of 

methyl. 


2(CH")I 

Iodide  of 
methyL 

6(CH")I 
Iodide  of 
methyl. 

4(CH^I 
Iodide  of 
methyl. 


-I-    2(As'"Na«) 


+     As'^a* 


+     As^'Na" 


2(As'"(CH«)«) 
Cacodyl. 

As'YCH*)" 
TriroeuijlariiiDe. 

As'(CH«VI 

Iodide  of  tetra- 
methyUnonlum^ 


+    4NaI. 


8NaI. 


SNal. 


Antimony-compounds, 


8b"TJa« 


S^'TJa* 


-     Sb'"(CH»)» 
«    Trimethylstiblno. 

«     Sb'(CH»)*I 

Iodide  oftetra- 
methyUtibonium. 


3KaI. 
3NaI. 


THn-eompounds, 


-¥      Sn'li^a'      » 


+  2(Sn'"Na») 


^     Sn«'Na«      - 


Sn^CCH')* 
Stannoui- 
methlde. 

2[Sn'"{CH«)»] 

Stann-Msqai- 
mothide. 

Sn»'(CH«)* 
Stannic  methide. 


2NaI. 
6NaI. 
4NaI. 


Merewry'Compounds, 

When  the  iodides  of  the  alcohol  radides  are  placed  in  contact  with  sodinm-amal^fam, 
no  pezceptible  action  takes  place  at  ordinary  temperatures,  even  after  prolonged  diges- 
tion, but  on  Uie  addition  of  a  few  drops  of  acetic  ether,  the  amalgam  is  immediately 
attacked  and  a  brisk  action  with  considerable  elevation  of  temperature  attends  the  for- 
nuitioQ  of  the  organo-mercurial  compound.  The  function  of  the  acetic  ether  in  this 
reaction  is  not  understood,  but  the  ether  is  found  in  undiminished  quantity  at  the  close 
of  the  reaction.    The  following  equation  illustrates  the  formation  of  these  compounds : 

2(CH«)I     +     Na'Hg"      -     Hg^(CH»)«     +     2NaI. 
Iodide  of  Meretirlc 

methyl.  methide. 


6(COT»)I     + 
Iodide  of  ethyl. 


Lead<omgpound» 
JCPb'^Ka")      - 


2[Pb"'(C*H*)^ 
Pliiml>.triethkte. 


•I-     6NaL 
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3(C*H*)I     /f 
lodfde  of  ethyl. 


BrKa»      -      Br(C«H»)* 

Bii-triethtde. 


3NliI. 


TeUurium-eompounds, 

Ozf;ano-telliirium  compounds  are  formed  by  a  modification  of  this  method*  which 
consists  in  i^^'wtilHng  telliuide  of  potassium  with  ethylsulphate  of  potassium  and  its 
homologues : 

2(S'»0«.CH«0.K0)        +        Te"K«        -        T«"|cH»         +         2(S^'05(KO)»). 
Methylralphate  of  potaMhim.  Tellariam-methyL  Sulphate  of  poUstluitt. 

The  ethyl  and  amyl  compounds  are  prepared  bj  homologous  reactions. 

3.  Formation  of  Organo-metaUie  bodies  by  the  action  of  the  Zine-eompounds  of  the 
Organic  Radicles  upon  the  Haloid  compotrnds  either  of  the  MetaU  themselves  or  of  their 
Organo-derivatives. 

For  the  production  of  oi^gano-metaUie  bodies  containing  less  positive  metals  than 
zinc,  this  method  is  perhaps  not  only  the  most  convenient^  but  also  capable  of  the  most 
general  application.  Compounds  containing  mercury,  tin,  lead,  antimony,  and  arsenic 
have  been  thus  produced,  but  it  has  fiuled  when  applied  to  the  halo'id  compounds  of 
copper,  silver,  and  platinum,  for  although  these  bodies  are.  violently  acted  upon,  the 
organic  group  does  not  unite  with  the  metal. 

The  following  reactions  illustrate  this  method  of  formation : — 


Merawy'Compounds, 


Zn'CCH")' 

Zinc-methyl. 

Zn''(CH«)« 
ZInc-metbyl. 


Hg^CP 


Hg'XCH*)'     + 

Mercuric  methide. 


Zn^OT. 


aHg^Ol*      -      2Hg"(CH*)Cl     +     Zn'CP. 

Mercuric  chloromethide. 


Mercurous  ethide  and  mercnrous  methide  have  not  yet  been  obtained  either  by  this 
or  any  other  process.  The  instability  of  mercurous  oompoimds,  as  seen  in  the  inor- 
ganic oxide  and  iodide,  is  l»ought  to  a  climax  in  oiganic  mercurous  compounds ;  the 
latter  are  instantly  transformed  into  metallic  mercury  and  the  more  stable  organo-mer- 
curie  compounds.  Thus,  when  sine-ethyl  acts  upon  mercurous  chloride,  the  following 
change  results : — ' 

Zn'CC'H*)*     +     2Hga     -     B[«"|c«H»     +     Hg     +     Zn'Cl'. 
Zine-ethyl.  Mercuric  ethide. 


TUn-compounds. 


2Zn"(C«H»)« 
Ziuc-ethyl. 

Zn*(C»H»)« 
Zinc-ethyl. 

3Zn"(0«H*)« 
Zinc-etbyL 

Zn^CCH*)* 
Zlnc-etbyi. 


+      Sn«»Cl« 
Stanolc  chloride. 

+     Sn"(C*H*)»P 
Stannic  diethiodide. 

+      2Sn*'Cl* 


Sn*'a* 


Sn''(C«H»)*        + 
SUnoic  ethide. 

Sn''(C»H*)«         + 
Stannic  ethide. 

2Sn«'(C«H*)»Cl    + 
Cblorotnethide  of  tin. 

8n»^(C»H»)»Cl«     + 
Stannic  dichlorethide. 


2Zn"Cl». 
Zn'T. 
SZn^CP. 
Zn"Cl«. 


Leadrcompound, 


The  following  is  the  only  reaction  which  has  hitherto  been  effected  by  the  method 
which  we  are  now  considering : — 

2Zn''(Cm*)«     +     2Pb"Cl«      <-      Pb«'(C«H»)«     +     Pb     +     2Zn-Cl«. 
Zioc-eCbjl,  Plnmbic  ethide. 


3Zn''(CH")« 
Zinc-methyl. 


3Zn"(CH»)« 
Zinc-methyl. 


Antimony-compounds. 

2Sb'"Cl»      -      2Sb'"(CH»)»     + 

Trlmethylitiblne. 


3Zn''Cl*. 


Arsenic-compounds, 

2As'^Cl»      -      2A8"XCH«)« 
Tiimetbylarsioe. 


+     3Zn"Cl«. 
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4.  Formation  qf  OraanO'metalUc  bodies  by  the  ditplaeement  of  a  Metal  in  un  Organo^ 
metauie  compound  by  another  and  more  poeitive  Metal. 

This  fouth  mode  of  prodacing  oigano-metallic  bodies  has  been  successfolly  applied 
to  the  fonnatioii  of  the  oompoimdB  of  sodium,  potassium,  lithium,  aluminium,  ana  zinc. 
In  the  case  of  the  three  first-named  metals  the  reaction  takes  place  at  ordinary  tempera- 
toTRS,  the  original  body  operated  upon  being  an  organo-zinc  compound  which  also  enters 
the  composition  of  the  resulting  organo-potassium,  sodium,  or  lithium  compound  as 
shown  in  the  following  reactions  :-^ 

Zinc-ethyl.  Sodlo«ilnc-athyl. 

Ztiic-«(b|'l.  PoUMlo-xlnc-«tbyI. 

Sodium  also  displaces  mercuir  from  mercuric  ethide;  sodium-ethyl  is  probably 
formed,  but  the  exact  nature  of  the  reaction  has  not  been  ascertained. 

The  oigano-zine  compounds  are  obtained  by  the  action  of  granulated  zinc  upon  the 
corresponding  mereuiy  compounds  at  a  temperature  vai^gfirom  100^  to  130^  C.  The 
foUowmg  example  shows  the  nature  of  this  transformation. 


flirj 


^^*  2Zn        -         Zn"l^     +   Zn"Hg". 


The  first  mode  of  formation  aboTe  described,  cannot,  without  formidable  difficulties, 
be  applied  to  the  production  of  nne-methyl  and  sinc-amyl  in  a  state  of  purity,  but  by 
the  fonrth  method,  now  under  consideration,  these  bodies  are  obtained  with  great 
fiidlity ;  for  the  prepantion  of  zmc-ethyl,  howeyer,  the  first  method  is  the  most  advan- 
tageoos. 

PftOFBBTnS  OV  OfiOAKO-HBTAXXIC  B0DIB8. 

The  oigano-metallic  compounds  as  a  class  are  distinguished  by  the  extraordinary 
eneigy  of  their  affinities.  With  certain  exceptions,  presently  to  be  noticed,  their  dis- 
poation  to  unite  with  negative  elements  increases  with  the  positive  character  of  the 
metal  and  with  the  smi^ess  of  the  atomic  weight  of  the  aloohol-radide.  Thus 
oigano-potassiam  and  sodium  compounds  possess  more  chemical  energy  than  those  of 
line,  whilst  the  latter  are  more  active  than  the  compounds  of  arsenic,  antimony,  tin, 
or  lead.  Again,  in  the  series  belonginff  to  each  metal,  the  methylic  compounds  are 
more  enetgetic  than  the  ethylic  ones,  whilst  the  last  greatly  surpass  the  amylic  com- 
pounds in  this  resp^t  But  whilst  these  genend  principles  govern  the  chemical 
energj  of  organo-metallic  bodies,  their  effect  is  modified  by  the  degree  of  saturation  in 
which  the  metal  eodsts.  Although  this  circumstance  has  hitherto  received  only  partial 
doddation,  yet  we  have  evidence  of  its  effects  in  the  case  of  organo-tin  compounds. 
Both  stannous  ethide  and  stannous  methide  combine  directly  with  atmospheric  oxygen, 
and  the  union  ti^ea  place  with  tolerable  rapidity ;  but  neither  stannic  ethide  nor  stannic 
methide  is  in  the  least  degree  acted  upon  by  free  oxTgen  at  <»dinaiy  temperatures ; 
even  iodine  acta  upon  them  with  difficulty.  This  diminution  of  chemical  eaear^  in 
etjgpuio-staniiio  compounds  cannot  be  ascribed  to  the  mere  influence  of  the  additional 
wejgfat  of  hydrocarbon  which  they  contain,  since  stannous  amylide  readily  unites  with 
free  oxygen  at  ordinary  temperatures,  although  the  single  atom  of  amyl  which  it  con* 
tains  is  considerably  heavier  than  the  double  atom  of  either  methyl  or  ethyl  present 
in  the  oigaoo-otannic  compounds  just  cited. 

Organo-metaUic  compounds  in  a  state  of  pwrtial  saturation  play  the  part  of  compound 
radidesL  They  are  monatomic,  diatomic,  triatomic,  or  tetratomic,  according  to  the 
number  of  atoms  requisite  to  complete  their  saturation.  On  the  other  hand,  organo- 
metallic  bodies  in  a  state  of  saturation  never  perform  radicle  functions :  they  never 
undergo  chemical  chance  without  decomposition.  Thus  zinc-ethyl,  stannic  ethide^ 
meveurie  ethide^  and  ^umbic  ethide  all  give  substitution-products  when  they  are 
chemically  acted  upon. 

I^tassium^  sodium^  and  lithium  eeriee.^ — ^These  bodies  have  not  yet  been  isolated ; 
they  are  known  only  in  combination  with  the  corresponding  zinc  or  mercuiy  compounds. 
The  double  compound  of  sodium-ethyl  and  zinc-ethyl  is  the  only  one  which  has 

hitherto  been  submitted  to  analysis.    Its  formula  ui  jq-^  [  (C'H')'. 
•  Wankly  D,  Proc.  Roy.  Soc.  Iv.  34].    FrtnkUnd,  Proccodlngt  oTtbc  Royal  InslUutioD,  toI.  It. 
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This  eompoand  first  separates  from  its  solution  in  Einc-ethyl  as  a  tniisparent  fluid, 
'which  after  some  time  sohdifles  to  a  mass  of  large  tabular  crystals,  fusing  at  27^  C,  but 
when  once  fused  remaining  fluid  at  several  d^rees  below  that  point  On  the  appli- 
cation of  a  moderate  heat  to  this  compound,  gases  are  evolved,  and  a  mixture  of  sodium 
and  einc  without  carbon  is  left  behind.  Soaio-zinc  ethyl  decomposes  water  with  great 
violence,  forming  hydride  of  ethyl,  and  the  hydrat«d  oxides  of  zidc  and  sodium.  The 
behaviour  with  negative  elements  has  not  yet  been  studied.  Its  most  interesting  reac- 
tion consists  in  the  absorption  of  carbonic  anhydride,  which  it  transforms  into  propionic 
acid.    The  sodium-ethyl  alone  takes  part  in  this  rpaction :  * 


NaC«H»     + 
Sodium-ethyl. 


CO* 


C«H»0?^ 

Nap- 
Propionitte  of 
•odium. 


No  compound  of  any  of  these  bodies  with  a  negative  element  has  been  obtained. 
Their  action  upon  carbonic  anhydride  proves  that  they  possess  a  still  higher  reducing 
power  than  the  corresponding  organo-zmc  compounds,  and  they  will  therefore  doubtless 
prove  valuable  agents  for  the  substitution  of  positive  croups  for  negative  elements  in 
cases  where  oi^gano-zinc  compounds  fail  to  produce  the  desired  effect. 

Sodium-ethyl  decomposes  the  iodides  of  the  alcohol-radicles  in  the  cold,  with  for- 
mation of  iodide  of  sodium.f 


NaCH* 

Sodium- 
ethyl. 


I 

Iodide  of 
ethyl. 


1  - 


Nal. 


n 


C«H«. 


H 
Hydride  of         Ethylene, 
ethyl. 


Owing  to  this  behaviour,  potassium  and  sodium  compounds  can  only  be  prepared  by 
method  No.  4. 
The  following  bodies  belonging  to  this  series  have  been  described : 

^    (CH« 


Potassio-zinc  methyl 


Potassio-zinc  ethyl . 


Sodio-cine  methyl  . 


Sodio-sinc  ethyl 


Lithio-mercuric  methide 


Li-  I 


CH« 


Lithio-mercuric  ethide 


lithio-zinc  methide 


Lithio-zinc  ethide . 


?;'  lcH« 
^    ICH» 


lioffnesium  serif s.^ — ^The  compounds  containing  ethyl  and  methyl  only  have  hitherto 
been  examined,  and  the  former  alone  submitted  to  analysis.  These  bodies  possess  a 
close  similarity  to  organo-zinc  compounds.  They  are  very  volatile  colourless  liquids, 
possessing  a  powerful  alliaceous  odour ;  are  spontaneously  inflammable,  and  decompose 
water  with  violence.  They  do  not  readily  decompose  the  iodides  of  the  alcohol-radicles, 
and  can  therefore  be  prepared  by  method  No.  1.  No  compound  of  these  bodies  with 
negative  elements  has  yet  been  produced.  They  are  in  the  condition  of  chemical  satu- 
ration.   Further  details  of  their  properties  are  wanting. 

Aluminium  sfriee, — The  only  known  organo-compounds  of  this  series  are  aluminie 
methide,  Ar(CH«)«,  and  aluminie  ethide,  A11"'(C«H»)«.  They  are  prepared  by  heating 
mercuric  methide  or  ethide  with  excess  of  aluminium  clippings  in  sealed  tub^ :  e.ff. 

8Hg"(CH«)«  +  Al«     «     2A1'"(CH«)"  +  Hg". 

They  are  spontaneously,  inflammable  liquids,  which  decompose  water  with  explosive 
violence,  and  react  with  iodine  to  form  iodo-derivatives  and  iodide  of  methyl  or  ethyl. 
By  regulated  exposure  to  dry  air  they  take  up  oxygen,  forming  bodies  apparently 
analogous  to  boric  dioxy-meUiide  and  dioxethide  (Buckton  and  Odling).  A 
compound  of  aluminie  ethide  with  iodide  of  ethyl  had  previously  been  obtained  by 
Cahours|by  heating  aluminium  'with  iodide  of  ethyl  (ii.  635).  Glucinum  appears  to 
act  with  iodide  of  ethyl  in  a  similar  manner. 


*  Wanklyn,  Chem-  Soc.  Qu.  J.  xf.  103. 

X  Cahouri.  Ann.  Ch.  Phyi.  Ivlli.  17. 

S  Ibid.  [31  Will.  M.-B nekton  and  Odling  (Proc.  Roy.  Soc.  xlv.  19). 


t  Frank  land,  Proc   Roy.  Soc.  ix.845. 
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ZnKC  QsMoa* — ^Three  bodies  belonging  to  this  seriee are  known,  riz. : 

Zmc-methyl,  Zn"  j  ^        Zinc-ethyl,  Zn"  |  ^I        Zinc-amjl,  Zn"  |  ^l^"- 

They  are  ooloorless,  transparent^  mobile,  volatile,  and  odorous  liquids,  composed  of 
two  gaseous  Tolumes  of  the  hydzo-carbon  radicle,  and  one  volnme  of  zinc-yapour,  the 
three  Tolumes  condensed  to  two.  The  methyl-  and  ethyl-componnds  are  spontaneously 
inflammable,  burning  with  a  greenish-blue  flame :  sino-amyl  is  spontaneously  inflam- 
mable in  pure  oxygen  only.  All  three  are  saturated  compounds,  incapable  of  direct 
combination.  In  contact  with  water,  they  are  instantly  decomposed,  with  formation  of 
hydrated  oxide  of  zinc  and  hydride  of  the  organic  radicle : 

Zn'CCH")'  +  2H«0     -     ZvTBH)*  +  2(CH».H). 

Zinc-methyl.  Hydride  of 

methyl. 

Gradually  treated  with  dry  oxygen  so  as  to  avoid  too  violent  action,  they  pass  through 
two  stages  of  oxidation,  illustrated  in  the  case  of  zinc-etbyl  by  the  following 
equations : — 

^  JCH*     +     O        -        Zn  JQ^g., 
Zinc-ethyl.  Ethylate  of  siiic-ethyl. 

^  J0C«H»     +     O        -        Zn  |oc«H» 
Ethylate  of  slnc-eChyl.  BthyUte  of  sine. 

The  action  of  iodine  upon  organo-zinc  compounds  differs  somewhat  from  that  of  oxygen 
owing  to  the  monatomic  character  of  the  negative  element  It  consists  in  the  successive 
elimination  of  the  two  atoms  of  hydrocarbon-radicle  and  their  substitution  by  iodine : 

Zn'l^l     +     P        -        ^^i^T     "*•     ^*^*^ 

Zinc-etbyl.  lodo-ethlde  Iodide  of 

of  sine  ethyl.  * 

Zn"|^5*     +     V        -       Zn-jJ      +     C«H»I. 

lodo-etkide  of  sine.  Iodide  of  sine.    Iodide  of  ethyl. 

Organo-zinc  compounds  behave  in  a  manner  exactly  analogous  in  contact  with  the 
other  halogens. 

Beactions  like  the  foregoing  point  to  the  applicability  of  these  compounds  for 
tffedXDa  the  substitution  of  positive  groups  for  negative  elements  in  compound  bodies, 
an  application  which  has  not  failed  to  attract  the  notice  of  chemists.  In  addition  to 
the  reactions  of  this  class  given  above  as  examples  of  the  formation  of  organo- metallic 
bodies  by  the  third  method,  the  following  have  been  realised : 

With  Nitric  Oxide.f 
2NK).     +     Zn"jgH;        »        2(N«CffO)|o. 
Nitric  oxide.        Zine-methyL  Dlnitro-metbylate  of  xlne. 

It  win  be  perceived  that  this  reaction  is  the  exact  analogue  of  the  one  already  men- 
tioned in  the  sodium  and  potassium  series,  where  carbonic  anhydride,  treated  with 
sodium-methyl  and  sodium-ethyl,  forms  acetic  and  propionic  acids.  In  fact,  dinitrc- 
methylic  and  dinitro-ethylic  acids  may  be  regarded  as  the  analogues  of  acetic  and 
propionic  acids  respectively ;  the  nitrogen  here  sustaining  a  diatomic  character,  and 
replacing  an  atom  of  carbon. 

With  Sulphurous  Oxide.l 

Zine-methy  I .  Methyl-dithionate  of  fine. 

8S0«  \     Zn"  I  ^^*        -         s\c»H»)=d* }  q. 

I  Zlnc-etbyl.  Ethyl-trithlouaie  of  line. 

«  FrankUnd,  Chcm.  8oe.  Qii.  J.  11.  fS7,  and  til.  44;  Phil.  Trans.  exlU.   431,  and  cxIt.  S»9. 
Waakljn,  Chem.  Soe.  Qu.  J.  xUi.  IM.    Fran kland  and  Duppa,  Chem.  8oc.   Qu.  J.  [2]  v«  1^ 
li.  99.    Rteth  and  Bellstetn,  Ann.  Ch.  Pharm.  cxxiU.  S45.    Butlerow,  Bull.  3oc  Chlm.  Aug.  liMM. 
p.  116. 

t  Fran  kland,  Phil.  Traas.  1M7,  p.  89.  %  Hobioii,  Chem.  8  k.  Qu.  J.  x.  4M  and  V, 

Vol.  IV.  Q 
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With  Trichloride  of  Phosphorus,^ 

2F"C1«     +     3rZn"(CH»)«]         -         2F"(CH«)»     +     SZo^Cl* 
Zinc-mettayl.  TrimeChjlphoiphina. 

2tbl»     +    8[Zn"(C«H»)«]        -        2F"(C«H»)«     +     3Zn"Ci-. 
ZtDC-elhjL  Triethylphofcphiae.' 

There  is  no  apparent  obstacle  to  this  reaction  being  pushed  to  its  extreme  limit  in 
the  case  of  pentatomic  bodies  snch  as  phosphorus,  arsenic,  op  antimony.  Mr.  Buckton 
has  attempted  this  in  the  case  of  antimony ;  but  although  evidence  of  the  exist- 
ence of  a  pentethide  of  antimony  was  obtained,  the  body  could  not  be  isolated  nor  its 
composition  satisfactorily  fixed.  The  great  stability  of  the  triatomic  compounds  of 
these  bodies  will  probably  present  considerable  difficulty  in  the  way  of  obtaining  pen- 
tatomic compounds  of  an  excluslrely  positive  character,  such  bodies  being  doubtless 
easily  resolved  into  the  more  stable  groupings  represented  in  the  following  equation : 

Sb^(C«H*)*        -        Sb'"(CH*)»     +     C«H*.C»H» 

Antimotiie  etbide.  Triethylitibioa.  Ethyl. 

With  Boric  Ether,f 

B-'jogH;     .     3(Zn"j^i;)  =        B-|cH;     +      3(Zn''  ^J 

Boric  other.  Zloo-mothyl.  Boric  met  hide.      Etbylate  of  xinc>methyl. 

With  Oxalic  Ether4 

When  oxalic  ether  is  heated  with  zinc-ethyl  and  water  is  afterwards  added,  leucie 
ether  is  produced  according  to  the  following  equation : 

/O 


C« 


f(C»H»)« 
OC«H* 


Oxalic  other.  ZInc-ethyl.  Leucie  other.  Alcohol. 

With  Tetrachloride  of  Silicon, 
Si»'a*     +     2[Zn''(Cm^y]        -        Si»'(C'H»)«     +     2Zn''a«. 

Zinc-ethyl.  Silidum-ethyl. 

Whilst,  on  the  one  hand,  organo-zinc-compounds  are  thus  capable  of  effecting  the 
substitution  of  their  positive  organic  groups  for  negative  elements,  they  can,  on  the 
other  hand,  in  certain  cases  replace  hydrogen  by  zinc,  forming,  for  instance,  with  am- 
monia and  its  homologues,  a  series  of  zinc-amides.  In  this  direction  the  following 
reactions  amongst  others  have  been  recorded :  § 

Zn'CC'H*)'     +     2N'"H«     -     N'^Zn^H*       +       2(C«H».H) 

Zinc-etbyf.  Ammonia.  Ziocamide.  Hydride  of  ethji. 

Zn'CC^H')'     +     2[N'"(C«H»)HT     -       #'(C^»)«Zn'Tl«     +     2(C«H».H) 
Zinc-ethyl.  Aniline.  Zincphenyllmide.  Hydride  of  ethyl. 

Zn(C«H»)»     +     #(C«Cr«)H*     =     V[\C*WyZim      +      2(C»H»H) 

Zinc-ethyl.  Oxamldo.  Zincoximide.  Hydride  of  ethyl. 

By  losing  one  atom  of  alcohol-radicle  the  oigano-zinc-oompounds  become  monatomic 
compound-radicles,  forming  compounds  which  have  been  but  little  examined.  The 
following  however  have  been  described :  || 

Dinitromethylate  of  zinc-methyl       .        .  ^CH»(^' 

Dinitzoethylate  of  zinc-ethyl     ....      ^(^h»[^- 

CADMTuii  Skbibs.^ — Only  one  member  of  this  series  is  known,  and  that  veiy  imper- 
fectly.   Its  properties  appear  however  to  be  analogous  to  those  of  the  cine-compounds. 

Tin  Sebies.** — A  large  number  of  organo-metallic  bodies  containing  tin  hare  been 
described.  The  following  will  suffice  as  examples  of  the  several  classes  of  these  com- 
pounds : 

«  Hofmann  and  Cahours,  Phil.  Trunt.  1857*  p.  678.     t  Fran  kl  and,  Phil.  Trani.  1869,  n.  167. 

t  FrankIand,ProG.  Boy.  Soc.  xii.p.  896.  I  Fr»nkland,  Proc.  Roy.  Soc.  Tlil.p.SOL 

|1  F r  a n  k  1  an  d,  Phil.  Trans.  1867,  p.  69.  ^  W a n  k  1  y  n,  Chem.  Soc.  Qu.  J.  ix.  19S. 

••  Fran  kland.  Phil.  Trans.  185S,  p.  417,  and  1869,  p.  401.  Cahours  and  Rlche,  Compt  rend. 
XXXV.  91,  and  xxxvi.  lOOI.  L0  wig,  Ann.  Ch.  Pharm.  Ixxxiv.  808.  A.  G  rimm,  Ann.  Ch.  Pham. 
xcil.Sas.  Buckton,  Phil.  Trans,  for  1869,  p.  43S.  Cahours,  Ann.  Ch.  Phys.  Ivlll.  IS.  Streeke, 
Ann.  Ch.  Pharm.  cxxiii.  365. 
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a.  Stannous  Com^unds. 
StannouB  methide,  or  Stanmethyl     .  Sii''(OH')*. 

h,  Triatomic  Compounds. 
Trimethide  of  tin     .    .     [Sn'^CCH')"]"    |    lodo-dimethide  of  tin  .    [Sn"'(CH»)ni, 

c.  Stannic  Compounds. 

Stannic  methide Sn*^(CH»)* 

Stannic  iodo-trimetbide    ....        Sn*^(CH>)*I 
Stannic  iodo-dimethide    ....        Sn*''(CH')U'. 

It  u  scarcelj  necessary  to  observe  that  the  iodine  in  the  above  compounds  admits  of 
replacement  bj  any  salt-forming  radicles  and  also  by  oxygen  or  sulphur. 

Stannous  compounds  are  oily  liquids  soluble  in  alcohol  and  ether,  but  insoluble  in 

water,  and  possess  a  pungent  odour.     They  cannot  be  distilled  without  decomposition, 

being  resolved  into  stannic  compounds  and  metallic  tin.    They  are  in  a  state  of 

^  partul  chemical  satuiation  only,  and  therefore  perform  the  part  of  radicles,  combin- 

'  mg  directly  with  chlorine,  oxygen,  &c.,  and  forming  well-marked  bodies  of  great 

stability. 

Stannous  compounds  are  diatomic,  and  unite  direcUy  with  free  oxygen,  chlorine,  &c., 

to  prodoce  bodies  of  the  stannic  form.    Thus  stannous  ethide  forms  with  oxygen,  stannic 

oxidiethide : 

Sn"(C«H»)«  +   0     -     Sn»'(C'H»)*0" 
Staimoiu  ethide.  Stannic  oxidiethide. 

Stannona  compounds  have  never  yet  been  observed  to  play  a  monatomic  part  No 
triatomic  compound  has  been  directly  formed  from  a  stannous  body ;  the  latter,  under 
the  influence  of  iodine,  oxygen,  &c,  seems  to  pass  at  once  into  the  stannic  form. 

JHatomie  compounds  of  the  form  (Sn'"K'  +  )'  have  hitherto  been  very  little  examined. 
They  are  oily  liquids,  uniting  directly  with  negative  radicles,  forming  an  extensive 
series  of  compounds  belonging  to  the  stannic  class,  a  considerable  number  of  which 
have  been  studied.  The  following  examples  will  serve  to  show  the  mode  in  which 
triatomic  compounds  of  this  form  pass  into  bodies  of  the  stannic  class  : 

[Sn'"((?H*)«]«  +  P     =     2Sn«'(C»H*)"L 

Tri-ethlde  of  tin .  Stannic  lodotrtethide. 

Sn»'(C»H»)«I   +   P     »    Sn*'(C«H»)«I«  +  C»H*I. 

Stannic  iodolri-  Stannic  Iodide  of 

ethide.  ethide.  eihyl. 

Ko  reduction  of  a  triatomic  compound  to  a  stannous  compound  has  yet  been  effected, 
although  it  can  scarcely  be  doubt«l  that  an  aqueous  solution  of  diethiodide  of  tin,  for 
instance,  if  treated  with  zinc,  would  yield  stannous  ethide.  On  the  other  hand, 
stannic  ethide  or  methide  in  contact  with  iodine  is  transformed  into  a  triatomic  com- 
poond,  vis.,  diethiodide  of  tin : 

2Sn»'(C«H»)«(CH")«  +   P     -     2Sn*-(C»H»)«I   +  4CH»I. 
Stannic  eibjlo-dimetsiide.    V  Dimethiodide        Iodide  of 

of  tin.  methyl. 

Triatomic  compounds  of  the  form  (  Sn'"<  K  -t-  j  'are  very  little  known.    In  fact  the 

diethiodide  of  tin,  the  production  of  which  from  stannic  ethylodimethide  has  just  been 
mentioned,  is  the  only  one  known  with  certainty.  It  is  a  colourless  mobile  liquid, 
boiling  with  partial  decomposition  at  208^,  and  possessing  a  most  insupportable 
odonr,  resembling  essential  oil  of  mustard.  Heated  with  excess  of  iodine,  it  is  trans- 
formed into  stannic  iododiethide : 


[Sn^XCH')'!]'   +   P     -     2Sn"(C*H*)«I«. 
Diethiodide  of  tin.  SUnnlc  iododiethide. 


SUnnlc  iododiethide. 

Stannic  compounds  of  the  form  Sn'^R*  -i>  are  colourless  mobile  liquids,  possessing 
a  alight  ethereal  odour.  They  are  Tolatile  without  decomposition,  and  are  very  stable. 
Being  in  the  condition  of  chemical  saturation,  they  are  incapable  of  direct  combination. 
Ko  body  can  act  upon  them  .without  expelling  one  or  more  atoms  of  positive  radicle. 
Thus,  when  heated  with  hydrochloric  acid,  stannic  ethide  yidds  stannic  chlorotriethide 
and  hydride  of  ethyl : 

Sn'-(C«H»)«  +  Ha     -     Sn«^(Cr'H»)«Cl  +  C«H».H, 
Stannic  ethide.  Stannic  chlorotii-       Hydride 

ethide.  ofethjl. 

Q  2 
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^  ]_  oommonly  called  componiidfl  of  Miqui- 

Btannethy],  have  been  oomparatively  well  studied.  The  oxides  are,  in  the  anhydroos 
condition,  volatile,  limpid,  oily  liquids  which  readily  unite  with  water,  forming  ays- 
talline  hydrates  which  have  a  powerful  alkaline  reaction,  and  neutralise  the  strongest 
acids,  forming  an  extensive  series  of  salts.  These  salts  are  almost  all  soluble  in  water, 
readily  crystallisable,  and  of  a  yery  pungent  odour. 

T>a_  haye  also  been  >ery  completely  inyes- 

tigated.  The  oxides  are  white  amorphous  powders,  insoluble  in  water,  alcohol,  and 
ether.  They  dissolve  in  hydrochloric,  hydriodic,  and  hydrobromic  acids,  forming 
colourless  and  inodorous  salts,  which  cirstaJlise  in  fine  prisms.  Most  of  the  oxysalts 
can  also  be  obtained  in  the  crystalline  form,  either  from  aqueous  or  alcohoUc  solutions. 
Stannic  compounds  of  this  form  are  readily  reduced  to  stannous  compounds ;  thus, 
when  a  piece  of  zinc  is  plunged  into  a  solution  of  stannic  chlorodietnide,  stannous 
ethide  is  produced: 

Sn»'(C«H*)»Cl«  +  Zn"     -     Sd'CCH')'  +  Zn'Cl*. 
Stannic  chlorodi-  SUmaous  ethide.' 

ethide. 

BisKUTH  Sbbibs.* — These  bodies  have  as  yet  been  but  very  imperfectly  investigated. 
Bismuthous  triethide  is  a  colourless  or  slightly  yellow  mobile  liquid,  having  an  un- 
pleasant odour  like  that  of  stibethine.  Exposed  to  the  air,  it  gives  ofif  dense  yellow 
nimes,  inflames  spontaneously,  and  finally  explodes.  It  is  very  unstable,  begins  to  de- 
compose at  50^  or  GO^  C,  and  explodes  violently  when  heated  to  160°  C,  a  temperature 
still  below  its  boiling  point.  No  direct  compound  of  this  body  has  yet  been  obtained  : 
it  behaves  like  a  chemically  saturated  substance,  and  when  slowly  oxidised  in  contact 
with  water,  yields  alcohol  and  hydrated  oxide  of  bismuth. 

When  an  alcoholic  solution  of  mercuric  chloride  is  added  to  an  alcoholic  solution 
of  bismuthous  ethide,  mercuric  etliochloride  crystallises  out,  whilst  bismuthous  dichlor- 
ethide  remains  in  solution : 

Br(CK*y  +  2Hg''a«     =    Bi'"(C*H»)Cl»  +  2Hg''(C«H»)CL 

Blimuthous  Bicmuthoui  Mercuric 

ethide.  dicblorelhide.  chlorelhide. 

From  the  bismuthous  dichlorethide,  the  diiodide  and  dioxyethide  are  prepared  by 
double  decomposition,  whilst  the  simultaneous  action  of  sulphuretted  hydrogen,  water, 
bismuthous  ethide,  and  atmospheric  oxygen  is  said  to  produce  the  double  compound  of 
bismuthous  sulphide  and  bismuthic  sulphotriethide. 

Lbad  SuuBS.t — ^Plumbic  etJude,  Pb"(C*H*)^  and  its  derivatives  only  are  known  in 
this  series. 

Plumbic  ethide  is  a  colourless  limpid  fluid,  soluble  in  ether,  but  insoluble  in  water, 
and  possessing  a  faint  odour.  It  is  not  acted  upon  by  oxygen  at  ordinary  temperatures, 
but  chlorine,  bromine,  and  iodine  act  violently  upon  it.  Plumbic  ethide  belongs  to  the 
class  of  saturated  bodies,  and  is  consequently  incapable  of  forming  compounds.  When 
it  is  treated  with  hydrochloric  add,  hydride  of  ethyl  separates  and  plumbic  chloio- 
triethide  is  formed : 

Pb«'(C«H»)*     +     HCl      »      Pb«'(C»H»)"a     +     C«H»H. 

Plumbic  ethide.  Plumbic  chloro-  Hydride  of 

triethide.  ethyl. 

From  plumbic  chloro-triethide  the  sulphate  and  other  salts  can  be  prepared  by 
double  decomposition.  These  salts  may  also  be  obtained  still  more  readily  from  the 
oxide,  which  is  a  (97-stalline,  volatile,  pungent  body,  possessing  a  powerful  alkaline  re- 
action, and  attracting  carbonic  acid  from  the  air. 

Mbbcuric  Sbbies.} — This  series  is  confined  to  bodies  of  the  mercuric  type,  no 
organo-mercurous  compound  having  been  yet  produced.  The  following  axe  examples 
of  bodies  belonging  to  this  series: 

Mercuric  methiodide Hg"J^^ 

Hercuric  ethonitrate      •       «        •       «        •        Hg^j^S", 

Mercuric  amylide ^"Jc^H" 

*  B  reed,  Ann.  Ch.  Pharm.  Ixxxit.  106 ;  Du n  h au  pt,  Ann.  Ch.  Pharm.^xcU.  371. 

t  LSwig,  Ann.  Ch.  Pharm.  Isxxviii.  ai8|  Buckton,  Phil.  Trans.  lM9,i».  417. 

t  Frankland,  Phil.  IVans.  i85'i,p.  43«,  and  Phil.  Trant.  18A9,  p.  409  ;  DUnhaupt,  Ann.  Cb- 
Pharm. xcii.  371;  Strecker,  Ado.  Ch.  Pharm.  xcit.  67;  Buckton,  Phil.  Trana.  1868. p.  168, and 
1869,p.4l7.    Franktand  and  Dnppa,  Joura.  ofChcni.  Socvri.  p.  416. 
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Mercuric  methide,  mercnric*  ethide  and  mer curie  amylide  are  colourleM,  ethereal,. 
Tolatile  liquids,  inaoluble  in  water,  but  soluble  in  alcohol  and  ether,  and  possessing  great 
stability.  They  are  in  a  state  of  maximum  saturation,  and  cannot  therefore  unite  with 
any  other  body  without  the  displacement  of  an  equivalent  of  positlye  radicle.  Thus 
with  bromine,  mercuric  ethide  gives  bromide  of  ethyl  and  mercuric  ethylobromide : 

Bg\Omy    +    Br*      -      Hg"(C»H»)Br     +     C«H*Br. 
llercaric  ethide.  Mercuric  Bromide  of 

ethylobromide.  ethyL 

Mercuric  methide  possesses  the  highest  specific  gravity  of  any  known  non-metallio 
liquid  (3*069).  Flint-glass  consequently  floats  upon  its  surface.  Brought  into  contact 
with  mercuric  iodide,  mercuric  methide,  mercuric  ethide  and  mercuric  amylide  are 
converted  respectively  into  mercuric  methiodide,  mercuric  ethiodide  and  mercuric 
amyliodide : 

Hg'-CCH')*    +    Hg^P     «      2[Hg''(CH")I]. 

Mercuric  Mercuric 

methide.  methiodide. 

The  reaction  with  mercuric  chloride  is  exactly  analogous.  The  hydrates  of  mercuric 
methoxide  and  mercuric  ethoxide  are  caustic  alkaline  bases,  capable  of  expelling  am- 
monia from  its  salts,  and  behaving  in  a  manner  similar  to  the  corresponding  monatomic 
compounds  of  tin  and  lead.  The  remaining  mercury-compounds,  which  may  be  con- 
sidered as  derivatives  of  these  two  bodies,  are  represented  in  the  above  list  by  the 
iodides  and  nitrates :  they  generally  crystallise  veiy  readily,  and,  with  the  exception  of 
the  haloid  compounds,  are  soluble  in  water.  The  behaviour  of  mercuric  methide, 
ethide  and  amylide  in  contact  with  zinc  has  already  been  described  as  the  basis  of  a 
method  for  procuring  the  zinc-compounds  of  the  respective  hydrocarbon  radicles.  When 
the  iodide,  bromide,  or  chloride  of  an  organo-mercurial  body  is  treated  with  an  organo- 
zinc  compound,  the  negative  element  becomes  replaced  by  the  alcohol-radicle  of  the 
zinc*compound ;  thus,  when  mercuric  methiodide  is  treated  with  zinc-methyl,  mercuric 
methide  is  produced.  And  it  is  believed  that  by  acting  upon  mercuric  ethochloride 
with  zinc-methyl,  mercuric  ethylomethide  is  formed : 

2[Hg''(CH»)a]     +    Zn'CCH")*      .      2rHg"(C»H*XCH«)]     +     Zn"a», 
Mercuric  ethochloride.         Zloc-methyl.  Mercuric  ethylomethide. 

but  this  body  has  not  yet  been  obtained  in  a  state  of  purity ;  distillation  gradually  re- 
solves it  into  mercuric  methide  and  mercuric  ethide : 

2[Hg''(C*H*)(CH»)l      -       Ke\CK*y     +     Hg-CC'H*)'. 

Mercuric  etiiylomethide.  Mercuric  Mercuric  ethide. 

methide. 

AjrmcoKT  Ssaiss.* — This  important  series  of  oigano-metallic  bodies  contains  a 
greater  number  and  variety  of  compounds  than  any  other,  with  the  exception  of  the 
arsenic  series.  The  remarkable  polyatomic  character  of  antimony  and  arsenic  not  only 
renders  the  possible  number  of  their  organo-oompounds  very  lai^,  but  the  variations  in 
the  proportions  of  the  positive  and  negative  molecules  nves  an  extremely  wide  range  to 
their  chemical  character,  extending,  as  it  does,  from  highly  caustic  bases  on  the  one 
hand  to  powerful  bibasic  acids  on  the  other.  The  following  are  the  principal  compounds 
belonging  to  this  seriea: 

Trimethylstibin Sb^CH*)*. 

Antimonic  Trimethoxide    ........  Sb»(CH»)«0. 

Iodide  of  tetramethylstibonium  or  antimonic  tetramethiodide  Sb^(OH*)*I. 

Hydrate  of  tetramethylstibonium  or  antimonic  tetramethylhydrate  Sb*(CH')*(HO). 

Antimonic  Trimethosulphate 6b^(CH')»(S0«)''. 

AnUmonic  Triamyhiitrate Sb'(CH»)«(NO*)% 

It  is  remarkable  that  we  have  as  yet  no  decisive  evidence  in  this  series,  of  the  ex- 
istence of  a  compound  corresponding  to  cacodyl.  It  is  true  that  such  a  body  has  been 
described  under  the  nam^  of  $tibhiamyl,  but  subsequent  experiments  have  failed  to  con- 
firm its  existence.  Amongst  organo-antimony  compounds,  therefore,  the  most  simple 
form  is  Sb'"B'  •(- .  Bodies  of  this  form  are  the  analogues  of  ammonia,  and  need  not 
be  here  Airther  noticed.     The  pentatomic  organo-antimonial  compounds  of  the  form 

x>  ^  are  also  the  true  analogues  of  ammonium-compounds. 

The  remaining  compounds  of  this  series  are  constructed  upon  the  model  ■^^jj^t^ 
When  two  atoms  of  B—  are  replaced  by  diatomic  oxygen,  these  compounds  constitute 

•  Ldwif,  Ann.  Ch.  Pbarm.  1szt.B15,  Wi  \  Lao  dolt,  ^Mf.lnTlll.  91  \  Doekton,  CbMn.  Boe. 
Qu.  J.zilt.  115  i  HormaoD,  /Mtf.  zl.  316. 


230  0R6AN0-METALLIC  BODIES. 

what  may  be  tenned  biacid  antimony  bases.    Thej  are  formed  either  by  th^  direct 
union  of  the  stibamin«e  Sb*^*  -f  with  oxygen: 


'{ll  +  o    -   sb'jg: 


or  as  hydrates  by  the  decomposition  of  the  corresponding  haloid  compoonds  by  means 
of  potash:  thns — 

ShA^l^^     4-      2KH0       -      Sb'l^^v,    +    2KCL 

The  stibamines,  although  in  other  respects  the  perfect  analogues  of  the  nitramines, 
here  enridently  exhibit  a  much  more  higluy  positiye  character,  uniting  with  oxysen  so 
energetically  as  to  be  8pontaneou£ly  inflammable  in  the  lower  portion  of  the  series. 

The  biacid  antimony  bases  are  colourless,  transparent,  amoiphous,  and  yiscous 
bodies ;  the  ethyl  base  is  easily  soluble  in  water  and  alcohol,  but  somewhat  less  soluble 
in  ether.  They  possess  a  bitter  taste,  are  non-yolatile,  and  do  not  suffer  any  change 
when  exposed  to  the  air.     Treated  with  potassium  they  are  reduced  to  stibamines : 

Sbj^gv,      +     2K        «        Sb'"|R+      +     2KH0. 

Fuminc  nitric  acid  decomposes  the  biacid  bases  with  ignition ;  but  when  they  are 
treated  with  dilute  nitric  or  other  add,  the  respectiTe  biaad  salts  are  produced.  The 
oxysalts  are  soluble  in  water  or  alcohol ;  most  of  them  crystallise  without  much  diffi- 
culty, as  do  also  the  antimonic  biniodides  ;  but  antimonic  triethobromide  and  trietho- 
chloride  are  liquids  not  volatile  without  decomposition,  insoluble  in  water,  Init  soluble 
in  alcohol  and  ether. 

The  existence  of  antimonic  triethoxiodide  has  been  proved  by  Strecker.    It  had. 
previously  been  regarded  by  Merck  as  a  protoiodide  of  stibethine  (Sb(C*H*)*I). 

Ahsento  Series.* — This  series  is  perhaps  the  most  important  and  interesting 
amongst  organo-metallic  bodies;  it  contains  the  first  discovered  organo-metal,  cacodyl, 
the  classical  investigation  of  which  by  Bun  sen  not  only  imparts  a  coii^>letene88  to 
our  knowledge  of  this  series,  but  has  afforded  the  due  to  the  successful  interpretation 
of  many  phenomena  met  with  in  other  analogous  fismilies.  It  will  be  convenient  to  divide 
its  very  numerous  members  into  three  groups. 

!R* 
R' 

B.  Oigano-aisenical  compounds  of  the  type  As'"R'. 

G.  Oigano-arsenical  compounds  of  the  type  Ab^R*. 

All  arsenical  compounds  permit  of  being  arranged  under  these  three  type*.  The 
following  are  a  few  of  the  pnncipal  bodies  already  investigated : 

A.  Oigano-arsenical  compounds  of  the  Type  Xi'jnt 

Cacodyl As»(CH*)« 

EthyUc  cacodyl .  As«(C«H»)«. 

B.  Organo-arsenical  compounds  of  the  Type  As^B*. 
Chloride  of  cacodyl    .  Ab'*'(CH')*C1 


Chloride  of  caooplatyl 
Arsenious  oxymethide 
Arseniotts  dichloromethide 
Trimethylazsine 


Afl'"(CH»XCPf^)Cl 

As'"(CH«)a« 
Afl*"(CH«)«. 


C.  Oigano-arsenical  compounds  of  the  Type  As^R*. 
This  group  may  be  conveniently  divided  into  four  ^a«n1iAfl  or  «nb-typefl^  vis. : 

!R  + 
j^i_  and  their  derivatives: 

Monomethyl-amenie  add    ....        A8'(CH")0'*(H0)' 
Arsenic  oxydichlormethide ....        As*(CH')0"Cl* 
Arsenic  tetrachlormethide  ....        Afl*(CH')Cl*. 

•  Cadet  (17fiO),  M£in.  d«M«th.  et  Phyi.  de  StTanU  Hrmg.  iH.|6a:  Thfinard,  Ann.  Ch.  W.  54. 
Bunien,  Ann.  Cb.  Pharm.  xxW.  27;  xxvii.  1;  xlil.  14;  xM.  1;  Frankland,  Ch.  Soe.  Qa.  J.  li. 
?«9  ;  Cabourict  BIche,  Compt.  rend.  xxxW.  lOOlj  Landolt,  Ann.  Ch.  Pharm.  Ixxzix.SOl  i  Hof- 
mann,  Cbpm.  Soc.  Qu.  J.xi.  316.    Baeyr,  Ann.  Ch.  Pharra.crll.  97  ;  cr.WS. 


ORGANO-METALLIC  BODIES.  281 

!T>t  . 
x>,j[,  and  their  deriTatiTeB : 

CacodyUcacid Afl^(CH»)«0''(HO) 

Tepchlorideofcaoodyl        .        :        .        .     A.8^(CH»)*C1». 

2^ ,  and  their  derivabVes  : 

Anenic  triethoxido A8'(C*H'»)P0" 

Arsenic  triethoenlphat©       ....    Afl'(C»H»)\SO*)'' 
Arsenic  triethochloiide       ....     Aa*(C*H^)>CI>. 

d.  Bodies  of  the  form  As'  J]^*^ 

Hydrated  oxide  of  tetramethylarsonium  or  arBenic 

tetramethydrate Afl'(CH")*(HO) 

Iodide  of  tetramethylarsoninm  or  arsenic  tetrameth- 

iodide Afl'(CH«)*I. 

Nitrate  of  dimethyl-diethykrsoniam   or    arsenic 

dimethyl-diethylnitrate A8^(CH")«(C«H»)*(N0»). 

■Q^  contain  only  posi- 

tire  ndides.  They  are  volatile  poisonous  liquids,  insoluble  in  water,  but  yeiy  soluble 
in  alcohol  and  ether,  and  possess  an  insupportable  odour.  The  lower  members  of  the 
family  are  spontaneously  inflammable,  whilst  the  higher  ones  also  rapidly  oxidise  in  air. 
They  unite  with  negative  elements  with  great  energy,  manifesting  in  their  combinations 
either  a  monatomic  or  a  triatomic  character,  and  producing  bodies  either  of  the  form 

As"*  \^Z,  °^  ^^]u*I.'  '^^^^  cacodyl  forms  with  chlorine,  chloride  of  caeodyl 
and  trichloride  of  cacodyl : 

-^IIot")*     *     ^^'      "     2[As'"(CH»)«Cl]. 
CaoodjI.  Chloride  of  caoodjl. 

^')(Cfl«?     +     ^'      "     2[As'(CH»)«a«]. 
Cacodyl .  Trichloride  of  cacodyl. 

Heated  to  400^,  cacodyl  splits  up  into  metallie  arsenic,  hydride  of  methyl,  and  olefiant 
gas: 

Ai»(CH«)*       -       As*     +     2(CH».H)     +     C«H«. 

Cacodyl.  Hydride  of  methyl.       Ethylene. 

Bodies  of  this  type  can  be  regeneiated  by  reducing  agents  from  many  of  their  mon- 
atomic compounds ;  thus  chloride  of  cacodyl  and  metallic  zinc  give  cacodyl  and  chloride 
of  zinc: 

Or;gano-amenicai  compounds  of  the  type  Ae'^R*  are  of  three  focms,  viz. : 
(1)     A.'Tl'+  (2)    A.-jl'*  (3)     AB-JI.+ 

Those  belonging  to  the  first  are  termed  arnnes,  and  are  the  analogues  of  ammonia ; 

butt  like  the  conesponding  antimony  compounds,  in  addition  to  their  alkaloid  function, 

they  have  the  power  of  combining  with  two  negative  atoms,  forming  bodies  of  the 

f  j>t  . 
sub-type  As^^  p,_.    Thus  triethylarsine  combines  with  oxygen  to  form  arsenic  oxy- 

triethide.    The  lower  members  of  the  type  possess  this  property  to  such  an  extent  as 
to  render  them  spontaneously  inflammable  in  the  air. 

Compounds  belonging  to  the  second  of  the  above  forms  are  produced  by  the  direct 
combination  of  the  cacodyls  with  negative  elements.  When  the  negative  element  is 
oxygen,  the  diatomic  character  of  the  latter  doubles  the  type,  which  then  becomes 

As')R'+.     The  oxides  are  bases  of  comparatively  feeble  power,  slowly  combining 

with  water  and  two  additional    atoms  of  oxygen,  to  form  acids.     Thus  oxide  of 
c*<^yl*  by  exposure  to  air  and  moisture,  slowly  passes  into  cacodylic  acid: 

A;HCH»)«0"     +     tf     +     F«0      -      2As-(CH«)«0''(0H). 

Oxide  of  cacodyl .  Caoodyllc  add. 

The  chlorine^  bromine,  and  iodine  compounds  of  the  form  we  are  now  considering 
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are  volatile  nentral  bodies,  which  maj  be,  regarded  as  the  haloid  salts  oi  eaoodjl 
Heated  in  contact  with  platinic  chloride,  the  cacodyl  presents  an  interesting  reaction 
two  atoms  of  hydrogen  in  the  chloride  of  cacoajl  become  replaced  bj  a  diatonie 
molecule  of  platinom,  producing  chloride  of  caboplaf^L 

fCIP  fCH» 

As'MCH'    -I-     Pfa*        -        As'^JCPfH     +     2HCL 

I  CI  la 

Chloride  or  caoodji.  Chloride  of  caooplatyl. 

Cacoplatyl  forms  a  series  of  componnds  analosous  to  those  of  cacodjl. 

The  only  compounds  of  the  third  form  yet  Known  belong  to  the  methylic  group. 
Arsenious  oxymethide  is  a  crystalline  body  of  a  neutral  character,^  soluble  in  water, 
alcohol  and  ether,  unchanged  by  exposure  to  air,  but  transformed  by  distillation  with 
hydrate  of  potassium  into  arsenious  acid  and  oxide  of  cacodyl : 

4As"'rn-     +2^(0"        -  Ab»   OK      +      5[0-     +     As«   (CH«)« 

Anenloui  ozjrmethlde.  Oxido  of  cacodyl. 

Hydrochloric  acid  converts  it  into  arsenious  dichlormethide : — 

As'"  1^]^     +     2Ha      -      As"'!    CI     +     gjO". 

Araenious  oxTmeihIde.  AnenioiM  dichlormethide. 

Hydrobromic  and  hydriodic  adds  produce  a  perfectly  analogous  change,  whilst  sul- 
phuretted h^jdrogen  transforms  it  into  arsenious  sulphomethide. 

The  chlorine,  bromine,  and  iodine  compounds  are  neutral  bodies  of  considerable  sta- 
bility ;  the  two  former  are  liquid,  the  latter  solid  and  crystalline.    By  the  action  of 

chlorine  or  oxidising  agents,  they  are  transformed  into  bodies  of  the  form  As^  j-p4_ 

Organo-arsenical  compounds  have  been  more  thoroughly  investigated  in  the  direction 
of  the  type  As^B*  than  in  any  other ;  consequently  we  find  these  bodies  rather  nu- 

■n  ^  which  latter  bodies  are 

the  strict  analogues  of  the  compounds  of  ammonium. 

The  Sub-type  As* }  r4  ^  ^^  1^^  ^^7  \iwn.  explored  in  the  methylic  group.     The 

oxygen  compound  constitutes  anhydrous  monomethyl-arsenic  acid,  a  direct  derivativa 
from  arsenious  oxymethide : 

As-^CCH*)©"     +      Ag^O"     «     Ab*(CH»)(5«     +     2Ag. 
Arsenious  oxymethide.  MonomethylarseDic  add. 

This  acid  is  dibasic,  forming  stable  and  well-defined  ciystallisable  salts,  the  formula 
of  which  are  represented  by  the  general  expression:  As'(CH*)0"(MO)*. 

The  chlorine  compound  is  exceedingly  unstable ;  it  may  however  be  formed  at  — 19^  C, 
but  is  transformed  at  0^  C.  into  arsenious  chloride  and  chloride  of  methyl: 

As'(CH»)a«       -       Ab"'C1»     +     CH'CI. 
Arsenic  teirachlormethlde.  Chloride  of  methyl. 

Arsenic  oxydichlormethide  is  a  somewhat  more  stable  body  formed  by  the  direct 
union  of  chlorine  with  arsenious  oxymethide. 

As^XCH')©      +     Cl«      -      As'(CH«)0''a«. 
Arsenious  oxymetliide.  Arsenic  oxydichlormethide. 

Nevertheless,  even  this  compound  readily  decomposes,  with  evolution  of  ehlozide  of 
methyl 

Sub-type  As*  j  j^t  _  The  oxygen-compounds  are  feeble  monobasic  acids  of  which 
cacodylic  acid  may  be  regarded  as  the  representative.    They  are  derived  from  the 

bodies  As*^  R*  +  ^7  direct  oxidation  as  already  described.    Cacodylic  acid  is  r«mark- 

M      ,. 

able  for  its  stability;   neither  fuming  nitric  acid  nor  a  mixture  of  sulphuric  and 

chromic  adds  attack  it,  even  at  the  boiling  point,  and  it  may  be  heated  to  200^  with- 
out alteration.  Although  it  is  soluble  in  water  and  contains  upwards  of  54  per  cent, 
of  arsenic,  yet  it  is  not  in  the  least  poisonous.    Several  agents  reduce  cacodyl^  add  to 


i 
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thfl  ftiwnioufl  or  eren  to  the  diatomic  fonn.     ThnB  phosphonu  acid  tranifomui  it  into 
caeodjl: 

OH  l^H  ^^ 


2Afl' 


OH 

OH 

lOH 
CMndjHcadd.  Cacodyl.  Phosphoric  add. 

Zinc  alaoprodnoes  the  same  result  Hjdriodic  add  gas  conyerts  cacodjlic  acid  into 
anenious  dimethiodide : 

AbA     O"        +      SHI       -      As'^J^^)*    +     I«     +     2H«0. 
(OH  <      ^ 

The  add  character  of  this  body  is  so  sHghtly  marked  as  to  render  it  capable  of 
fonning  oomponnds  in  which  it  appears  to  play  the  part  of  a  base.  Thus  with  hjdro- 
flooric,  hydrochloric  and  hydrobromic  adds,  it  forms  the  following  compounds : 


As' 


f(CH»)»  f(CH«)«  f(CH»)« 

(H0)«,  Ab'4(H0)«     and    As^4(H0)« 

F  (  CI  I  Br 


Sulphoeaoodylic  add  has  not  yet  been  isolated,  but  its  salts  present  the  same  illa- 
tions to  those  of  caoodylic  add,  as  salts  of  sulphur-adds  generally  bear  to  those  of  oxy- 
acids.    Their  formula  is,  Ab'(CH»)«S"(MS). 

j^,  _  has  hitherto  been  xeiy  little  explored,  but  so  far  as  it  is 

known,  its  members  bear  so  close  a  resemblance  to  their  analogues  in  the  antimony- 
series,  as  to  require  no  further  notice. 

TsLLUBiTTic  SsBiBS.* — The  dose  relations  of  tellurium  to  sulphur  and  selenium  place 
the  bodies  of  this  series  in  the  same  position  with  regard  to  the  sulphides  and  selenides 
of  the  alcohol-radides  as  the  antimony  and  arsenic  series  stand  in  relation  to  the  cor- 
responding compounds  of  phosphorus  and  nitrogen. 

The  foltowing  are  some  of  the  chief  bodies  belonging  to  this  series: 

Tellurium-methyl  ....  Te(CH«)« 

TeUurous  dimethoxide    ....  Te(CH")K)'' 

Tellurous  diethiodide       ....  Te(C^»)«P 

TeUurous  diethoeulphate  .  Te(Cm*y(80*y. 

The  compounds  of  the  aleohol-radides  with  tellurium  are  volatile  liquids  of  most 
unbearable  odour.  They  oxidise  readily  in  contact  with  air,  forming  the  respeetire 
oxides.    Tellorium-amyl  has  not  yet  been  obtained  in  a  state  of  purity. 

The  oxidee  of  these  bodies  are  powerful  bases,  expelling  ammonia  from  its  salts,  and 
attracting  carbonic  add  from  the  air.  They  form  salts  of  considemble  stability,  which, 
as  well  as  the  oxidee  themselyes^  yield  the  original  oigano-tellurium  compounds  when 
treated  with  sulphurous  add : 

Telluroni  Sulphurout  Tellurlam  Suiphurio 

di«thoxld«.  icid.  ethyl.  add. 

QmstittUion  qf  OrganthmetaUie  Bodies. 

Oigano-metallic  bodies  may  be  regarded  as  constructed  upon  the  trpes  of  the  in- 
oiganic  cMorides,  sulphides,  oxides,  £c,  of  the  respectiye  metals  which  they  contain, 
the  chlorine,  oxygen,  sulphur,  &c,  being  replaced  in  equiyalent  proportion  and  fre- 
quently step  by  step  by  the  aleohol-radides. 

A  lefereoce  to  the  formuln  of  organo-potasnum,  sodium,  and  lithium  compounds 
when  disentangled  from  that  of  the  zinc-compound  with  which  they  have  hitherto 
remained  inseparately  associated,  shows  that  they  are  formed  upon  the  monatomie 
^rpe  of  the  protochlorides,  &e.,  of  these  metals,  MCL 

llie  dnc;  cadmium,  and  mercury  compounds  are  all  formed  upon  the  diatomic  type, 
represented  by  the  chloride  of  zinc,  Zn'Tl' 

In  like  manner  organo-alumininm  compounds  are  formed  upon  the  type  of  the  tri- 
chloride of  that  metal,  Al'^Cl*.  . 

Otgano-tin  compounds  are  represented  by  the  three  chlorides  of  tin:  Sn  Gl ,  Sn  CI , 
8n«'a\ 

•  WlihUr,  Ann.  Cb.Pharn.    xxxv.  n2,U»xiT.  C9i  Mal.leip  »«.  Ual«.  »»  WohUr  and 
Dtan,l»tf.  xdU.131. 
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The  compoundB  of  the  bifimuth-series  are  represented  br  the  trichloride  6f  biamnth 

SO" 
(OH)*  •  .Q« 

Organo-lead  compounds  are  arranged  under  the  type  of  peroxide  of  lead :  Pb*^  j  q.* 

The  arsenic  and  antimony  series  haye  for  their  tjpeB  the  following  inorganic 
compounds : 

i(i«J|!l  As'-Cl*  ^'|oH  ^'"^^  ^^'^*- 

The  inorganic  models  for  the  tellurium  series  are  chloride  of  tellurium  and  tellurous 
acid :  Te"Cl«  and  Te'^O*. 

Occasionally  an  abnormal  compound  has  made  its  appearance,  such  as  ethostibilic 
acid,  Sb«(C«H»)«0*  or  iodide  of  triethylstibine,  Sb(C«H»)*J ;  but  further  research  has 
inyariably  demonstrated  the  incorrectness  of  such  formulae  and  the  conformity  of  the 
bodies  with  the  normal  inorganic  types.  Indeed  this  law  may  now  be  regarded  as 
completely  established  so  as  to  be  applicable  to  the  control  of  the  formulae  of  new 
ozgano-metallic  bodies. 

From  the  point  of  view  thus  afforded,  it  is  interesting  to  watch  the  effect  of  the 
substitution  in  metallic  compounds,  of  basylous  or  positire  for  chlorous  or  negatire 
jodicles.  Such  a  substitution  affords  stnMng  evidence  of  Uie  dependence  <S'  the 
chemical  character  of  a  compound  upon  that  of  each  individual  constituent.  The 
highly  polyatomic  metals,  such  as  arsenic  and  antimony,  exhibit  this  dependence  in  the 
most  conclusive  m&nner.  Thus  tribasic  arsenic  add,  by  the  substitution  of  methyl  for 
half  an  atom  of  oxygen,  yields  the  dibasic  monomethyl-arsenic  acid,  a  well-defined  acid 
of  oonsiderable  eneigy,  though  inferior  in  chlorous  power  to  arsenic  acid.  The  b'ke  sub- 
stitution of  a  whole  equivalent  of  oxygen  by  meth^  reduces  the  chlorous  charaeter  of 
the  body  to  the  comparatively  feeble  condition  in  which  we  find  it  in  cacodylic  acid, 
which  is  incapable  of  forming  an  ammonia-salt.  A  similar  substitution  for  the  third 
time,  overpowers  the  acid  attribute  of  the  compound  altogether,  and  we  now  have  a 
feeble  biacid  base,  the  arsenic  oxytrimethide,  wnich  again,  by  the  exchange  of  oxygen 
for  a  fourth  atom,  of  methyl,  is  transformed  into  the  oxide  of  tetrameth^arsonium,  a 
base  of  such  energy  as  to  be  comparable  with  the  caustic  alkalis  themselves. 

The  behaviour  of  the  organo-metallic  bodies  teaches  a  doctrine  which  affects 
chemical  compounds  in  general,  and  which  may  be  called  the  doctrine  of  ato  m  i  c  satu- 
ration. Each  element  is  capable  of  combining  with  a  certain  limited  number  of  atoms ; 
and  this  number  can  never  be  exceeded,  although  the  energy  of  its  affinities  may  have 
been  increased  by  combination  up  to  this  point.  Thus"  zinc  appears  to  attain  its  atomic 
saturation  by  uniting  with  two  atoms  of  another  body ;  in  other  words  it  is  diatomic ; 
consequently  the  zinc  compounds  of  the  alcohol-radicles,  notwithstanding  their  intense 
affinities,  are  incapable  of  direct  union  with  other  bodies.  The  action  of  chlorous 
elements  upon  them  is  one  of  substitution,  not  of  combination.  Polyatomic  metals  ex- 
hibit the  same  phenomenon.  An  atom  of  tin  cannot  combine  witn  more  than  four 
atoms,  an  atom  of  arsenic  or  antimony  with  more  than  five  atoms  of  other  bodies ;  but 
in  the  combination  of  polyatomic  metals,  we  frequently  notice  between  the  lowest  and 
the  highest  compound  one  or  more  intermediate  points  of  exalted  stability ;  tbus  anti- 
mony has  a  triatomic  stage  of  comparative  stabiutT ;  nitrogen,  phoephoms,  and  arsenic, 
whilst  exhibiting  a  similar  triatomic  stage,  have  also  a  diatomic  one,  though  of  greatly 
inferior  stability ;  whilst  the  existence  of  nitrous  oxide  and  of  the  organic  compounds 
recently  discovered  by  Griess  renders  it  more  than  probable  that  nitrogen  has  a  third 
and  monatomic  stage. 

In  bodies  possessing  at  least  one  stage  of  stability  below  saturation,  and  in  which  all 
the  atoms  united  with  the  polyatomic  element  are  of  the  same  kind,  the  stage  of  max- 
imum stability  is  very  rarely  that  of  saturation.  Thus,  in  nitrogen,  arsenic,  and 
bismuth  compounds  of  the  kind  just  mentioned,  the  stage  of  maximum  stabiUty  is 
decidedly  the  triatomic  one ;  in  antimonial  compounds  of  a  similar  nature  the  triato- 
mic is  also,  though  less  decidedly,  the  stage  of  maximum  stability,  whilst  in  phospho- 
rous compounds  the  points  of  maximum  stability  and  of  saturation  generally  coincide. 
When,  however,  the  atoms  united  with  the  polyatomic  element  are  not  of  the  same  kind, 
then  die  stage  of  maximum  stability  usually  coincides  with  that  of  saturation.  Thus 
the  oxide  or  dichloride  of  triethylarsine  or  triethylstibine  are  more  stable  than  triethyl- 
arsine,  or  triethylstibine  themselves ;  but  this  pentatomic  stability  reaches  its  climax  in 
arsonium,  stibonium,  and  phosphonium  compounds,  as  it  does  also  in  the  corres- 
ponding compounds  of  nitrogen,  although  the  latter  element  exhibits  a  much  stronger 
tendency  towards  universal  triatomic  stability  than  its  chemical  associates. 

In  polyatomic  oi^gano-metallic  bodies,  it  is  remarkable  that,  with  few  exeeptionii, 
the  positive  hydroeaibons^  hold  their  position  much  more  tenaciously  than  the 
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dated  negatire  oonstitaents ;  and  we  thus*  frequently  find  the  former  aocompanTing 
the  metal  throogh  a  vast  number  of  componnds.  Hence  the  gronp  formed  by  the 
metal  and  positive  hydrocarbons  has  oome  to  be  regarded  as  a  compound  radicle.  Thus 
cacodyl  is  conceixed  to  be  the  radicle  of  the  vhole  series  of  cacodyl  compounds.  But 
however  great  may  be  the  convenience  of  this  mode  bf  viewing  organo-metallic  com- 
pounds, and  the  same  mode  has  notoriously  been  extended  to  nearly  all  organic  bodies, 
it  must  not  be  forgotten  that  it  is  a  purely  artificial  distincdoni  which  has  no  real  ex- 
iftteoee,  either  in  the  caae  of  organo-metallic  bodiea,  or  in  that  of  oiganie  bodies  in 
general. 

A  dose  examination  of  the  habits  of  the  so-called  oreano-metallic  radicles  shows 
clearly,  that  their  atomic  power  depends  upon  their  position  with  regard  to  the  stages 
of  stability  and  maximum  saturation ;  thus  they  are  monatomic  when  the  number  of 
positive  groups  is  one  lees  than  that  required  to  reach  either  the  maximum  saturation 
of  the  metal,  or  a  lower  stage  of  stability.  Cacodyl  and  tetramethylarsonium  (the  single 
atom),  for  instance,  are  monatomic  radicles,  beoiuae  they  are  respectively  one  atom 
ihort  of  the  stage  of  stability,  and  of  maximum  saturation : 


Mooatomic  fUge. 

SUgeofsUbllUy. 

^   JCH* 

fCH« 

As'"^  CH» 

la 

CacodyL 

Chloride  of  cacodyl. 

MonaCorele  ibige. 

Stage  of  naxfanmn  rataralion. 

OH* 

As'-(^g, 

lCH» 

As^. 

CH« 
CH« 
CH« 

la 

TetrancthyU 

Chloride  of 

VMmllUB. 

letrameU^larioniuu. 

It  is  obvious  that  a  compound  radicle,  the  number  of  whose  positive  atoms  is  below 
that  of  a  stage  of  stability,  can  have  a  double  atomic  character.  Thus  cacodyl  is 
sometimes  monatomic,  as  in  oxide  of  cacodyl ;  and  sometimes  triatomic,  as  in  cacodylic 
add.     Again  ^arsenio-monomethyl  (AsC!H')  is  diatomic  in  arsenioas  oxymethide, 

(CH«        "  f^^ 

^^  \  n"  *    ^^^  tetratomic  in  monomethylazsenic  acid :  As*  \  0" 

•"  UOH)«  E.  F. 

See  MasjOBAif. 

Syn.  with  Rocx-soap. 

Native  trisulphide  of  arsenic  (L  387). 

Syn.  with  Abchil. 

tlO  ACOB.    Syn.  with  OBSxixnno  Atun. 

ACXB.  Stenhouse  designated  the  add  obtained  £rom  South  American 
RoeceQa,  by  maceration  with  milk  of  lime^  &c,  as  a-orseUic,  and  that  prepared  in 
like  manner  from  South  A£nican  BocctUa  as  ^rsellic  acid,  llie  former  is  very  much 
like  lecanorie  add  (iii.  565),  and  perhaps  identical  with  it.  The  latter  is  con- 
tained, together  with  roocellinin  {q.  v.)  m*  the  predpitate  thrown  down  by  hydro- 
chlorie  add  from  the  lime-extract  of  the  Cape  lichen ;  cm  exhausting  this  predpitate 
repeatedly  with  water,  the  rocceUinin  remains  undissolTod,  while  tne  /S-orsellic  add 
crystallises  from  the  filtrate.  It  appears  to  be  somewhat  less  soluble  in  boiling  water 
than  a-orseUic  acid,  and  j^tcb  a  black  predpitate  with  acetate  of  lead.  It  has  however 
the  same  composition  as  o-orsellic  and  lecanorie  add,  forms  salts  exactly  resembling 
the  latter,  and  behaves  in  the  same  manner  with  alcohol,  alkalis,  hypochlorites,  &a 
The  two  adds  are  therefore  often  regarded  as  identical  (See  Gm.  xii.  877 ;  xvi.  294 ; 
Gerh.  iiL  797.) 

OBSXLUOno  A.OXB.  C^*0\  OraeUu  aM,  OrsdUdo  oM,  (Stenhoase, 
PhiL  Trans.  1848,  p.  66  ;  PhiL  Mag.  {8]  xxxiL  300 ;  Fidc.  Boy.  Soc.  xiL  263).~This 
add  is  ptodnoed:  1.  By  boiling  lecanorie,  a-onellie^  or  il'Oriiellie  acid  with  water, 
alcohol,  or  alkalis: 

2.  From  erythric  add  (eiythrin)^  simultaneously  with  picro-eiythrin,  when  the  barium- 
or  ealdmn-aalt  of  that  aad  is  boiled  with  water : 

C«H»0"     +     IPO      -      C»«H»H)»     +     2C»H«0». 
Erythric  add.  Picroerythrin.        OnelUiiic  acid. 
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8.  From  eTemic  add,  nmultanecuslj  with  eTeminic  add,  by  boiling  with  baiyta- 

water: — 

CiTHi-0'     +     H«0       -       C»H»»0«     +     C»HK)«. 
Evernic  acid.  ETcmfnic add.    OrMlItnicaefd. 

To  prepare  the  add,  lecanoric  add  Buspended  ,in  water  is  carefiilly  neatraliaed  with 
lime  or  baryta,  and  the  liqaid  is  boiled,  care  being  however  taken  not  to  continue  the 
boiling  too  long,  as  otherwise  the  orsellinic  add  will  be  resolved  into  carbonic  anhy- 
dride and  orcin.  The  caldc  or  baiytic  orsellinate,  being  much  more  soluble  than 
the  lecanorate,  dissolves  in  the  liquid,  and  on  adding  hydrochloric  add  to  the  solution, 
orsellinic  add  is  deposited  as  a  eelatinous  predpitate,  which  may  be  purified^by 
crystallisation  from  water  or  alcohol. 

Orsellinic  add  forms  colourless,  prismatic  crystals  much  more  soluble  in  water  and 
alcohol  than  lecanoric  add ;  it  is  also  soluble  m  ether.  The  aqueous  solution  has  a 
slightly  rough  and  bitter  taste  and  reddens  litmus.  When  boiled  for  some  time,  it 
ffives  off  carbonic  anhydride  and  leaves  orcin :  C*H«0«  -  CH^O'  -i-  CO*.  Chloride  of 
Time  imparts  to  it  a  very  fugitive  red-brown  or  violet  tint.  With  bromine  it  forms  tri- 
bromorcin.    (Hess  e.) 

The  orsellinates  of  the  alkali-metals  and  alkaline  earth-metals  are  soluble  in  water ; 
in  presence  of  excess  of  base  they  are  easily  resolved  into  orcin  and  a  carbonate. — ^Tho 
barium-salt,  CH^aO*  or  G'^H^Ba^O*,  is  very  soluble  in  water  and  in  alcohol,  and  is 
depodted  therefrom  in  four-sided  prisms.  It  is  obtained  by  adding  caustic  baryta  to 
an  alcoholic  solution  of  orsellinic  add,  keeping  the  acid  in  excess  to  avoid  decompo- 
dtion.  The  liquid  is  then  concentrated  to  a  syrup,  the  acid  is  saturated,  and  the  liquid 
left  to  crystallise. 


OMB&^ono  WTBMUBm  These  compounds  are  produced  by  boiling  lecanoric 
or  erythric  add  with  the  corresponding  alcohols. 

1.  Methylie  Orsellinate,  C»H"0«  =  C«H'(OH»)0«,  crystallises  from  boiling 
water  in  silky  needles,  volatile  without  decomposition,  more  soluble  than  the  ethylic 
ether, which  it  resembles  in  its  chemical  characters.    (Stenhouse.) 

2.  Ethylic  Orsellinate,  C"H»»0«  «  0'H'(0»H»)0*.— This  compound,  called  alao 
OrseUic,  Lecanoric,  and  Erythric  ether,  was  discovered  in  1830  by  H  eeren  (Schw.  J.  lix. 
341)  who  eaJXed.  it  pseudo^erythrin;  and  has  been  further  examined  by  Liebig  (Pogg. 
Ann.  xxi.  32),  Kane  (PhiL  Trans.  1840,  pp.  237,  279),  Schunck  (Ann.  Ch.  Phaim. 
xlL  160;  hd.  72),  Bochleder  and  Held t,  t^t^f.  xlviii.  6),  Stenhouse  (^.  ca.\ 
Strecker  (Ann.  Ch.  Pharm.  Ixviii.  Ill),  and  Hesse  {ibid,  cxvii.  297).  It  is  obtained 
by  prolonged  boiling  of  an  alcoholic  solution  of  lecanoric,  a-orseUic,  i9-orsellic.  or 
erythric  acid,  or  by  repeatedly  exhausting  RocceUa  tinctoria,  or  other  colour-yielding 
lichens  with  boiling  alcohol,  evaporating  the  united  liquids  to  dryness,  and  boiling  the 
reddue  with  water.  It  separates  from  the  aqueous  or  alcoholic  solution  in  crystalline 
scales  or  needles,  the  mother-liquor  retaining  a  large  quantity  of  ordn :  it  may  be 
purified  by  recrystallisation  from  boiling  water.  Another  mode  of  preparing  it  is  to 
pass  hydrochloric  add  gas  in  excess  into  a  warm  saturated  alcohohc  solution  of 
lecanoric  acid,  evaporate  over  the  water-bath  to  expel  the  greater  part  of  the  hydio- 
diloric  add,  and  treat  the  residue  with  water.  Orsellinic  e&er  is  then  predpitated  as 
a  blackish-green  resinous  mass  which  may  be  purified  as  above. 

Ethylic  orsellinate  forms  snow-white,  very  thm  laminae  or  needles,  nearly  insoluble  in 
cold  water,  very  soluble  in  alcohol  and  ether,  as  well  as  in  alkaline  solutions,  whence  it  is 
precipitated  by  adds  in  its  original  state.  The  aqueous  solution  is  neutral  to  test-paper. 
It  quickly  turns  brown,  espedally  when  dissolved  in  a  fixed  alkali.  The  ammoniacal 
solution  assumes  a  wine-rell  colour  when  exposed  to  the  air.  It  melts  without  loss  of 
water,  at  a  temperature  above  120^  (Heeren) ;  at  104 '5°  (Kane);  and  solidifies  to 
a  crystalline  mass  at  127*5°  (Hesse);  when  heated  in  water,  it  melts  at  100^.  It 
may  be  sublimed  without  decomposition. 

Ethylic  orsellinate  dissolves  in  caustic  alkalis,  also,  according  to  Hesse,  in  liot 
aoueous  carbonate  of  sodium,  and  is  reprecipitated  bv  acids  in  the  crystalline  state. 
When  boiled  with  alkalis,  it  gives  off  alcohol  and  yields  orcin ;  with  caustic  barjfta^  s 
precipitate  of  barytic  carbonate  is  formed. 

The  ether  dissolves  easily  in  strong  sulphuric  acid,  and  is  reprecipitated  by  water  in 
its  original  state :  the  solution  turns  brown  when  boiled.  Nitric  acid  converts  it  into 
oxalic  acid  (Schunck),  and  if  the  oxidation  be  carefully  conducted,  a  crystalline  body 
is  likewise  formed,  which  mdts  at  60°,  and  appears  to  condst  of  C*H**0'  (Hesse), 
With  bromine  and  chlorine,  orsellinic  ether  form  8ubstitutit)n-products.     (Hesse.) 

Ethylic  orsellinate  does  not  predpitate  the  aqueous  solutions  of  mercuric  chloride, 
eupric  sulphate  or  neutral  acetate  of  lead,  but  forms  with  the  basic  acetate  a  copious 
predpitate  containing,  according  to  Kane,  80*6  per  cent  lead-oxide,  approzimatelT 
with  the  formuk  C»H"0*.4Pb''0.  ^ 
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EtJ^lie  DicMorcrsettinaie,  C%*C1^G*H*)0\  obtained  by  the  action  of  chlorine  on  an 
ctheml  solution  of  ethylic  orsellinate,  crystallises  in  thin  prisms,  melts  at  162^,  and 
solidifies  at  ld9*d^.     (Hesse.) 

Ethnic  DibromorsfUinaU,  C»H»Br^C*H»)0*,  prepared  in  like  manner,  melts  at  144^ 
solidifies  at  138^,  and  forms  with  nentTal  acetate  of  lead,  a  white  precipitate  containing 
C»H*Br*Pb''0*.    (Hesse,  Stenhonse.) 

"S.  Amy  lie  Orsellinate.  On  boiling  dried  erythric  acid  with  amylic  alcohol  for 
serenl  honn»  and  removing  the  excess  of  alcohol  by  distillation,  the  residue  yielded  on 
standing,  a  mass  of  lustrous  flaky  crystals  contaminated  with  resinous  matter  from 
which  it  could  not  be  separated.    (Stenhouse.) 

OSTHITB.  Allanite.  Cerin, — A  silicate  of  alimiinium,  iron,  cerium,  yttrium,  &c., 
occurring  in  granite,  gneiss,  syenite  and  granular  limestone,  in  Sweden,  Norway, 
Greenland,  the  Ural,  some  parts  of  Germany,  and  several  localities  in  the  United  States. 
The  varieties  contaiaing  yttrium  were  formerly  called  orthite,  the  rest  allanite, 
and  those  among  the  latter  which  were  very  rich  in  iron,  were  further  distinguished  as 
ce  r  i  n,  but  as  these  differences  of  composition  arise  merely  from  the  mutual  replacement 
of  iK)morphous  constituents,  and  have  no  effect  on  the  crystalline  form,  they  are  now 
regarded  as  unessential,  and  the  name  orthite  is  extended  to  the  whole  group. 

The  ciystals  of  orthite  are  monoclinic  prisms,  homceomorphous  with  epidote.  Batio 
of  axes,  a:  b  :  e  ^  0-56137  :  1  :  0*8902.  Angle  of  inclined  axes  »  66^  5'.  The 
eiystalB  are  either  long  and  slender,  or  fiat  tabular.  Twins  occur  like  those  of  epidote. 
Cleavage  parallel  to  oP  in  traces.  It  occurs  also  massive  and  in  grains.  Hardness  a 
6*6 — 6.  Specific  gravity  »  3 '3 — 42.  Lustre  submetallic  and  pitchy  or  resinous, 
occasionally  vitreous.  Colour  pitch-brown,  brownish-black  or  yellowish.  Subtrans- 
lucent  to  opaque.  Fracture  uneven  or  subconchoi'dal.  Brittle.  Before  the  blowpipe 
most  orthites  swell  up  and  fuse,  with  ebullition,  to  dark-coloured  tumefied  glasses. 
With  fluxes  they  give  the  reactions  of  iron,  manganese  and  silica.  Host  of  them  are 
decomposed  by  aeids,  forming  a  jelly ;  some^  however^  resist  the  action  of  acids  alto- 
gether. 

Analyses :  a.  Attaniie  from  Bygdin-Vand  on  Jotun^d,  Norway.  Black :  specific 
gravity  —  3*63 — 3*64;  pyrognomic  (that  is,  exhibits  incandescence  when  heated); 
decomposed  hj  acids  (Scheerer,  De  fossiUum  Allanite,  Orthite^  Cerin,  Gadolinitque, 
^Ussertaiio.  BeroL  1849). — b.  Allanite  from  Snarum  in  Norway.  Brownish-black : 
specific  gravity    <=    379:    undecomposible  by  acids  (Scheerer). — e.   Cerin  from 

Riddarhyttan,  Sweden.    Specific  gravity  377 — 3*80.    Undecomposible  (Scheerer) 

d,  Uranorthite  from  Miask  in  the  Ural.  Black :  specific  gravity  »  3*647.  Decom- 
po8ible(Rammelsber^  ATtn^o^cA^mte,  p.  747). — e,  Son^iled iucklandite,  Spedfie 
gravity  -  3*48— 3;66  (Hermann,  J.pr.  Chem.  xxiii.  273 ;  xliil  36, 99).^/.  From  the 
Thuringerwald ;  partly  crystallised  in  the  form  of  epidote.  Black.  Specific  gravity  ^ 
3*79.  Undecomposible  (Credner,  Fogg.  Ann.  Ixxix.  144). — ff.  From  Wemheim, 
Baden,  in  arenite.  Specific  gravity  »  3*44 — 3*47.  Undecomposible  (Stifft^  Ram" 
vuUbttxfs  Mineralchriniey  p.  746). — h,  Berks  Co.  Pennsylvania.  Specific  gravity  «■ 
8-782.    Peoomposible  (Genth,  J.  pr.  Chem.  Ixiv.  471). 
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These  analytical  results  may  be  represented  by  the  general  formula  3^-SiO'.(Al''; 
Fe*")^H)*'  (M"  denoting  diatomic  iron,  cerium,  yttrium,  calcium,  &c.),  both  terms  of 
whi^  are  orthosilicates. 

XanthorthUe  is  a  yellowish  variety  of  orthite,  of  specific  gravity  2*78 — 2  79,  and 
eoDtaininff  much  water. 

Pyrortbu  is  an  impure  variety  from  the  neighbourhood  of  Fahlun  in  Sweden,  con- 
taining bitumen.  Berzdius  found  in  it  10*43  silica,  3*59  alumina^  6*08  ferrous  oxide, 
1-39  manganous  oxide,  13*92  cerous  oxide,  4*87  yttria,  1*81  lime,  26-50  water, 
and  31-41  carbon  (by  loss).    It  is  probably  the  residue  of  decomposition  of  an  orthite. 

Bagrothmte  from  Achmatowsk,  having  the  form  of  Bucklandite  (epidote,  ii.  490), 
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haidnesB  6*5,  and  spedfie  gnvity  3*46,  and  containing  88'88  per  cent  silica,  SO* 1 9 
alumina,  9*82  ferric  oxide,  3*82  ferrous  oxide,  3*60  protoxide  of  cerium,  lanthanmis 
and  didjmium,  17*37  lime,  1*98  magnesia,  and  1-60  water  ((»  97*26),  is  composed, 
according  to  Hermann  (Jahresb.  1862,  p.  730),  of  6  molecules  of  bucklandite 
(epidoteX  and  1  molecule  of  uralorthite,  crystallised  together. 

A  mineral  called  Bucklandite*  from  Laach  in  the  Eitel,  has  been  shown  by  v.  Rath 
(Jahresb.  1863,  p.  814)  to  hare  the  form  and  composition  of  orthito ;  it  contains  31*83 
per  cent,  silica,  13*66  alumina^  17*95  ferrous  oxide,  0*40  manganous  oxide,  20*89  ceroua 
oxide,  11*46  lime,  and  2*70  magnesia  (»  98*89). 

A  black-brown  mineral  resembling  orthite,  of  spedflc  graTity  3*44,  and  hardness 
between  fluorspar  and  apatite,  contains,  according  to  Michaelson  (Jahresb.  1863, 
p.  815),  29*21  per  cent,  silica,  2*81  alumina,  6*42  ferric  oxide,  6-44  siroonia,  4*27 
glucina,  9*79  cerous  oxide,  15*60  oxides  of  lanthanum  and  didymium,  1*63  yttria, 
14*93  lime,  0*45  magnesia^  2*45  soda»  and  5*50  water. 

OSTHO-CAXBOVATB  OV  1ITBT&.  (C<H")^CO«.  (H.  Bassett,  Chem.  Soc. 
J.  xtIl  198.) — This  ether  is  produced  by  the  action  of  sodic  ethylate  on  chloropicrin : 

CNO»a«  +  4C«H»NaO     «     3NaCl  +  NaNO«  +  (C*H*)*CO*. 

To  prepare  it  40  grms.  of  chloropicrin  are  heated  with  300  gnus,  of  absolute  alcohol 
to  the  boiling  point  of  the  latter ;  24  grms.  of  sodium  are  added  by  small  portions;  and 
as  soon  as  the  reaction  is  finished,  the  alcohol  is  distilled  off  and  water  added  to  the 
residue.  Ethylic  orthocarbonate  then  rises  to  the  surface  as  an  oil  which  must  be  washed 
with  water,  dried  by  chloride  of  calcium,  and  purified  by  fractional  distillation. 

Ethylic  ortho-carbonate  has  a  peculiar  aromatic  odour,  specific  gravity  a  0*925, 
and  boils  at  16S^ — 160<>.  Vapour-density  obs.  =  6*80 ;  calc.  =  6*66.  It  is  decom- 
posed by  alcoholic  potash  at  the  boiling  heat,  yielding  a  considerable  quantity  of 
potassic  carbonate.  When  digested  for  some  hours  with  boric  anhydride,  it  yields 
acid  ethylic  borate  (i.  650)  and  diethylic  carbonate : 

(C«H*)*CO«     +     2B«0»       -      (C*H*)«B*0'     +     (C»H»)«CO«. 

See  Fblspas  (ii.  619). 

The  prefixes  ortho  and  meta  hare  been  introduced  by  0  d  1  in  g 
to  denote  two  classes  of  salts  of  the  same  acid,  which  difier  &om  one  another  by  one 
or  more  molecules  of  metallic  oxide,  MK),  M"0,  &c.,  the  more  basic  salts  being  called 
ortho-  and  the  less  basic,  meta-salts,  as  in  the  following  examples : — 

BonUes. 


Orthoborate  of  Sodium 
Hetaborate   . 

Na"BO« 
NaBO« 

Orthoborate  of  Lead,  . 
Metaborate 

Difference 

Pb»B»0« 
Pb"B*0« 

Difference 

Na«0 

2Pb"0 

Carbonates, 

Orthocarbonate  of  Ethyl 
Metacarbonate 

.  (cm^yco* 

.  (C«H*)«C0» 

Orthocarbonate  of  Calcium   . 
Metacarbonate 

Ca*CO« 
Ca"CC)« 

Difference 

.      (C«H»)K) 

Difference 

Ca-'O 

Niiratrs. 

Orthonitrate  of  Meicurosum 
Metanitrate 

HgN0« 

Orthonitrate  of  Copper 
Metanitrate 

cfu«N«0» 
Cu'^«0« 

Difference 

HgHO  1                       Difference      . 

2Cu-0 

Orthonitrate  of  Bismuth        .        .        Bi'"NO*         »        bT»N«0»« 
Metanitrate Bi"'N»0» 

Difference                Bi'^O 

1 

Phoephates. 

Orthophosphate  of  Sodium 
Meta^osphate    . 

Na'PO* 
NaPO« 

Orthophosphate  of  Barinm 
Metaphosphate 

Difference 

Bi'«P«0« 
Ba-P^o* 

Difference 

Na«0 

2Ba''0 

See    BoR^TBS  (i.  640),    Carbonates  (L  778),    Nitbatw  (iv.  82),   Phosphatbs, 

SlUCATSS,  &c. 

*  ThU  name  hiivlng  been  applied  both  to  orthite  and  to  a  rarlety  of  epidote  ii  best  given  up'altogctber. 
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SjD,  with  OsXHOCLAfiB. 

ILOID.      Syr.  with  Oskiamic  A  cm. 

LOaca  (from offfiii odour,  and  C«^j broth).  A  name  applied byTh^nard 
to  that  portion  of  the  aqneous  extract  of  meat  which  is  soluble  in  alcohol  and  contains 
those  constitnentB  of  the  flesh  which  determine  its  taste  and  smell. 

OSlBBUnnk    Syn.  with  Pbotolitb. 

0«KXAMIO  ACID.  H«Os«NH)*.— This  acid,  discoTered  by  Fritzsche  and 
Stmre  (J.  pr.  Chem.  xli  97),  is  produced  by  the  action  of  ammonia  on  osmictetroxide 
in  presence  of  fixed  bases.  Tlie  potassium-salt,  K*Os*N«0»  is  obteined  by  adding 
ammonia  to  a^  hot  solution  of  the  tetroxide  in  excess  of  potash ;  the  deep  orange 
colour  of  the  liquid  then  changes  to  light  yellow,  and  the  potassium-salt  separates  as 
a  yellow  crystalline  powder,  which  may  be  purified  by  recrystallisation  from  the 
least  possible  quantity  of  boiling  water.    The  reaction  is : 

COsO*     +     SNH*     +     0KHO     «     3K«0s»  N^O*     +     N«     +     16H«0. 

The  potassium-salt  may  be  converted  into  the  silver-salt  by  precipitation,  and  from 
this  the  aqueous  acid  may  be  prepared  by  decomposition  with  hydrochloric  acid.  It 
may  be  kept  for  some  days  when  dilute,  but  soon  decomposes  in  the  concentrated  state. 
It  is  a  strong  acid,  decomposing  not  only  the  carbonates  but  even  the  chlorides  of  potas- 
sium and  sodium. 

Osmiamic  acid  is  dibasic,  its  salts  having  the  composition  M'Os'N^O*  «  MPO.Os'N'O* 
Fri  tasche  and  Struve  regard  the  anhydride  Os^N^O*  (not  isolated)  as  a  compound  of 
OsN»  with  OsO*,  and  call  it  osman-osmicacid.    Gerhardt  (Compt.  chim.  1847, 
p.  304),  who  suggested  the  name  osmiamic  acid,  supposes  the  salts  to  contain  1  at! 


AWDv    -I-  «^,**    ^  VB*^  V    -r  u^  V,   uuu  xrxLKBcue  ana  ocruves tormula agrees 
best  with  the  composition  and  reactions  of  the  salts. 

The  osmiamates  of  the  alkali-  and  alkaline  earth-metals  are  soluble  in  water ; 
the  lead,  mercury,  and  silver  salts  are  insoluble.  The  ammonium-salt,  (NH*)*Os'N*0*' 
forms  laige  yellow  crystals  isomorphous  with  those  of  the  potassium-salt,  easily  soluble 
in  water  and  alcohol,  and  detonating  at  126°.  The  harium-salt,  Ba"Os*N«0*,  crystal- 
lises in  yellow,  shining  needles,  moderately  soluble  in  water  and  detonating  at  about  ' 
150O.  The  lead-salt,  Pb"Os«N«0».Pb»0  ?,  obtained  by  mixing  an  alcoholic  solution 
of  the  potassium  or  ammonium  salt  with  nitrate  of  lead,  is  a  yellow,  crystalline  precipi- 
tate which  becomes  dark-coloured  during  washing.  The  mercuric  salt,  obtained  by 
decomposing  the  silver-salt  with  mercuric  chloride,  forms  prismatic  easily  decomposible 
crystals.  The  mercurous-salt  is  a  light  yellow  amorphous  precipitate  which  volatilises 
qnickly  when  heated. 

Thopotassium'salt,  K«Os«N«0»  crystallises  in  yellow  dimetric  octahedrons  with  ter- 
minal angles  of  106°  16'  and  lateral  angles  of  116°  6'.  It  is  much  less  soluble  in 
alcohol  than  in  water,  insoluble  in  ether ;  may  be  heated  to  180°  without  alteration, 
but  detonates  at  higher  temperatures.  Heated  with  hydrochloric  acid  and  chloride  of 
potassium,  it  gives  off  chlonne  and  is  converted  into  potassio-osmioso-osmic  chloride 
(ehlorosmite  of  potassium)  (Glaus): 

K«08«N«0»  +  4Ka  +   18HC1     -     2(3KCLOsa»)  +   2NH*C1  +  6H«0  +  a«. 

The  saver^salt,  Ag*Os*N«0*,  obtained  by  precipitation,  or  by  diasolvmgosmic  tetroxide 
m  anammoniacal  solution  of  the  silver-salt  and  supersaturating  with  nitric  acid  is  a 
lemon-yellow  crystalline  powder,  veiy  slighdy  soluble  in  water  and  in  cold  nitric  acid, 
easily  soluble  m  ammonia.  It  blackens  when  exposed  to  hght,  detonates  violentlv  at 
80°,  also  by  percussion,  or  when  sulphydric  acid  gas  is  passed  over  it. 

The  sodium-salt  is  very  soluble  and  crystallises  from  a  syrupy  solution  in  rather 
lanee  prismatic  hydiated  crystals. 

The  eine-sali  is  very  soluble. 

An  ammoniacal  zinc-salt,  4NH".Zn"0s«NK)*,  separates  on  mixing  an  ammoniacal 
solution  of  osnuc  tetroxide  with  a  zinc-salt,  as  a  light  yellow  crystalline  powder, 
permanent  in  the  aiiv  easdv  decomposible  by  water,  nearly  insoluble  in  ammonia. 
Cadmium  fonns  a  similar  salt 


I.  The  name  given  byFr^mytothe  compound N*H<(080«)",  which 
he  supposes  to  existm  combination  with  sal-ammoniac  in  the  yellow  substance  produced 
by  digesting  osmite  of  potassium  in  a  cold  solution  of  sal-ammoniac  (pp.  244,  246). 

oamous  A0I».(     ^^  Osmitm,  Oxidrs  of  (pp.  246,  246). 
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OSMSUmiyBK  or  Iridotmine, — ^The  natiTe  alloy  of  iridinmaad  ossiiiim,  ocenning 
together  with  platinuin,  &c.  in  variouH  localities..  Its  oompoeition  and  properties  hare 
been  already  giTen  under  iBiDosimnB  (iii.  325),  and  seveial  methods  of  decomposing  it 
under  Ibidiuic  (iii.  314).  The  following  are  additional  methods :— a.  90  grms.  of  the 
ore  are  mixed  with  180  g^rms.  saltpetre  and  90  grms.  caustic  potash,  and  the  mixture  is 
led  in  separate  portions  to  a  strong  red  heat  for  an  hour  or  an  hour  and  a  half  in 
ve  silver  crucible,  placed  within  a  hessian  crucible  containing  magnesia,  each 
melted  portion  beinff  poured  out  into  an  iron  dish  and  the  still  undecomposed  residue 
heated  twice  or  thnce  more  with  the  same  quantity  of  flux,  before  a  fresh  portion  of 
the  original  mixture  is  introduced  into  the  cmcible.  The  cooled  and  pulyensed  mass 
is  then  introduced  into  a  Tessel  which  can  be  closed,  and  briskly  agitated  for  four 
hours  in  a  dark  place  with  14  litres  of  distilled  water,  and  the  clear  deep  orange- 
coloured  solution  (^)  is  decanted  from  the  black  sediment  {B)  whidi  latter  is  washed 
with  water  in  a  ftmnel  plugged  with  asbestos.  The  solution  A  smells  slightly  of  osmic 
tetroxide,  and  contains  free  potash,  nitrite,  osmite,  rutheniateand  nitrate  of  potassium, 
together  with  a  small  quantity  of  osmic  tetroxide;  no  other  platinum-metaL  The 
residue  .8  is  a  velvet-black,  somewhat  crystalline  powder,  consisting  principally  of 
iridic  oxide  and  acid  iridiate  of  potassium,  with  portions  of  ruthenic  sesquioxide,  osmic 
dioxide,  ferric  oxide,  and  traces  of  cupric  and  palladic  oxides,  all  soluble  in  acida ;  also 
of  a  residue  insoluble  in  acids  consistiuff  of  oxides  of  iridium,  platinum,  and  rhodium, 
with  a  certain  quantity  of  undecomposed  ore. 

To  extract  the  ruthenium,  B\b  fused  a  second  time  with  the  fluxes  above  men- 
tioned ;  the  solution  obtained  by  treating  the  fused  mass  with  water  is  added  to  A-, 
and  the  still  undissolved  residue  to  B.  The  solution  is  next  neutralised  with  very 
dilute  nitric  add,  whereby  a  black  precipitate  b  is  thrown  down ;  the  clarified  solution 
a  is  decanted,  and  the  precipitate  consisting  chiefly  of  osmic  hydrate,  080*.2H'0, 
oontainine  from  15  to  20  per  cent,  ruthenic  sesquioxide,  is  washed.  To  separate  the 
metals,  this  precipitate  is  introduced  into  a  large  retort  fitted  with  a  luted  and  well- 
cooled  receiver,  together  with  2  lbs.  hydrochloric  and  3  lbs.  nitric  acid,  and  slowly  and 
carefully  distilled  till  the  greater  part  of  the  acid  has  passed  over,  and  the  residue  in 
the  retort  has  become  viscid.  This  residue  consists  cnieflv  of  ruthenic  tetrachloride, 
BuCl^  with  a  small  quantity  of  trichloride.  (For  the  method  of  obtaining  the  metal 
from  it,  see  BirrHBNnTM.) 

The  faintly  yellowish  solution  a  still  contains  oxides  of  ruthenium  together  with  a 
large  quantity  of  osmic  tetroxide.  It  is  distilled  with  2  lbs.  of  hydrochloric  acid  till 
all  the  osmic  tetroxide  has  passed  over,  and  the  residue  in  the  retort  has  become  rose- 
coloured  (from  formation  of  red  ruthenic  chloride) ;  the  red  liquid  is  concentrated ;  the 
greater  part  of  the  potassic  nitrate  crystallised  out ;  the  concentrated  solution  then 
evaporated  to  dryness ;  the  residue  dissolved ;  and  the  ruthenium  precipitated  from  the 
solution  by  sulphide  of  ammonium,  with  addition  of  a  little  fr«e  acid.  The  osmic 
tetroxide  obtained  at  the  same  time  may  be  separated  by  fractional  distillation ;  or  the 
solution  containing  it,  may  be  treated  according  to  Pr^my's  method  (Ann.  Ch. 
Phys.  [3]  xii.  521),  bv  mixing  it  with  caustic  potash  and  a  little  alcohol,  and  adding 
pulverised  sal-ammoniac  The  greater  jpart  of  the  osmium  is  then  thrown  down  in  the 
form  of  a  compound  of  osmiamic  acid  with  sal-ammoniac. 

The  powder  B^  which  contains  considerable  quantities  of  rutlienium  and  osmium,  is 
distillea  with  excess  of  nitromuriatic  acid  till  the  whole  of  the  osmic  tetroxide  has  passed 
over ;  and  the  residual  liquid  is  strongly  concentrated  and  left  to  cool,  whereupon  it 
deposits  the  greater  part  of  the  iridium  as  black  chloriridiate  of  potassium,  K*Ir*^Cl*. 
The  mother-uquor,  siter  filtration,  is  mixed  with  a  little  sal-ammoniac  to  throw  down 
the  rest  of  the  iridium ;  filtered  after  standing  from  the  crystalline  precipitate  of  chlor- 
iridiate of  ammonium  ;  and  the  liquid  is  then  mixed  with  a  large  quantity  of  powdered 
sal-ammoniac.  The  resultiuff  brown  crystalline  mass,  after  washing  with  sal-ammoniac 
and  weak  spirit^  yields  ruthenium  in  the  form  of  the  double  salt,  (NH^)*Ru'"Cl*. 
(Clans,  N.  Petersb.  Acad.  Bull.  v.  453;  Jahresb.  1861,  p.  322.) 

/9.  The  following  method  of  treating  Califomian  osmiridium,  which  contains  a  con- 
siderable proportion  of  ruthenium,  is  given  b;^  Gibbs  (SilL  Am.  J.  [2]  xxxi.  53).  The 
ore  is  first  freed  from  silica  and  other  impurities  by  fusion  with  3  pts.  dry  carbonate  of 
sodium,  and  subsequent  lixiviation ;  1  pt.  of  it  is  then  fused  with  1  pt.  caustic  potash  and 
2  pts.  Mdtpetre ;  and  the  cooled  mass  broken  into  lumps  is  boiled  with  water  containins 
^  of  its  bulk  of  strong  alcohol,  till  completely  disintegrated.  The  liquid  together  with 
the  lighter  particles  of  oxide  is  then  decanted,  and  the  residue  is  aoain  treated  with 
water  and  decanted  after  standing  for  some  time.  There  is  thus  obtamed  a  solution  of 
potassic  osmite,  a  lazge  quantity  of  black  oxides  ^probably  a  mixture  of  RuO*,  BuK)', 
or  their  hydrates)  and  a  coarse  heavy  powder  chiefiy  consisting  of  undecomposed  ore. 
The  latter  is  again  fused  with  hydrate  and  nitrate  of  potassium,  and  the  melted  mass 
treated  as  above.    The  solution  containing  the  potassic  osmite  and  the  salts  of  tho 
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felkaH-metols  is  decanted  £rom  the  deposited  black  oxides  still  containing  osmium ;  and 
these  oxides,  after  washing  with  hot  water  and  alcohol,  arc  introduced  into  a  capacious 
letort  pzovided  with  a  safety-tube  and  connected  with  a  tight-fitting  cooled  receiver, 
which  again  is  connected  by  wide  tubes  with  two  or  three  WouIfe*s  bottles  containing 
a  strong  solution  of  potash  and  a  little  alcohol.  A  large  excess  of  strong  hydrochloric 
acid  is  then  cautiously  poured  through  the  safety-tube  into  the  retort,  and  after  the 
first  violent  action,  which  causes  a  part  of  the  osmic  tetroxide  to  distal  over  sponta- 
neously, is  over,  tiie  distillation  is  continued  at  the  heat  of  a  sand-bath  till  no  more 
osmic  tetroxide  collects  in  the  neck  of  the  retort,  and  that  which  is  previously  condensed 
flows  out  in  oil^  drops.  At  the  eifd  of  the  distillation  the  retort  is.  left  to  cool ; 
the  receiver  is  disconnected  ftom  it  and  closed  by  a  cork,  and  the  osmic  tetroxide  is 
driven  over  by  a  moderate  heat  into  the  Woulfe's  bottles ;  and  the  contents  of  these 
vessels  are  mixed  with  the  solution  obtained  by  lixiviating  the  original  fused  mass. 
The  liquid  evaporated  over  the  water-bath  yields  on  cooling  cirstals  of  potassic  osmite. 
The  mother-liquor  contains  only  traces  of  osmium  and  is  worthless. 

The  dark  brown  solution  poured  out  from  the  retort  is  evaporated  to  diyness,  the 
residue  is  redissolved  in  hot  water ;  the  solution  is  evaporated  again  after  addition  of  a 
little  hydrochloric  acid ;  this  process  is  repeated  till  the  odour  of  osmic  tetroxide  is  no 
longer  perceptible ;  and  a  cold  saturated  scuution  of  chloride  of  potassium  is  then  added, 
which  dinolves  the  chlorides  of  iron  and  palladium,  while  platmum,  iridium,  rhodium, 
and  ruthenium  remain  as  double  salts  insoluble  in  a  strong  solution  of  chloride  of 
potassium.  The  latter  are  well  washed  with  a  saturated  solution  of  potassic  chloride, 
which  removes  almost  all  the  iron  and  palladium,  and  leaves  the  double  chlorides 
together  with  the  insoluble  impurities  of  the  ore. 

OSMXTOVSXSp  OTEb  OT.  OawitopHa  astenscotdes,  an  aromatic  plant  of  the 
composite  order  growing  near  Cape  Town,  yields  an  essential  oil  possessing  tonic  and 
antispaamodic  properties.  It  is  greenish-yellow,  has  a  burning  taste,  and  a  pungent, 
not  very  agreeable  odour  recallixig  that  of  camphor  and  oil  of  c^'eput  Specific  gravity 
«■  0*931.  It  reduces  anammoniacal  solution  of  silver-nitrate  on  long  boiling.  When 
distilled,  it  begins  to  boil  at  130^,  and  enters  into  regular  ebullition  between  176°  and 
178^,  two-tluids  of  the  oQ  passing  over  between  this  point  and  188^ ;  the  thermometer 
then  continues  to  rise  till  it  reaches  208^,  and  a  small  quantity  of  camphor  sublimes 
on  the  sides  of  the  vessel.  The  portion  collected  between  178^  and  182^  contains  77*9 
per  cent,  carbon  and  11*79  hyorogen,  agreeing  nearly  with  the  formula  C'^H"0, 
according  to  which  oil  of  osmitopsifl  is  isomeric  with  boneol  (i.  626)  and  oil  of  cajeput 
(i.  712). 

OflMZUBL  Symbol  Os.  Atomic  weight  199. — ^A  metal  belonging  to  the  platinum 
miap,  discovered  by  Ten  nan  t  (Phil.  Trans.  1804,  p.  411),  and  nirUier  examined  bv 
Serselius  (Pogg.  Ann.  xiii.  463  ;  xv.  208  and  527),  Fr^my,  Gompt.  rend,  xxxviii. 
1008),  Glaus  (Ann.  Ch.  Pharm.  lix.  234;  Ixiii.  341;  K.  Petersb.  Acad.  Bull.  ii. 
168;  iv.  453;  vi  145;  Jahresb.  1860,  p.  204;  1861,  p.  320;  1863,  p.  295),  Deville 
and  Debray  (Ann.  Ch.  Pharm.  civ.  227;  cxiv.  78;  Ann.  Ch.  Phys.  [3]  Ivi.  385; 
Jahresb.  1857,  p.  260,  1859,  p.  231),  and  Gibbs  (SilL  Am.  J.  xxix.  427  ;  xxxi.  63; 
Jahresb.  1860,  pi  217 ;  1861,  p.  328).  The  name  of  the  metal  is  derived  from  off/iii 
(odour)  on  account  of  the  strong  and  peculiar  odour  of  its  highest  oxide. 

Osmium  occurs  combined  with  iridium,  forming  the  alloy  called  osmiridium  or 
iridoamine,  in  native  platinum,  partly  in  distinct  white  metallic  grains,  partly  intimately 
mixed  or  combined  with  the  platinum  and  other  metals,  and  remaining  in  black  scales 
when  those  metals  are  dissolved  in  nitro-muriatic  acid ;  osmiridium  idso  occurs  with 
chrome-iron  in  irite  (iii.  325). 

The  separation  of  osmium  from  iridium  and  the  other  metals  with  which  it  is 
associated,  depends  chiefiy  on  its  ready  oxidation  by  nitric  or  nitro-muriatic  acid,  or  by 
ignition  in  air  or  oxyeen-gas,  and  the  volatility  of  the  oxide  thus  produced.  The 
methods  of  effecting  me  separation  have  been  already  described  unoer  Jjudutm.  (iii. 
814—316,  Kos.  1,  2,  4,  6,  7),  and  OsxnunirM  (iv.  241). 

To  obtain  metallic  osmium,  the  distilled  osmic  tetroxide  is  digested  with  hydro- 
chloric add  and  metallic  mercuiy  in  a  well-closed  vessel  at  140^.  The  oemium  is 
xeduoedby  the  mercury,  and  an  amalgam  formed,  which,  when  distilled  in  a  retort  through 
which  hydrogen  is  psjised  till  all  the  mercurv  and  calomel  are  expelled,  leaves  osmium 
as  a  blade  powder  without  metallic  lustre  (Berselius).  MetaUio  osmium  may  also 
be  obtained  by  digesting  osmic  tetroxide  with  hydrochloric  acid  and  metallic  sine, 
(Yauquelin  ), — or  by  passing  the  vapour  of  the  tetroxide  mixed  with  hydrogen  through 
a  g^aoB  tube  heated  to  redness  for  about  an  inch  of  its  length,  the  osmium  being  there 
deposited  as  a  compact  metallic  ring  (BerzeliusX  or  by  igniting  a  mixture  of 
chloiosmiate  of  ammonium  with  sal-ammoniac  (Berz alius). 
The  following  is  the  method  adopted  by  Deville  and  Debray.    A  veiy  intimate 
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mixture  of  osmiridimn  with  6}  pts.  bariiim-p^ioxide  is  heated  for  an  hour  or  two  in  a 
well-dewed  earthen  cmcihle  to  the  melting  point  of  ailver;  the  reenlting  black  maas 
coarsely  powdered  is  drenched  in  a  glate  retort  with  a  little  water,  and  then  with  a 
mixture  of  8  pts.  hydrochloric  and  1  pt  ordinary  nitric  acid;  the  mixture  is  distilled  in 
a  retort  prorided  with  a  closely  fittmg  and  well  cooled  receiver  containing  aqneooa 
ammonia,  as  long  as  yapoura  of  osmio  tetroxide  oontume  to  pass  OTer;  the  osmate  of 
ammonium  thus  obtained  is  supersaturated  withsulphydric  acid ;  the  liquid  containing 
the  suspended  sulphide  of  osmium  is  boiled  for  some  time  and  filtered ;  and  the 
sulphide  of  osmium  is  dried  at  a  r^g^ular  temperature,  as  it  might  take  fire  if  too  strong- 
ly heated.  The  dried  sulphide  is  then  introduced  into  a  crucible  made  of  gas-coke, 
poliBhed  on  its  inner  sui^ice,  and  fitted  with  a  well-ground  cover,  and  this  crucible, 
placed  within  an  earthen  crucible  containing  sand  and  likewise  well  closed  with  a 
ground  cover,  is  exposed  for  four  or  six  hours  to  the  melting  heat  of  nickel.  The  sul- 
phide of  osmium  is  thereby  reduced  to  the  metallic  state. 

Properties. — The  properties  of  metallic  osmium  ▼azy  according  to  the  mode  of 

Preparation.  In  the  pulverulent  state  it  is  black,  destitute  of  metalKc  lustre,  which 
owever  it  acquires  by  burnishing,  and  has,  according  to  Berzelius,  a  densi^  of  only  7 ; 
but  in  the  compact  state,  as  obtained  by  Beiselius's  method  above  described,  it  exhibits 
metallic  lustre  and  a  density  of  10.  When  reduced  by  the  wet  way  it  has  a  bluish  tinge.  It 
is  malleable  enough  to  bear  rolling  into  thick  plates,  but  is  easily  reduced  to  powder  under 
the  hammer  (Berselins^.  Deville  and  Debray,  bv  the  method  just  described, 
obtained  it  in  easily  divisible  lumps  having  a  bluish  colour  lighter  than  that  of  sine 
It  may  be  reduced  to  a  more  compact  state  by  heating  it  to  the  melting  point  of 
rhodium,  when  it  attains  a  density  of  21*3  to  21*4.  When  heated  with  7  or  8  times 
its  weight  of  zinc  in  a  charcoal  crucible  to  bright  redness,  it  dissolves  in  the  sine, 
separates  on  slow  cooling  in  the  crystalline  state,  and  remains  after  the  zdnc  has  been 
removed  by  hydrochloric  acid,  as  a  very  hard  cirstalline  powder.  If  osmium  be  melted 
with  zinc  and  the  resulting  alloy  treated  with  hydrochloric  add,  the  whole  of  the 
osmium  remains  undissolved  as  an  amorphous  very  inflammable  powder ;  but  if  the 
zinc  be  expelled  from  the  alloy  by  a  strong  heat^  and  the  remaining  osmium  heated  in 
a  charcoal  crudble  before  an  oxy-hydrogen  blowpipe  capable  of  mdting  rhodium,  the 
osmium  is  obtained  as  a  bluish  metallic-shining  mass,  having  the  densi^  of  21*4,  hard 
enouch  to  scratch  glass,  not  however  quite  compact,  but  penetrated  by  cavities.  At  a 
still  higher  temperature,  capable  of  mdting  ruthenium  and  iridium  and  volatilising 
platinum,  osmium  likewise  volatilises,  but  stiU  does  not  melt;  it  is  in  fact  the  most  in- 
fusible of  all  metals. 

Osmium  in  the  finely  divided  state  is  highly  combustible :  continuing  to  bum  when 
set  on  fire  till  it  is  all  volatilised  as  tetroxide.  In  this  state  also  it  is  easily  oxidised 
by  nitric  or  nitro-muriatic  add,  being  conyerted  into  tetroxide.  But  after  exposure  to 
a  red  heat,  it  becomes  much  less  combustible  and  is  not  oxidised  by  nitric  or  nitro- 
muriatic  add  (Berzelius).  Osmium  which  has  been  heated  to  the  mdting  point 
of  rhodium  does  not  give  off  any  yapour  of  tetroxide  when  heated  to  the  melting  point 
of  zinc,  but  takes  fire  at  higher  temperaturea    (Deville  and  Debray.) 

OSBOUIIK,  CWMMWLXDMB  OF.  Osmium  forms  three  chlorides  havins  the 
formula  OsCP,  OsCl*,  and  ObCI*.  A  hexchloride  OsCl*  is  also  said  by  Berzehus  to 
exist  in  certain  double  salts ;  but  its  existence  is  not  well  established.  There  is  no 
chloride  corresponding  to  the  tetroxide. 

lUoUorlde  of  Osmlvm  or  Osmiovs  CbloiiAe.  OsCl*. — When  pulverised 
osmium  is  heated  in  perfectly  dry  chlorine  gas  firee  from  air,  there  is  formed,  ^t  a  blue- 
black  sublimate  of  osmious  chloride,  then  a  red  sublimate  of  osmie  chloride,  OsCl^  (The 
green  chloride  mentioned  by  Berzelius  is  formed  only  when  moisture  is  not  oom- 
pLetd^  exduded.)  The  osmious  chloride,  which  is  produced  in  relatively  small 
quantity,  and  is  difficult  to  obtain  pure,  dissolves  in  water  with  dark  violet-blue 
colour.  A  similar  solution  may  be  obtained  by  dissolving  osmious  hydrate  in  hydro- 
chloric add,  or  by  the  action  of  reducing  agents  (such  as  zmc,  tannic  acid,  ferrocyanide 
of  potasdum,  or  alcohol)  on  a  solution  of  the  tri-  or  tetra^chloride ;  but  it  is  yenr 
unstable,  oxidising  as  quickly  as  ferrous  chloride,  and  chansing  in  colour  to  dark  red, 
and  ultimately  to  yellow.  Tne  addition  of  chlorida  of  potassium  renders  it  more  stable^ 
by  forming  a  double  salt    (CI  a  us.) 

TrIelilQrido  or  OflnlosoHMalo  CUoHde.  OsCl*. — ^This  compound,  whidi  is 
also  very  unstable  and  cannot  be  obtained  in  the  free  state,  is  contained  in  the  solution 
produced  by  dissolving  the  mixture  <tf  the  di-  and  tri-chlorides  resulting  fitom  the 
action  of  chlorine  on  piUverised  osmium,  in  water.  The  solution  has  at  first  a  chrome- 
green  or  blue-green  colour,  but  soon  becomes  purple-violet,  from  formation  of  tri- 
chloride, and  finally  colourless,  in  consequence  of  the  resolution  of  this  compound  into 
osmic  tetroxide,  hydrochloric  add,  and  a  mixture  of  osmious  and  osmio  oxides  whidi  is 
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thrown  down  in  the  form  of  a  black  powder.  The  trichloride  is  sometimes  also  fonned 
bj  treating  a  solution  of  the  jellow  tetrachloride  with  a  large  quantity  of  hydrochloric 
add,  or  by  the  action  of  sulphydrie  acid  on  a  solntaon  of  osmic  tetroxide  containing  a 
laige  quantity  of  hydrochloric  acid. 

Potauuhc»mio9<M>8mie  chloride  or  Cfhhro$mite  of  Potassium,  K'OsCl'  or  3EC1.08C1', 
is  produced,  together  with  potassio-osmic  chloride,  when  a  mixture  of  pulverised  osmium 
and  chloride  of  potassium  is  strongly  ignited  in  chlorine  gas.  On  dissoiying  the  ignited 
mass  in  water,  and  eyaporating,  the  osmic  salt  crystallises  out  firsts  and  afterwards 
the  osmioso-osmic  salt  in  small  quantity.  The  latter  is  more  easily  obtained  by  the 
action  of  hydrochloric  acid  and  chloride  of  potassium  on  osmiamate  of  potassium 
(p.  239) :  a  concentrated  aqueous  solution  of  osmic  tetroxide  is  mixed  with  caustic 
potash  and  ammonia,  then  saturated  with  dilute  hydrochloric  before  it  turns  yellow 
and  deposits  osmiamate  of  potassium  and  quickly  eyaporated  to  dryness  over  the 
water-bath ;  and  the  residue  is  freed  from  sal-ammoniac  and  chloride  of  potassium  by 
careful  washing  with  ice-cold  water. 

The  double  chloride  is  thus  obtained  in  dark  red  or  red-brown  crystals,  SECLOsCl*. 
3HH),  which  give  off  half  their  water  by  effloresence  in  tiie  air,  becoming  rose-red  at 
the  same  time^  and  the  whole  between  150^  and  180^.  It  dissolves  easily,  with  deep 
eherry-red  colour  in  water  and  in  alcohol,  but  is  insoluble  in  ether;  has  a  nauseous 
■tron^y  astringent  taste,  and  decomposes,  especially  when  heated,  turning  brown,  and 
yiddmg  a  black  oxychloride.  The  aqueous  solution  gives  with  potash,  ammonia^  or 
carbonate  of  potassium,  a  brownish-red  precipitate  of  hydrated  osmioso-osmic  oxide, 
which  dissolyes  in  ammonia,  but  only  partially  in  potash  (and  is  precipated  therefrom 
at  the  boiling  heat.  The  same  solution  eiyes  with  nitrate  of  silver  a  duty  grey-brown 
precipitate  soluble  in  ammonia.  Heated  with  tannic  acid,  or  alcohol  (wiu  addition 
of  hydrochloric  acid)  it  is  reduced  to  the  blue  didiloride.  "With  sulphydrie  acid  and 
sulphide  of  ammonium,  it  yields  brown-black  sulphide  of  osmium,  insoluble  in  sulphide 
of  ammonium.    (Glaus.) 

AMmomo'Osm$oso-^>smie  Chloride,  3NHK!1.08C1'.8H'0,  resembles  the  potassium- 
salt. 

TMratihlorlde  of  Osmium  or  Osmlo  COUoiide.  OsCll — This  is  the  red  com- 
pound which  constitutes  the  principal  part  of  the  product  obtained  by  igniting  osmium 
m  chlorine  gas.  It  dissolves  with  yellow  colour  in  water  and  alcohol,  and  is  decomposed 
quickly  in  dilute  solution,  more  slowly  in  presence  of  hydrochloric  add  or  metallic 
chlorides,  yielding  a  black  precipitate  of  osmic  oxide  and  a  solution  of  osmic  tetroxide 
and  hydrochloric  add. 

Osmic  chloride  unites  with  the  chlorides  of  the  alkali-metals  forming  salts  sometimes 
called  chlorosmates.  From  the  solutions  of  these  salts,  sulphfdric  acid  and  sulphide 
of  ammonium  slowly  predpitate  a  yellow-brown  sulphide  insoluble  in  alkaline  sulphides. 
ifitrate  of  silver  forms  an  olive-green;  stannous  cMoride  a  brown  predpitate.  Tannic 
acid  on  heating  produces  a  blue  colour,  but  no  predpitate ;  ferrocyanide  of  potassium, 
first  a  green,  then  a  blue  colour ;  iodide  of  poUissium^  a  deep  purple-red  ooloiir.   Potash 

S'res  a  black,  ammMda  a  brown  predpitate,  slowly  in  the  cold,  immediately  on  boiling, 
etallic  einc  and  formate  of  sodium  throw  down  metallic  osmium.     (Berzelius.) 

Amgnmdo-osmio  Chloride  or  Chlorosjnate  of  Ammonium,  2NHK^.0sCl^  is  formed 
on  mixing  a  solution  of  the  sodium-salt  with  sal-ammoniac,  as  a  red-brown  precipitate, 
and  separatee  from  the  mother-liquor  in  black-brown  octahedrons.  It  is  even  more 
dsoompoeible  than  the  potassium-salt,  and  leaves  when  ignited  a  residue  of  spongy 
ownfum.    (Glaus.) 

Aryento-osmic  Chloride.  2AgGL0sGl^— Obtained  as  a  dirty  green  precipitate  on 
adding  ammonia  to  the  solution  of  the  sodium-salt  (Glaus).  In  contact  with  ammonia 
it  is  converted  into  a  minium-red  very  unstable  compound,  Ag'08Cl*.2NH',  soluble 
withyeUow  colour  in  a  large  quantity  of  water  (Eichler,  Jahresb.  1860,  p.  216,  Glaus). 
The  same  compound  is  formed  on  adding  nitrate  or  ammonio-chloride  of  sflver  to  a 
solution  of  potassio-osmic  chloride  containing  ammonia.    (Eichler.) 

Poiassio-^fsmie  Chloride.  K«OsGl«  or  2Ka.0sGl*,  is  obtained  by  gently  igniting 
a  mixture  of  chloride  of  potasdum  and  metalUc  osmium  in  a  stream  of  ^lorine 
(Berselius),  or  by  predpitating  a  solution  of  the  sodium-salt  with  chloride  of  potas- 
sium (Glaus).  It  forms  brown  or  minium-red  octahedrons,  sparingly  soluble  in  water, 
insolnDle  in  alcohol  Paper  moistened  with  the  aqueous  solution  acquires  a  blue  colour 
not  removable  hr  washing  (Berzelius).  The  aqueous  solution  becomes  areenish 
■Iter  a  whiles  and  black  on  boiUng,  the  osmic  chloride  being  decomposed  in  the  man- 
ner above  mentioned.  Potash  decolorises  the  solution,  and  on  boiling  throws  down  a 
bbne-black  precipitate  of  osmic-hydrate.  Dilute  ammonia  throws  down  a  yellowish- 
white  predintate  which  changes  after  a  while  into  a  brown  ammoniacal  compound, 
lITWOsO*.    (Glaus.) 

£iehler  (Jahresb.  1860,  p.  214),  by  dissolving  hypo-osmite  of  potassium,  K*0.30s0* 
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(obtained  by  exposing  an  alcoholic  solution  of  the  osmite,  K*O.Os'0*  (p.  247),  to  sun- 
shine), in  cold  hydro<mloric  acid,  obtained  a  dark  violet  solution  of  potassio-osmic  chlo- 
ride, which  was  more  readily  deoomposible  than  the  greenish-yeUow  solution  of  the 
octahedral  double  salt  above  described,  inasmuch  as  it  gave  with  potash  an  immediate 
black  precipitate  of  osmic  oxide,  a  similar  precipitate  with  a  small  quantity  of  ammonia, 
also  with  phosphate  of  sodium.  By  exposure  to  the  air  it  was  gradually  converted  into 
the  veUow  solution  of  the  octahedral  salt.  [  ?  Did  not  this  violet  solution  contain 
osmious  as  well  as  osmic  chloride.] 

8odio-osmic  chloride^  2NaC1.0sCl\  prepared  by  heating  a  mixture  of  sulphide  of 
csmium  and  chloride  of  sodium  in  a  current  of  moist  chlorine,  crystallises  in  orange- 
coloured  rhombic  prisms  an  inch  long,  easily  soluble  in  water  and  in  alcohol    (Glaus.) 

Hezdiloiide  of  Osmiiun.  OsCl'  ? — Not  known  in  the  free  stat«,  but  said  by 
Berzeliustobe  obtained,  in  combination  with  chloride  of  ammonium,  when  a  sol- 
ution of  osmic  tetzoxide  mixed  with  ammonia  ia  treated  with  hydrochloric  acid,  mer- 
cury being  also  placed  in  contact  with  it  After  a  few  days  the  liquid  loses  the  odour 
of  osmic  tetroxide,  and  leaves  the  double  chloride  on  evaporation  in  brown  dendritic 
crystals* 

OSBnmCf  JMBWUCTZOXr  AXJ^  BSTZXAiTZOV  OVa  All  osmium-com- 
pounds, when  boiled  with  an  excess  of  nitric  acid,  give  off  the  unpleasant  pungent 
odour  of  osmic  tetroxide.  By  ignition  in  hydrogen  gas,  they  are  reduced  to  metallic 
osmium,  which  as  well  as  the  lower  oxides,  emits  the  same  odour  when  heated  in  contact 
with  the  air.  Those  which  contain  iridium,  however,  offer  greater  resistance  to  the 
action  of  oxygen  or  oxidising  agents  than  those  which  are  free  from  that  metal.  Such 
compounds  should  first  be  induced  b^  hydrogen  to  the  state  of  an  alloy  of  osmium  and 
iridium,  in  which  state  small  quantities  of  osmium  are  more  easily  detected  by  oxi- 
dation. 

For  the  leaetions  of  osmium  salts  in  solution,  see  pp.  248,  246. 

QuantUaHve  EtHmoHon  and  Separation,  Osmium  is  generally  estimated  in  the 
metallic  state.  The  beet  mode  of  separating  it  from  the  metals  with  which  it  is  usually 
accompanied,  is  to  Tolatiliae  it  in  the  form  of  osmic  tetroxide — ^by  distillation  with 
nitromuiiatic  add,  if  the  compound  be  perfectly  soluble  therein,  or  by  roasting  in  a 
stream  of  oxygen — ^receiving  the  vapours  of  osmic  acid  in  a  strong  solution  of  potash ; 
and  to  reduce  the  resulting  salt^  by  the  addition  of  a  few  drops  of  alcohol,  to  osmite  of 
potassium,  which  is  insoluble  in  the  alcoholic  liquor.  The  osmite  of  potassium  is  then 
digested  in  a  cold  solution  of  sal-ammoniac,  whereby  the  compound  2NH^Cl.K'H*OsO' 
is  produced,  and  the  osmium  reduced  to  the  metallic  state  by  igniting  this  last-men- 
tioned compound  in  a  current  of  hydrogen  gas.     (Fr6my.) 

Another  mode  of  proceeding  is  to  condense  the  acid  vapours  evolved  by  distilling  a 
compound  of  osmium  with  nitro-muriatic  acid  in  a  well-cooled  receiver,  and  prec^itate 
the  osmium  from  the  solution  by  metallic  mercury.  A  precipitate  is  thereby  obtained 
consisting  of  calomel,  a  pulverulent  amalgam  of  osmium,  and  metallic  mercury  con- 
taining a  very  small  quantity  of  osmium.  This  mixture  is  heated  in  a  glass  bulb 
through  which  a  stream  of  hydrogen  is  passed,  whereupon  the  mercury  and  its  chloride 
volatilise,  and  metallic  osmium  is  left  in  the  form  of  a  black  powder.  The  liquid,  how- 
ever, still  retains  a  small  quantity  of  osmium,  which  may  be  isolated  by  saturating 
with  ammonia,  evaporating  to  dryness,  and  calcining  the  residue  (Ber  zelius).  The 
osmium  may  also  be  precipitated  from  the  distilled  liquid  by  sulphydric  acid,  the  sol- 
ution, ^ter  complete  saturation,  being  left  for  several  days  in  a  stoppered  bottle,  till 
the  sulphide  of  osmium  is  completely  deposited.  The  sulphide  is  then  washed,  dried, 
and  weighed ;  but  as  it  is  apt  to  retain  moisture,  and,  moreover,  oxidises  to  a  certain 
extent  in  the  air,  the  method  is  not  very  exact.  It  is  recommended,  however,  for  the 
estimation  of  small  quantities  of  osmium,  the  method  of  precipitation  by  mercury  being 
better  adapted  for  larger  quantities. 

The  most  difficult  of  all  compounds  of  osmium  to  decompose  is  the  native  alloy  of 
osmium  and  iridium,  especially  the  pale  variety.  The  difficulty  arises  in  a  great  mea- 
sure from  the  extreme  hardness  of  the  mineral.  The  best  method  of  disintegrating  it 
is  that  civen  by  Deville  and  Deb  ray,  which  consists  in  igniting  it  with  six  times 
its  weight  of  pure  zinc,  till  the  latter  is  completely  volatilised.  The  osmiridium  is 
then  left  behind  as  a  spongy  mass,  easily  reduced  to  very  fine  powder.  The  decom- 
position may  then  be  effected  by  igniting  the  pulverised  mineral  mixed  with  chloride 
of  sodium  in  a  stream  of  duorine  (Wohler);  or  by  ignition  with  nitrate  and 
hydrate  of  potassium  (Claus) ;  or  with  chlorate  and  hydrate  of  potassium  (Fritzsche 
and  Struve,  J.  pr.  Chem.  xxxvii.  483);  or  with  peroxide  and  nitrate  of  bariuni 
(D  eville  and  Debray).     See  Iridium  (iii.  814)  and  OsiORronTM  (iv.  241). 

Atomic  weight  of  0»mium. — ^Berzelius  determined  the  atomic  weight  of  this  metal  by 
heating  potassio-osmic  chloride,  2KC1.0sCl\  in  a  current  of  hydrogen,  1*3165  gnn.  of 
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tbe  saltlenTing  0*401  grm.  KCl  and  0*535  grm.  osmiiim;  hence,  if  KCl  «  174*5,  we 
findOs  »   198-8. 

Different  namben  are  however  obtained  by  comparing  the  original  weight  of  the  salt 
with  that  of  the  chloride  of  potassium  left>  or  with  the  quantity  of  chlorine  given  off 
(0*3805  grm.),  the  result  being  in  the  former  case,  Os  «>  198*4 ;  in  the  latter,  Os  » 
20O-3X 

Frimy  (Ann.  Ch.  Phys.  [3]  xii  361),  from  experiments  with  osmic  tetiozide,  the 
details  of  which  have  not  been  published,  estimates  the  atomic  weight  of  osmium  at 
199-6. 

The  number  199  may  therefore  be  regarded  as  very  near  the  truth. 

OSmuiKv  OZXOB8  OV.  Five  oxides  of  osmium  are  known,  namely  OsO, 
OaHy,  OsO*  OsO*.  0B0^— The  first  three  form  salts  with  acids ;  the  third  apnears  also 
to  act  as  a  weak  acid  forming  a  potassium-salt ;  the  fourth  is  also  a  weak  acid  forming 
with  bases  a  few  salts  called  os  mites.  The  tetroxide,  OsO^  is  usually  regarded  as 
an  add  and  odled  osmic  acid ;  but  its  solutions  in  alkalis  are  veiy  unstable  and  do  not 
yield  definite  salts :  hence  it  cannot  be  regarded  as  a  true  add  oxide. 

Pratoztdey  or  Osmlons  Ozlde.  OsO. — Obtained  in  the  anhydrous  state  by  ignit- 
ing osmious  or  potassio-oemious  sulphite  in  a  stream  of  carbonic  anhydride.  A  blue- 
black  hydrate,  probably  OsHH)^  is  produced  by  heating  osmious  sulphite  with  strong 
potash  solution,  in  a  closed  vessel.  When  recently  prepared  it  forms  with  hydrochloric 
add  a  blue  solution  which  however  quickly  becomes  violet,  dark-red,  and  finally  vellow, 
oxidising  in  fiuit  as  quickly  as  a  solution  of  a  ferrous  salt  (Glaus).  Berzelius  by 
precipitating  potassio-osmious  chloride  with  potash,  obtained  a  greenish-black  hydrate 
which  dissolved  slowly  in  acids,  forming  green  solutions. 

Osmious  sulphite^  OsSO",  is  obtained  by  mixing  an  aqueous  solution  of  the  tetroxide 
with  sulphurous  add.  The  liquid  then  turns  yellow,  red  and  finally  deep  indigo-bluc, 
and  when  evaporated  or  heated  with  sulphate  or  carbonate  of  sodium,  deposits  the 
salt  as  a  blue  jelly,  which  easily  oxidises  while  moist,  but  forms,  when  diy,  a  very  stable 
powder  of  a  dull  black-bine  colour.  The  salt  is  insoluble  in  water,  but  dissolves  in 
hydrochloric  add  with  indigo-blue  colour,  and  viithout  evolution  of  sulphurous  anhy- 
dride. It  is  decomposed  by  potash  at  the  boiling  heat,  and  is  resolved  by  heat  into 
sulphide  of  osmium,  osmic  tetroxide  and  sulphurous  add,  the  two  latter  of  which  how- 
ever easily  reproduce  the  original  salt.    (Claus.)         ^ 


Potassio-osmious  Sulphite,  3K«SO».OsSO*.5H«0  or  (^^^t  \  0".6H*0.— Potassio-osmic 

chloride  heated  with  aqueous  sulphurous  add  becomes  colourless  and  deposits  this  salt 
as  a  white  pulverulent  predpitate,  which  when  dried  forms  a  lig^t  erystaUine  powder 
having  a  tinge  of  rose-colour.  It  dissolves  slightly  in  water,  and  has  a  scarcdy  per- 
ceptiUe  lustre ;  decomposes  at  180°,  assuming  a  dingy  violet  colour.  (Glaus,  Ann.  Gh. 
Pharm.  xiii.  355.) 

Aeid  OsTnious  Sulphite  with  Chloride  of  Potassium.  6KGL0sS0'.S0'.— Formed 
by  treating  tbe  last-described  salt  with  hydrochloric  add.  It  is  a  brown-red  crystalline 
anhydrous  salt,  Teiy  soluble  and  having  a  shazp  taste.  (Glaus,  Ann.  Gh.  Pharm. 
IzviL  375.) 

SeaqnlozMe  of  Oanlnnif  OsK)*,  is  obtained  by  heating  either  of  the  double 
salts  of  the  trichloride  (p.  244)  with  carbonate  of  sodium  in  a  stream  of  carbonic  anhy- 
dride. It  is  a  black  powder  insoluble  in  adds.  The  hydrate,  Os'O'.SH'O?  obtained 
by  predpitation,  has  a  dirty  brown-red  colour,  is  soluble  in  adds,  but  does  not  yield 
pure  salts. 

IMoxidey  or  Osmle  Osfde*  ObO',  is  obtained  as  a  black  insoluble  powder,  by 
heating  potassio-osmic  chloride  (p.  245)  with  carbonate  of  sodium  in  a  stream  of  carbonic 
anhydnae  (Berselius,  Glaus),  or  in  copper-red  metallic-shining  lumps,  by  heating 
the  corresponding  hjrdiate.  Osmic  hydrate,  0s0*.2H'0,  is  obtained  by  predpitating 
a  solution  of  potassio-osmic  chloride  with  potash,  at  the  boiling  heat  (Berzelius, 
Glaus),  or  in  ^;reater  purity  by  mixing  a  solution  of  potassic  osmite  (K'O.OsO*)  with 
dilute  nitric  acid  (Glaus): 

20sO«        «        OsO*     +     OsO«. 

It  is  then  pndpitated*as  a  black  somewhat  gummy  powder,  which  dries  up  to  lumps 
having  a  eonchoidal  fracture.  It  is  sparingly  soluble  in  acids,  and  when  heated,  de- 
oomposes  with  scintillation,  giving  off  osmic  tetroxide  and  hydrogen,  and  leaving  osmic 
oxiaie: 

20sH<0«        =         OsO«     +     OsO*     +     H*     +     2H«0. 
GIaus  supposes  that  there  is  also  another  osmic  hprdrate,  Os0^.6H^O,  which  is  soluble  in 
potash,  and  is  converted  by  heat  into  the  preceding  hydrate. 

The  anhydrous  oxide  and  the  hydrate  arc  both  insoluble  in  acids.    An  osmic  sulphate 
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is  said  to  be  obtained  hr  dissolTiiig  disulphide  of  osmium  in  cold  dilute  nitrie  add ; 
but  the  only  well-deflnea  osmie  salts  known  are  the  double  salts  of  osmic  ehloride  with 
the  chlorides  of  the  alkali-metsls  (p.  246). 

A  oomponnd  of  osmic  oxide  wita  potadi,  KK>.80sO*  which  may  be  called  J^/po- 
oamUs  ofpotassiumf  is  obtained,  aeoording  to  Eichler  (p.  246^  by  exposing  a  solution  of 
osmic  tetroxide  mixed  with  alcohol  and  excess  of  potash  to  airect  snnshme,  and  tzeat- 
ing  the  black  precipitate  which  separates  after  a  while  with  dilnte  nitric  add. 

TMoadde  of  OMnlnm.  Osmiaua  Anhydride.  OsO*. — ^This  oxide  is  not  known 
in  the  free  state,  but  according  to  Mallett  (Sill.  Am.  J.  [2]  xxix.  49),  when  tibe 
mass  obtained  by  fusing  platinnm-reddnes  with  8  pts.  sallpetre  is  distilled  with  strong 
solphnric  add,  a  mixture  or  compound  of  the  trioxide  with  the  tetroxide  pmmnn  over 
at  the  beginning  of  the  distillation,  and  condenses  in  yellow  drops  which  slowly  solidify 
to  a  mass  resembling  unbleached  beeswax ;  at  a  later  stage  of  the  process  the  tetroxide 
passes  oyer  pure. 

O«mt<0«.*— OsMO*  or  M*O.OsO*.— These  are  salts  obtoined  by  the  action  of  re- 
dudng  agents  on  osmic  tetroxide  in  presence  of  alkalis. 

Oamite  of  potassium,  08K0'.H'0,  is  obtained  bjb  a  rose-coloured  oystalline  powder 
on  adding  a  few  drops  of  alcohol  to  a  solution  of  the  tetroxide  in  caustic  potash  (osmate 
of  potassium)  or  in  octahedral  crystals  of  considerable  size,  by  mixing  the  same  solu- 
tion with  nitrite  of  potassium  and  leairing  it  to  evaporate  dowly.  It  may  also  be 
formed  hj  dissolying  osmic  oxide  in  the  aUuline  solution  of  the  tetroxide.  It  is  soluble 
in  water,  insoluble  in  alcohol  and  «^Aer,  permanent  in  diy  air,  but  chan^  into  osmate 
under  the  influence  of  air  and  water,  uhlorine  oonyerts  it  into  osmic  oxide  and  osmate 
of  potassium.  It  is  decomposed  by  acids,  eyen  by  the  weakest^  osmic  oxide  being  pre- 
dpitated  and  osmic  tetroxide  eyolyed.  Sulphurous  acid  introduced  into  a  solution  of 
this  salt,  preyiouslv  rendered  alkaline,  throws  down  a  yellow  crystalline  predpitate, 
containing  a  salt  whose  add  is  formed  of  osmium,  oxygen,  and  sulphur.  Chloride  of 
ammonium  decomposes  osmite  of  potasdum,  forming  a  nearly  insoluble  yellow  Bait, 
2NHK)L080^'H^.  This  compounct,  heated  in  a  stream  of  hydrogen,  giyes  off  ammftniit 
and  sal-ammoniac;  and  leayes  metallic  osmium. 

Osmite  of  sodium  is  prepared  in  the  same  maimer  as  osmite  of  potasdum,  but  does 
not  ciystaUise  so  easily ;  its  solutions  are  rose-coloured.  Osjnite  of  ammonium  does  not 
appear  to  exist ;  the  osmites  of  potasdum  and  sodium  are  rapidly  reduced  by  ammonia. 

Tetrozida  of  Oamliunt  commonly  called  Osmic  acid,  OsO^ — ^This  is  the  volatile 
strong-smelling  compound  ^nodueed  when  osmium  or  dijier  of  its  brown  oxides  is 
heated  in  the  air  or  treated  with  nitric  or  nitro-muiiatie  add.  The  best  mode  of  obtaining 
it  pure,  according  to  Claus,  is  to  recti^  the  distillate  obtained  by  treating  finely 
divided  osmiridium  with  nitro-muriatic  add,  using  good  means  of  condensation,  satur- 
ate the  first  third  of  the  new  distillate  with  potash,  and  distil  a  third  time.  Pure 
tetroxide  of  osmium  then  collects  in  the  recdver,  partly  in  concentrated  solutaon,  partly 
in  large  beautiful  crystals.  Its  vapour  has  an  intolerably  pungent  odour,  attaexs  the 
eyes  strongly  and  painfully,  and  is  excesdvely  poisonous.  As  an  antidote  to  its  poiBon- 
ous  action  Claus  recommends  the  inhalation  of  sulphydric  add  gas.  Its  taste  is  acrid 
and  bumine,  but  not  acid.  It  softens  like  wax  by  the  heat  of  the  hand,  melts  to  a 
colourless  liquid  condderably  below  100^,  and  boils  at  a  temperature  a  little  above  its 
melting  point  It  is  dissolved  slowly  but  in  considerable  quantity  by  water;  the  solu- 
tion h^  no  add  reaction.  It  is  dissolved  also  in  alcohol  and  ether,  but  the  solutions  are 
apt  to  decompose  spontaneously,  depositing  metallic  osmium.  It  is  a  poweriU  oxidising 
agent,  decolorising  indigo-solution,  separating  iodine  from  iodide  of  potassium,  convert* 
ing  alcohol  into  Sdehyde  and  acetic  acid,  and  the  carbohydrates  into  oxalic  and 
carbonic  adds.    Ammonia  decomposes  it  in  the  manner  shown  by  the  equation  : 

SOsO*     +     4NH»       »      30sO«     +     N*     +     6H»0. 

If  the  ammonia  is  in  excess,  it  forms  a  base  with  the  osmie  oxide  thus  produced : 

SOsO*     +     10NH»      -      8N«H«OsO«     +     N«     +     6HK). 

If  potash  is  likewise  present,  osmiamate  of  potassium  is  formed : 

60sO*     +     8NH«     +     6KH0       «       8B?NK)s«0*     4.     N»     +     16H»0. 

Osmic  tetroxide  dissolves  in  alkalis,  forming  yellow  or  red  solutions,  whidi  are  in- 
odorous in  the  cold,  but  when  evaporated  by  heat,  give  off  the  tetroxide  and  leave  solid 
reddues,  regarded  by  Berzelius,  who  however  did  not  analyse  them,  as  os mates  (t.  c 
compounds  of  the  tetroxide  with  alkaline  oxides).    But,  according  to  Claus,  a  solution  of 

*  Claui  deflgnatas  th«M  lalti  m  oimoiee^  becMue  the  mIU  10  called  by  Baradfrn  do  not  appear  to 
rxist  in  deflolte  form,  the  lolutloiii  of  tetroxide  of  otmiuin  in  alkalii  betnf  always  decompoiedby  erap^ 
oration.  But  it  li  scarcely  worth  while  to  alter  the  ordinary  nomenclature,  especially  as  the  osmatas 
(salts  of  the  tetroxide)  may  be  nippoied  to  exist  in  solotioo. 
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Che  tetroiide  in  stioiig  caturtie  potaah,  giyes  ofif  when  heated  the  greater  part  of  the 
tetiozidc^  while  the  remainder  ib  reeolved  into  free  oxygen  and  osmite  of  potassium, 
OsKO*  or  K'O.OsO*.  A  moderately  strong  aqueous  solution  of  osmic  tetroxide  poured 
upon  solid  hydrate  of  potassium,  becomes  heated  and  forms,  without  evolution  of  oxygen, 
a  blood-red  solution  containing  nothing  but  osmite  of  potassium.    (Clau  s.) 


18  OV*  Osmium  bums  in  sulphur-yapour.  Five  sul- 
phides of  osmium  are  said  to  ezist^  analogous  to  the  oxides,  the  first  four  being  produced 
by  decomposing  the  coireroDnding  chlorides  with  sulphydrieacid,  and  the  tetnumlphide 
l^  passing  solphydric  add  gas  into  a  solution  of  the  tetroxideu  It  is  a  sulphur-acid 
perfiactly  soluble  in  water,  whereas  the  others  are  sulphur-bases,  slightly  soluble  in 
water,  and  forming  deep  yeUow  solutions  (B  e  r  z  e  1  i  u  s^.  According  to  G 1  a  u s  ( Jahresb. 
1859,  p^  264),  a  pure  solution  of  osmic  tetroxide  yields  with  sulphuric  acid  a  precipitate 
containing  less  sulphur  than  the  tetrasulphide,  OsCH ;  but  the  latter  may  be  obtained 
pure  by  previously  acidulating  the  solution  of  the  tetroxide  with  hydrochloric  add, 
whidi  does  not  reduce  it. 


a.    Oamio-hcahydrio  dioxi'dinitride, 

NTH'OsO'   ■■   vi(vt[- — 'I^  substance  is  obtained  in  combination  with  1  at  water 

(N'H'ObO'  =  N'H'OsO'.HK)),  by  the  action  of  ammonia  in  excess  on  ammonio-  orpo- 
tassio-osmic  chloride,  or  more  easily  by  heatinf  an  aqueous  solution  of  the  tetroxide  with 
ammonia  (p.  246).  It  is  a  brown-bUck  tasteless  powder,  which  decomposes  with  sdn- 
tilhition  when  heated,  dissolves  in  potash,  less  easily  in  ammonia,  and  slowly  in  adds. 
The  potash-solution  when  heated  gives  off  ammonia  and  deposits  (ammoniaeal)  osmic 
hydrate.  The  add  solutions  are  red-brown,  leave  when  evaporated  unciystallisable 
basic  salts,  only  partially  soluble  in  water,  and  vield  with  potash  or  ammonia  a  pre- 
cipitate of  the  unaltered  base.  The  chloride  whicn  remains  on  evaporating  the  solution 
<of  the  base  in  hydrochloric  add,  is  a  brown-Uack  brittle  mass  only  partially  soluble  in 
water  and  probably  consisting  of  N*H*OsCl*.xHH).  (Clans,  Jahresb.  1863,  p.  303.) 
0.  Fr^my  (Ann.  Ch.  Phys.  [3]  xiL  221),  by  adding  a  cold  solution  of  potassic 
osmite  to  a  solution  of  sal-ammoniac,  obtained  a  vellow  crystalline  predpitate  contain- 
ing, according  to  his  analysis,  N^H^'OsO'Gl*,  ana  regarded  by  him  as  a  compound  of 
aa£>ammoniac  with  osnuamide,  2NH*C1,  N'H^OsO*.  Aocoxding  to  G  i  b  b  s  ana  G  e  n  t  h 
(SilL  Am.  J.  [2]  zxv.  248),  it  forms  a  double  salt  with  pLatinic  chloride,  and  when 
treated  with  various  silver-salts,  yields  corresponding  oxy-salts  which  are  orange-yellow, 
nearly  insoluble  in  cold  water,  more  soluble  in  hot  watw,  fonning  solutions  which  are 
easily  decomposed,  with  evolution  of  osmic  tetroxide.  According  to  Glaus,  Fr^my's 
compound  probably  consists  of  N*H*OsCLR'0,  inasmuch  as  it  dosely  resembles  the 
rathenium-comnound  of  analogous  composition  (see  BDTHxiatTM).  The  corresponding 
sulphate  treatea  with  baryta-water  yidds  a  very  unstable  solution  of  a  base  which 
COaua  supposes  to  contain  osmious  oxide. 

See  LiQums,  Osmosb  of  (iii.  718). 

Syn.  with  Boms-cabtilaos  (i.  619). 

A  tricaldc  phosphate,  Ga*P^,  found  near  Hanau,  also  at  Amberg 
in  the  Eizgebirge.  A  spedmen  from  the  latter  locality  analysed  by  Gorup-Besanes 
(Ann.  dLrhana,  Ixxxix.  221)  gave  42*00  per  cent,  phosphoric  anhydride^  48*16  lime^ 
4*97  silica,  1*56  ferric  oxide,  0*75  magnesia,  0*04  potash,  0*02  soda,  2*21  carbonic 
anhydride,  and  1*31  water  (  »  101*02).  It  is  probably  an  apatite  which  has  lost  its 
fluorine  and  chlorine.  It  has  a  compact  texture,  like  lithographic  stone,  or  dse  is 
earthy  and  adheres  to  the  tongue.  Spedfic  gravity  —  2*89.  (Bromeis,  Ann.  Ch« 
Ffaarm.  Ixxix.  1.) 

A  greyish-brown  zircon  firom  Brevig  in  Norway. 

A  name  of  earthy  limestone. 

(contraction  of  Ox-ethvl),       The  name  given  by  Williamson  to  the 

add  radide  CHK),  commonly  ca^ed  acetyl.    (See  Nomknclatubb,  p.  132.) 

OTOBAfJPAT.  Obtained  firom  the  fruit  of  Myristiea  otoba.  It  is  nearly  colour- 
leas,  buttery,  smells  like  nutmeffs  when  firesb,  disaffreeably  in  the  melted  state.  Helts 
at  35®.  Contains  myristin,  olein,  and  otobite.  (Uricoechea,  Ann.  Ch.  Fharm.  xci. 
369.) 

{Modtto.P— When  otoba^fi^t  is  saponified  and  the  soap  is  treated  with  alcoholic  acetate 
of  maffnesum,  a  predpitate  is  formed  containing  otobite  and  myristic  add;  and  on 
diaaohing  out  the  latter  with  alcohol,  the  otobite  remains  atnd  may  be  purified  by  re- 
crystallisation  from  hot  alcohol  or  ether.  It  forms  large  colourless  prisms  having  a 
glassy  lustre,  tasteless  and  inodorous,  mdting  at  133^,  and  solidifying  in  the  crystalline, 
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or  if  more  stxongly  heated,  in  the  amorphous  state.    It  is  not  volatile,  but  creeps  up 
the  sides  of  the  tnbe  when  heated.     Contains  on  the  average  73*02  C,  6'40  H,  and  20*58 . 
O,  agreeing  nearly  with  the  formnla  Cr"H?H)*.    (Uricoechea.) 

OTTXSKira.  A  silicate  of  micaceous  stracture  occurring  at  Ottrez,  near  Stavelot, 
on  the  borders  of  Belgium  and  Lnzembooig,  in  small  shining  scales  or  plates  dissem- 
inated throueh  the  gangue.  Specific  gravity  «>  4*4.  Scratches  glass  with  difficulty, 
has  a  blackish,  greenish-grey  or  black  colour,  and  pale  green  streak  Before  the  blow- 
pipe it  fiises  wiw  difficulty  to  a  black  magnetic  globule,  and  gives  with  fluxes  the  re- 
actions of  iron  and  manganese.  Contains  48*34  per  cent,  silica^  24*63  alumina,  16*72 
ferrous  oxide,  8*18  manganous  oxide,  and  5*66  water  (  —  98*68)  agreeing  approxi- 
mately with  the  formula  3(Fe;  Mn)''SiO«.Ai*Si«0'«. 

Phyllite  (q.  v.)  from  Sterling,  Massachussetts,  is  regarded  by  Dana  as  identical  with 
ottrelite,  but  the  analyses  of  the  two  minerals  differ  considerably. 

onVAXO VXTB.  lime-chrome  garnet  from  Bisserak  in  the  Ural.  (See  Gabkxt, 
ii.  772.) 

OIVA&JL  or  Opochala,  A  leguminous  plant  growing  on  the  Gaboon  and  near  Fer- 
nando Po,  the  seeds  of  which  yield  a  fiftt  oiL  (Arnaudon,  J.  Fhazm.  [3]  xxxvii. 
404.) 

oymanTMm    ThuringLte  from  the  Potomac    (See  THUBmami.) 

((C"H»)" 
OXASnrxZBZBB.     C'<H>«NK)«    -    N<j  (C^O*)".— A  substance   obtained  by 

(.       H* 

heating  oxalate  of  benzidine,  C»«H»«N^.C«IPO*  -  2H«0  -  C"H><WK)«.  It  is  pul- 
verulent, quite  insoluble  in  water,  alcohol,  ether,  dilute  adds,  and  alkalis,  and  is  re- 
solved by  strong  potash  into  oxaHe  acid  and  benzidine.  (Borodin e,  Zeitschr.  Ch. 
Pharm.  1860,  p.  533.) 

OXAOAXiCXTB.    Native  oxalate  of  calcium  (p.  255). 

OMJLCVnc  ACXDm    Syn.  with  Gltoollic  Acid. 

OXAZuUCBTZC  AGIO.  A  name  applied  by  Dumas  and  Firia  (Ann.'Ch..Phya. 
[3]  V.  353)  to  tartaric  acid,  from  a  peculiar  view  which  they  held  of  its  constitution. 

Syn.  with  Oxalubamidb  {q.  v.), 

C«H*N*0».    (Limpricht,  Ann.  Ch.  Pharm.  cxi.  133.)—A  body 
produced  by  the  action  of  nascent  hydrogen  on  parabanic  add: 

2C«H»N«0«     +     H»        =        CIL^^OKWO; 
FArabanic  acid.  Oxalantin. 

it  is  related  to  parabanic  add  in  the  same  manner  as  alloxantin  C*H^^O',  to  alloxan 
C*H«N*0*. 

It  is  obtained  in  the  form  of  a  zinc-compound  by  the  action  of  zinc  and  hydrochloric 
add  on  parabanic  add ;  on  treating  the  crystalline  powder  thus  produced  witJi  sul- 
phydric  acid,  and  evaporating  the  filtrate,  oxalantin  is  obtained  in  hard  white  crusts, 
having  when  dried  at  100^,  the  composition  C*H^N^O*.HK).  It  is  sparingly  soluble  in 
water,  nearly  insoluble  in  alcohol  and  ether;  the  aqueous  solution  has  a  sught  acid  re- 
action. It  IS  not  oxidised  by  nitric  add  or  peroxide  of  lead  at  the  boiling  heat,  but 
when  its  aqueous  solution  is  heated  with  mercuric  oxide  or  silver-nitrate  and  ammonia 
is  added,  reduction  takes  place  immediatelv.  Oxalantin  dissolves  easily  in  alkalis  and 
alkaline  carbonates,  with  effervescence  in  the  latter  case.  The  solutions  when  evapo- 
rated appear  to  contain  oxaluric  add. 


c  Acn>. 


C»H«0*  «  ^^J^^'JO'.  Oxalsaure,  Kleesaure.  SaucrkleesSure. 


aqueous  distillate,  by  heating  salt  of  sorreL  Scheele  first  prepared  it  from  salt  of 
sorrel  by  means  of  basic  acetate  of  lead,  and  showed  that  the  add  thus  obtained  was 
identical  with  the  acid  oftugar  previously  prepared  from  sugar  and  nitric  add,  and 
investigated  by  Bergman.  Its  composition  was  established  by  Dulong,  Dober- 
einer,  and  Berzelius.  (For  the  literature  relating  to  it,  see  Chndin's  Handbook^ 
ix.  111.) 

Occurrence. — Oxalic  add  occurs  very  frequently  in  living  plants ;  as  a  potassium-salt 
in  various  species  of  i^u/TM'jr  and  Oxalis;  as  a  sodium-salt  in  most  spedce  of  Salsoia 
and  Salioamia,  plants  growing  in  salt-marshes ;  as  a  caldum-salt  in  a  great  number  of 
plants,  in  the  root,  bark,  leaves^  &c.,  being  often  found  in  the  cells  in  the  form  of 
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■mall  aystals,  the  so-called  rapMdes,  Many  lichens  are  yeiy  rich  in  oxalate  of  cal- 
cinm^  Ferrous  oxalate  occurs  m  deposits  of  lignite.  The  free  acid  (hydric  oxalate)  is 
found  in  Boletus  iffniarius,  and,  according  to  some  statements,  in  the  jniceof  the  chick- 
pea. Oxalate  of  (saldum  is  also  of  freqnent  occnrrence  in  the  animal  body,  being  found 
in  urine,  urinary  deposits,  and  calculi ;  in  the  allantoic  liquid  of  the  cow ;  in  the  mucus 
of  the  gall-bladder  of  men,  oxen,  dogs,  rabbits,  and  pikes ;  and  in  the  Malpighian  yes- 
sels  of  the  caterpillar  of  Sphinx  Canvolvuli, 

Formatum. — 1.  Oxalic  add  is  a  yery  frequent  product  of  the  oxidation  of  other  or- 
ganic compounds,  being  in  fiict  the  most  highly  oxidised  of  all  carbon-compounds 
except  carbonic  anhydride.  Some  compounds,  namely  alcohol  C*H'0,  glycol  C'H'O*, 
and  glycollic  add  CH^O',  are  conyerted  into  oxalic  add  by  a  oomparatiyely  simple 
process  of  oxidation;  but  in  most  cases  the  reaction  is  more  complex,  resulting  in  a 
complete  breaking  up  of  the  molecule.  In  this  manner  oxalic  add  is  produced  in 
ffreat  abundance  from  the  more  highly  carbonised  organic  substances,  such  as  the  cat^ 
bohydratee,  sugar,  starch,  cellulose,  £c. ;  a.  by  the  action  of  nitric  add ;  /3.  by  ftision 
with  caustic  alka^.  It  is  also  produced  in  considerable  quantity  by  the  action  of 
moist  chlorine  or  chlorine- water  on  uric  add. — 2.  As  an  ammonium-salt^  together  with 
other  products,  in  the  decompodtion  of  cyanogen  by  water : 

C«N»     +     4HK)       ^      C*(NH*)«0«. 

3.  As  a  potassium-salt  by  heating  potasdc  formate  with  excess  of  potasslc  hydrate,  the 
action  bang  attended  with  eyolution  of  hydrogen : 

2CHK0«      -       C«K«0«     +     H«. 

4.  It  18  also  found  among  the  secondary  products  obtained  in  the  preparation  of  potas- 
dnm  by  heating  potassic  carbonate  wiUi  charcoal. 

Preparation, — 1.  From  Aeid  Oxalate  of  Potassium  (salt  of  sozrel)  by  predpitating  the 
solution  of  the  salt  with  acetate  of  lead,  and  decomposing  the  predpitated  oxalate  of 
lead  with  sulphuric  or  sulphydric  add.  This  is  the  oldest  mode  of  proparation,  but  it 
has  giyen  place  to  the  following  more  pioductiye  methods. 

2.  From  Suaar. — 1  pt.  of  loaf-sugar  is  heated  with  8  pts.  of  nitric  add  of  spedfie 
grayity  1*38  ultimately  to  the  boiling  point,  and  the  solution  is  eyaporated  down  to 
one-sixth ;  it  then  on  cooling  deposits  white  crystals  of  oxalic  add.  It  is  important  in 
this  process  to  use  a  suffident  quantity  of  nitric  add,  as  the  mother-liquor  then  crys- 
tallises in  the  form  of  oxalic  add,  down  to  the  last  drop ;  but  if  less  nitric  add  has 
been  added,  saccharic  add  and  other  intermediate  products  remain  in  the  mother- 
liquor,  which  then  becomes  yellow  and  brown  on  eyaporation.  The  crystals  of  oxalic 
acid  may  be  purified  from  adhering  mother-liquor  by  recxystallising  them  from  water 
containing  a  little  nitric  acid,  then  draining  them  on  a  ftmnel,  washing  with  a  little 
cold  water,  and  drying  between  bibulous  paper  at  a  medium  temperatnro.  Oxalic 
acid  prepared  with  nitric  add  is  often  contaminated  with  the  latter,  which  may  howeyer 
be  remoyed  by  allowing  the  crystals  to  effloresce  in  warm  air,  then  recrystallising  &om 
hot  water,  again  learing  them  to  effloresce,  and  recrystallising.     (Berzelius.) 

Moist  sugar,  treade,  staroh-sugitf  or  starch  may  also  be  used  instead  of  loaf-sugar  for 
the  preparation  of  oxalic  add.  The  nitrous  fumes  eyolyed  in  the  process  may  1^  util- 
ised for  the  manu&cturo  of  sulphuric  add ;  or  they  may  be  reconyerted  into  nitric  aeid 
by  the  action  of  air  and  water.  (For  a  description  of  the  manufocturo  of  oxalic  acid  on 
the  large  scale,  and  of  several  patented  processes  for  utilising  *the  nitrous  fames,  see 
Ur^s  Dictionary  of  Arts,  ^  iy.  367.  also  Richardson  and  Watties  Chemical  Techmiogyf 
Tol.  L  pt  6.) 

8.  From  Starchy  Cellulose  and  other  Organic  substances  by  fusion  with  alkaline  hydrates. 
— ^When  100  pts.  of  staroh,  sawdust,  straw,  hay,  bran,  tobacco-cuttings,  &a,  is  mixed 
with  a  solution  of  about  800  pts.  hydrate  of  potasdum,  the  liquid  eyaporated,  and  the 
raidne  heated  to  200^ — ^250^  for  four  or  fiye  nours,  a  quantity  of  oxalic  add  is  obtained 
amounting  to  between  100  and  150  pts.  of  the  crystallised  aeid.  When  soda  is  used 
instead  of  potash,  the  product  is  much  less ;  but  with  a  mixturo  of  1  pt.  hydrate  of 
sodium  to  2  pts.  hydrate  of  potasdum,  it  is  somewhat  greater  than  with  potash  alone 
(Possoz,  Compt.  rend,  xlrii.  207,  648).  A  process  founded  on  this  reaction  has  been 
patented  by  Messrs.  Roberts  Bale  and  Pritchard  of  Manchester,  who  propare 
oxalic  add  on  a  condderable  scale  by  heating  sawdust  with  a  mixture  of  potasdc  and 
Bodic  hydrates.  On  treating  the  product  with  a  small  quantity  of  water,  sodic  oxalate 
alone  remains  nndissolyed.  This  salt  is  conyerted  into  calcic  oxalate  by  treatment 
with  chloride  of  caldum ;  the  calcic  oxalate  is  decomposed  by  dilute  sulphuric  add ; 
and  the  oxalie  add  is  left  to  crystallise  from  the  filtrate  by  cooling.  {Chemeal  Ttchno- 
logPt  loc  dt) 

Properties, — Oxalic  add  crrstallises  easily  in  large  transparent  colourless  crystals, 
oontaining  2  at  water :  CH'0^2HK).    They  bdong  to  the  monodinic  system,  usually 


250  OXALIC  ACID. 

ezhibitiiig  tJie  oombination  ooP.  oF.   +  Poo .  —  Poo .  [Poo  ].    Ratio  of  axes,  a:  b:  o 

-  0-590  :  1  :  1  969.     Angle  b:c  m   73«  48' ;   ooP  :  ooP  «  116°  62';  ooP  :  +  Poo 

-  117®  2';  -  Poo  :  oP  -  129*'  20*;  -  Poo  :+  Poo  «.  127°  16';  +  Poo  : 
oP  »  103<'24';  ooP:  [Poo]  »  140^19'.  The  crjBtals are  usually prismaticallT  don- 
ated in  the  direction  of  the  orthodiagonal.  (Brooke,  Ann.  PhiL  zzii  19.— -De  la 
^roYOBtaj^e,  Ann.  Ch.  Phvs.  [3]  iy.  453. — Bammelsber^  Po|;g.  Ann.  zeiii.  24.) 

Oxalic  acid  is  yery  solnble  in  water  and  in  alookolf  dissolying  in  15*5  pts.  water  at 
10<>,  in  9-5  pts.  at  13-9®  and  in  a  very  small  quantity  at  100®  (Turner).  The  solution 
is  strongly  acid  and  yery  poisonou^  reddens  litmu^  and  decomposes  carbonates  with 
efferyescence.  OxaHc  acid  contaminated  with  nitric  add  dissolyes  in  2  pts.  of  cold 
water  (Berzelius).    (See  further  Storer^s  Dictionary  of  SoltUniitiea,  p.  419.) 

Crystallised  oxalic  acid  melts  at  about  98®  in  its  water  of  cxystaUisation ;  on  ooo- 
tinuid  heatings  part  of  it  sublimes  as  dry  oxalic  acid,  (PBH)*,  while  the  greater  part 
suffers  decomposition.  It  also  gradually  giyes  off  its  water  oyer  oil  of  yitriol  at  20^ 
being  completely  dehydrated  in  the  course  of  a  few  weeks  (Erdmann,  J.  pr.  Chem. 
Ixxxy.  2131  Aocordmgto  Bodeker  (Jahresb.  1860,  p.  17),  the  specific  grayity  of  the 
dystallisea  add  is  1*63 ;  of  the  sublimed  add  2*0.  The  add  dried  at  100®  sublimes 
at  165^  in  slender  white  needles,  ^art  of  it  howoyer  being  decomposed,  and  in  greater 
proportion  as  the  temperature  is  higher. 

Decompositions. — 1.  Oxalic  add  is  resolyed  by  heat  into  carbonic  anhydride  and 
formic  add,  part  of  tiie  latter  being  further  resolyed  into  carbonic  oxide  and  water: 

C»HK)*      «      C0«     +     CH«0« 
C?H«0*      -      C0«     +     CO     +     HH). 

The  same  decomposition  takes  place  when  the  add  is  heated  with  pUOinvm-^oongef 
pumice  or  eand.  When  oxalic  acid  is  heated  with  an  equal  weight  of  fffyeerin,  deoom* 
position  takes  plaee  at  about  100®,  carbonic  anhydride  being  eyolyed,  and  the  mddue, 
probably  a  compound  of  formic  acid  with  glycerin,  yields  formic  add  by  distillation 
with  water  (ii  686). 

2.  Oxalic  acid  heated  with  dehydrating  aubatances,  such  as  concentrated  eulpkuric 
or  phoephorie  acid,  is  resolyed  into  water  and  equal  yolumes  of  carbonic  oxide  and  car- 
bonic sahydride : 

C«BPO*      «.       H«0     +     CO     +     C0«. 

8.  An  analogous  decomposition  is  produced  by  pentachhride  of  phoephorut,  the 
products  being  carbonic  oxide^  carbonic  anhydride,  hydrochloric  add  and  o:qrGlilaride 
of  phosphorus : 

C*HK)«  +  PC1»  -  CO  +  CO*  +  2Ha  +  P0CI«. 
As  this  and  the  preoedinff  reaction,  when  applied  to  other  dibadc  acids,  yield  the  cor- 
responding anhydrides  (1.  52),  and  as  moreoyer  the  reaction  with  pentachloride  of 
phosphorus  takes  place  in  exactly  the  same  mftpner  when  the  two  bodies  are  brousht 
togetner  in  stronffly  cooled  ether  or  sulphide  of  carbon  (Kekul^),  it  appears  probable 
that  the  anhydride  of  oxalic  add,  CO',  is  unable  to  exist  under  any  conations  that  we 
are  able  to  command. 

4.  Trichloride  of  phoephorua  acts  on  the  dry  acid  in  the  same  manner  as  the 
pentachloride ;  with  crystallised  oxalic  acid,  howeyer,  it  yields  ciystallisable  phosphorous 
add  (Hurtsig  and  Oeuther,  Ann.  Ch.  Pharm.  cxi.  170): 

C*H«0*.2H«0     4.     PC1«      -      CO     +     CO*     +     3Ha     +     PH«0«. 

5.  Oxalic  add  is  not  readily  attacked  b^  nitric  acid;  it  may  indeed  be  crystallised 
from  hot  nitric  add ;  by  continued  boiling  therewith  howeyer  it  is  slowly  oxidised, 
yielding  water  and  carbonic  anhydride. 

6.  By  other  oxidising  agents,  oxalic  add  is  easily  resolyed  into  carbonic  anhydride 
and  water.  Thus  it  is  oxidised  slowly  by  the  oxygen  of  the  air  in  presence  of  platinum 
black;  quickly  hj peroxide  of  lead  or  peroxide  of  manganese  in  presence  of  an  acid :  e.  g. 

C*H»0*     +     MnO«     +     H«SO*      =      2C0«     +     2HK)     +     MnSO«. 

On  this  reaction  is  founded  a  conyenient  method  of  yaluation  of  commerdsl  oxide  of 
manganese  (iii.  814).  When  these  peroxides  act  on  aqueous  oxalic  add,  the  products 
are  carbonic  anhydride  and  a  metallic  oxalate,  e.  g. 

2C*HK)*     +     MnO       «       2C0*     +     H«0     +     C*MnO*. 
When  4  pts.  of  dried  oxalic  add  are  triturated  with  21  pts.  peroxide  of  lead,  the  mass 
becomes  incandescent    Oxalic  add  is  likewise  rapidly  oxidised  by  poiassic  perman- 
ganate, chromic  acid  and  vanadic  acid. 

7.  Chlorine  does  not  act  on  dry  oxalic  add ;  but  in  presence  of  water,  deeomposition 
quickly  takes  place,  thus : 

C«HK)«     +     Cl»      -      2C0*     +     2HC1. 
A  similar  reaction  is  produced  by  bromine,  hypoehlorous  acid,  and  the  chlorides  of  easily 
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rtdueiiUfnetah.  Hence  ozaHo  add  piecipitates  metallic  gold  from  awrie  chloride,  espe- 
cially on  boiling ;  also  metallic  platinum  from  pUUinie  chloride^  bat  only  under  the 
inflaence  of  direct  sunshine.  With  tnercurie  chloride,  oxalate  of  ammonium  quickly  forma 
mercurons  chloride. 

8.  Pota89iwnand9odiumh.ea.ted,  with  dry  oxalic  add,  decompose  it  with  incandescence, 
eharcoal  being  separated  and  hydrogen  evolyed. 

9.  When  oxalic  add  is  heated  with  excess  of  pota89io  or  bartftic  hydrate,  hydrogen 
is  erolved  and  a  carbonate  is  formed :  e.  g, 

CHK)*     +     2KH0       -      2KHC0*     +     H». 

10.  Na9oent  hydrogen,  evolTcd  by  the  action  of  sodium-amalgam  on  water,  or  of 
zinc  on  dilate  suphuric  add,  conyerts  oxalic  into  glyoxylic  acid:  C'H'O*  +  H' 
«  C?H«0».H«0.    (Church,  u.  922.) 

€lsaUiftefl«  Oxalic  acid  is  dibasic,  yielding  with  monatomic  metals,  neutral  salts 
containing  G^ICO*,  and  add  salts  U'kMO*.  With  potassium  and  ammonium  it  like- 
wise forms  hyper-acid  salts,  e,  g,  CRKO*.<yiS*0\  or  C«H*KO*.  With  most  diatomio 
metals  it  forms  only  one  salt ;  with  barium  and  strontium,  however,  it  forms  add  salts 
analogous  to  the  hyperadd  oxalates  of  the  alkali-metals.  It  also  forms  numerous  well- 
crystallised  double  salts.  It  is  one  of  the  strongest  adds,  decomposing  diy  chloride 
of  sodium  when  heated,  with  evolution  of  hydroiehlorie  add,  and  converting  chloride 
or  nitrate  of  sodium  in  aqueous  solution  into  add  oxalate. 

The  oxalates  of  the  alkali-metals  are  soluble  in  toaier,  the  rest  are  for  the  most  part 
insoluble  in  water,  but  soluble  in  dilute  adds. 

All  oxalates  are  decomposed  by  heat.  The  oxalates  of  the  alkali-metals,  and  also  of 
the  alkaline  earth-metals,  if  not  too  strongly  heated,  give  off  carbonic  oxide,  and 
leave  carbonates,  while  the  oxalates  of  those  metals  whose  carbonates  are  decomposed 
by  heat  (zinc  and  magnesium  for  examj^e)  give  off  carbonic  oxide  and  carbonic 
anhydride  and  leave  metallic  oxides.  The  oxalates  of  the  more  easilv  redudble 
metals  (silver,  copper,  &c.)  give  off  carbonic  anhydride  and  leave  the  metal ;  the  lead- 
salt  leaves  suboxide  of  lead,  and  gives  off  3  voL  carbonic  anhydride  to  1  voL  carbonic 
oxide: 

2C?Pb''0*     -     Pb«0  +  8C0«  +  CO. 

Oxalates  heated  with  aulphtirio  acid  give  off  carbonic  oxide  and  carbonic  anhydride, 
and  leave  a  residue  of  sulphate.  In  this  case,  as  well  as  in  the  decomposition  by  heat 
alone,  no  separation  of  carbon  takes  place,  and  consequently  the  residue  does  not 
blacken ;  this  character  distinguishes  the  oxalates  from  the  salts  of  all  other  carbon- 
adda. 

Oxalic  add  and  the  soluble  oxalates  give  with  chloride  of  calcium  a  predpitate  of 
calcic  oxalate,  insoluble  in  water  and  in  acetic  add,  but  soluble  in  hydrochloric  and 
nitric  add.  This  reaction  affords  a  very  delicate  test  for  the  presence  of  oxalic  add : 
the  insolubility  of  the  predpitated  oxalate  in  acetic  add  distinguishes  it  at  once  from 
the  phosphate. 

^edpitation  with  soluble  caldum-salts  serves  also  for  the  quantitative  estimation  of 
oxalic  acid,  the  precipitate  being  converted  at  a  low  red  heat  into  carbonate  C'Ca"0', 
100  pts.j)f  which  are  equivalent  to  128  pts.  caldc  oxalate  O'Ca'^O*,  90  pts.  diy  oxalic 
add  C*H'0^  or  126  pts.  of  the  ciystalliBed  add  C'H<0«.2H>0.  The  carbon  and 
hydrogen  in  oxalates  may  also  be  estimated  by  combustion  with  oxide  of  copper. 

The  composition  and  jnoperties  oi  the  oxalates  have  been  made  the  subject  of 
numerous  researches,  especially  by  Berzelius,  and  more  recently  by  Bammelsberg 
(Pogg.  Ann.  xdii.  24)  and  Souchay  and  Lenssen  (Ann.  Ch.  Pharm.  xcix.  31; 
c  308 ;  ciL  35  and  41 ;  ciii.  308 ;  cv.  245 ;  Jahresb.  1856,  446 ;  1857,  p.  289 ;  1858, 
p.  243). 

OxALATB  OF  Altixxkivm. — ^A  solutiou  of  slumiua  in  oxalic  add  leaves  on  eva- 
poration an  amorphous  transparent  mass,  which  has  a  sweetish  astringent  taste,  reddens 
litmus^  deliquesces  in  the  air,  and  sweUs  up  when  heated. 

Bodio-aiuminio  Oxalate,  Al«O«.2NaK).4OK)«.10H*O  or  (<-'*^')*    .  0».10H«0,  is  pro- 

Al«.Na*  ) 
dnoed  when  an  excess  of  basic  sulphate  of  aluminium  (obtained  by  predpitating  slum 
with  excess  of  sodic  carbonate)  is  boiled  for  a  long  time  with  a  solution  containing 
1  at  sodic  carbonate  to  3  at.  oxalic  add.  The  liquid  if  left  to  itself,  for  some  months  de- 
posits the  double  salt  in  rhombic  crystals,  permanent  in  the  air,  and  sparingly  soluble 
in  water  with  separation  of  alumina  or  bade  salt.  (Lenssen  and  Lowenthal, 
J.  pr.  Chem.  Ixxi^  314.) 

Oxalates  of  Ammonium.— «.  ^««^ra/ «a/<,  C^NH*W*.H*0.— This  salt  has  been 
frond  in  guano.    It  is  obtained  by  saturating  oxalic  add  with  ammonia  or  ita  carbo- 
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Bate,  and  crystallises  in  colourless  rhombic  prisms  generally  exhibiting  the  combination 
ooP  .  oP  .  oojfoo  2l*oo  .  JP.  Eatio  of  axes,  fl  :  6  :  c  «  07837  :  1  :  0-8711.  Angle 
ooP :  (X)P  »  760  10';  ooP :  ooPoo  »  128°  6';  oP  :  AP  -  148<>  6ff;  2?oo  :  oP  - 
143^  26' ;  2l*(x>  :  ^P  »  161^30'.  The  crystals  are  partly  hemihedral,  only  two  of  the 
four  faces  ^P  being  present  at  each  end.  One  of  the  faces  ^Poo  and  the  adjacent 
face  2Pao  are  nsuaUy  of  larger  dimensions  than  the  posterior  faces  at  the  same  end ; 
moreoTer  the  crystals  are  often  flattened,  two  of  the  prismatic  fitcee  ooP  then  disap* 
pearing  (De  la  Provostaye,  Ann.  Gh.  Phys.  [3]  iv.  454. — Brooke,  Ann.  PhiL 
xzii.  374).  The  crystals  effloresce  in  warm  air,  giving  off  1  at.  water.  They  dissoWe 
in  3  pts.  of  cold  water,  but  according  to  Heintz  (J.  pr.  Chem.  IxzxviL  809)  are 
much  less  soluble  in  water  containing  ammoniacal  salts,  so  that  the  salt  is  precipitated 
from  a  moderately  strong  solution  on  addition  of  chloride  or  acetate  of  ammonium. 
The  salt  is  decomposed  by  dry  distillation,  yielding  ozamide  and  other  products. 

/S.  Acid  0*atofe,l>i-^fl2a<«,  or  J?i-^a^a<^C«fl(NH*)0*.H«0.— -Produced  l^mixing  the 
solution  of  the  neutral-salt  with  oxalic  acid,  or  with  any  other  acid,  such  as  sulphuric^ 
hydrochloric,  or  nitric.  It_  crystallises  in  rhombic  prisms,  usually  exhibiting  the  com* 
bmation  ooP  :  j^ao  .  f2  .  Poo ,  with  the  terminal  mces  oP,  qdPqo  and  ooPoo .  Ratio 
of  axes,  a:b:c^  0-4633  :  1  :  0-6698.  Angle  ooP  :  ooPoo  »  114®  23' ;  Poo  :  oP  « 
160^47';  »:Pqo  :  <»P  -  166°  87' ^  oP  :  aPoo  -  90°;  oP:  oofoo  «  90°;  I>ao  : 
oD^oo  -  119°  13';  oP  :  ^00  -  129°  1';  P2  :  Pgo  «  161«>  42';  ftj :  oP  =  140°  13'. 
This  salt  has  an  acid  reaction,  and  is  less  soluble  in  water  than  the  neutral  oxalate.  It 
is  resolved  by  heat  into  oxamide  and  oxamic  add. 

Hyperacid  Oxalate,  Tetroxalate  or  Quadroxalate,  C«H(NH*)0*.C»H*0«.2H*0  ot 
C*H*(NH*)0»H*0.— Obtained  by  crystallising  a  mixture  of  equal  parts  of  the  preceding 
salt  and  oxalic  acid.  It  crystaUises  in  tridinic  prisms  isomorphous  with  the  hyper- 
acid potassiiun-sdt,  and  having  a  specific  gravity  of  1*607  (Schiff).  The  crystals 
effloresce  at  100°,  giving  off  16'4  per  cent,  s  2  at  water.  They  are  very  soluble  in 
warm  water.  • 

OxAiATB    OP   AjrmcoNT,    Sb«0«.C*0*.2HH)    or   2[C«b''^«0«».Sl)K)»].8HK)     - 

[(c«b«)« )    T 
[0*  I- 83^0. — This  salt  is  prepared  by  boiling  antimonions  chloride  or  the 
Sb»H»   J     J  ... 

oxychloride  (aJgaroth-powder)  with  oxalic  add  (P^ligot),  or  by  mixing  a  saturated 
aqueous  solution  of  oxalic  acid  with  a  solution  of  trichloride  of  antimony  in  hydrochloric 
acid  (Soucha^  and  Lenssen);  it  then  separates  in  the  course  of  24  hours  as  a 
granmar  predpitate.  It  gives  off  1  at.  water  at  100°  and  begins  to  decompose  at  220^. 
(Souchay  and  Lenssen.) 

Ammonio^ntimonic  Oxalate,  (>Sb'''(NH*)«0»«2HK).— Obtained  by  mixing  a 
solution  of  antimonious  oxide  in  acid  oxalate  of  ammonium,  first  with  a  small  quantity 
of  absolute  alcohol  (which  throws  down  add  oxalate  of  ammonium),  then,  after  filter- 
ing, with  about  three  times  its  volume  of  absolute  alcohol  (Souchay  and  Lenssen). 
It  forms  rhombic  prisms  exhibiting  the  combination  oP .  P .  2P .  ooj^oo .  Axes  a:  b  :g 
«  0-3716  :  1  :  0-6306.    (Rammelsberg.) 

Potasno-antimonio  Oxalate.  C«Sb'"K"0".6H20.— Obtained  by  dissolving  antimo- 
nious oxide  in  a  hot  concentrated  solution  of  add  oxalate  of  potassium.  The  filtrate, 
as  it  cools,  deposits  nodular  crystals  of  the  salt,  which  dissolve  without  decomposi- 
tion in  water,  but  are  decomposed  b^r  mineral  acids,  with  separation  of  oxalic  acid 
or  of  basic  oxalate  of  antimony.  Gives  off  3  at.  water  at  lOO*'  (Souchay  and 
Lenssen).  According  to  Rammelsberg,  the  salt  prepared  as  above  forms  monodinie 
crystals  containing  2C»Sb''K«0".3H«0.  Ordinary  combination  ooP  .  ooPoo  .  oP  . 
[  oePoo  ].  Ratio  of  axes,  a:  b:c:  »  1*2364  :  1  :  0*6472.  Angle  of  inclined  axes  » 
69°  36 ;  ooP  :  ooP  in  the  dinodia^nal  principal  section  *  106^  40' ;  [Poo  1 :  [Poo  1, 
in  the  same  -  134°  66';  oP :  odP  «  106°  8'  (Rammelsberg).  On  dissolvittg 
this  salt  in  water,  part  of  it  decomposes,  with  separation  of  oxide  of  antimony,  while 
the  rest  dissolves  without  alteration,  and  separates  after  awhile  in  large  crystals 
containing  20^b'*K*0".9H*0.  These  crystals  are  rhombic,  generally  exhibiting  the 
combination  ooP  .  too .  Pcc .  oof  oo .  Ratio  of  axes,  a:  b:  c  =»  0*6903  : 1  :  1*14163. 
Angle  ooP  :  ooP  =  67°  40';  too  :  Poo  (basal)  =  97°  48';  Poo  :  Poo  (basal)  « 
119°  28'.  The  mother-liquor  of  this  salt  deposits,  besides  add  and  hyperadd  oxalate 
of  potassium,  a  few  crystals  of  a  double  salt  belonging  to  the  tridinic  system.  (R  am- 
melsberg.) 

Sodio-antimonic  Oxalate.  C^SVNa'O^.CNa'OMOH'O.— Pr-epared  like  the  potaa- 
sium-salt  Forms  distinct  highly  lustrous  crystals,  which  give  off  half  their  water 
when  heated  for  some  time  to  100°.  Dissolves  without  decomposition  in  wat^r  either 
hot  or  cold,  but  is  decomposed  by  mineral  acids.  Sparingly  soluble  in  alcohol,  insoluble 
in  ether.    (Souchay  and  Lenssen.) 
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Oxalates  of  Absenic.  Potassio-arsenious  oxalate,  C*A8"T^"0".3H'''0  ?— 
Deposited  in  small  hard  glassy  ciystals  from  a  hot  solation  of  arsenious  oxide  in  aqueous 
acid  oxalate  of  potassium.     (Souchay  and  Lenssen.) 

OxALATBS  OF  Babiux.  The  neutral  salt,  C^Ba''0".2H*0,  is  precipitated  as  a 
white  powder  on  mixing  oxalic  acid  with  excess  of  baiyta-water,  or  by  precipitating 
the  neutral  potassium-salt  with  chloride  of  barium.  It  dissolves  in  2,690  pts.  of  cold, 
and  2,500  pta.  of  hot  water,  more  readily  in  solution  of  sal-ammoniac,  still  more  in  water 
containing  acetic  add,  and  most  readily  in  aqueous  oxalic  acid.  At  100^  it  gives  off 
1  at.  water,  and  is  reduced  to  C^Ba"0'.H*0,  which  is  also  the  composition  of  the  salt 
obtained  by  precipitating  a  solution  of  chloride  of  barium  with  oxalate  of  ammonia,  at 
the  boiling  heat  

An  and  oxalate,  C*H*Ba''0*.4H*0,  is  deposited  in  pointed  crystals  on  mixing 
nearly  equal  quantities  of  the  saturated  solutions  of  oxalic  acid  and  chloride  of 
barium.  The  oystals  dissolve  in  336  pts.  of  water  at  15*5^,  forming  an  acid  solu- 
tion ,-  they  are  decomposed  by  hot  water,  converted  into  the  normal  oxalate  by  saline 
solutions,  and  are  not  altered  by  alcohol  or  ether  (Clapton,  Chem.  Soc.  Qu.  J.  v. 
223).  According  to  Souchay  and  Lenssen,  they  contain  only  half  the  water  required 
by  the  formula  above  given,  half  of  this  water  going  off  at  100°,  the  rest  at  145^,  and 
oxalic  add  beginning  to  volatiHse  at  the  same  time.  The  crystals  require  392  pts.  of 
water  at  17°  to  dissolve  them,  and  are  decomposed  by  hot  water,  with  formation  of  the 
neutral  salt;  alcohol  likewise  throws  down  the  neutral  salt  from,  the  aqueous  solution 
of  the  add  salt 

OXAI.ATBS  OF  Bismuth.  C'6i*0*'.15HH). — ^The  neutral-salt  separates  as  a 
-white  crystalline  predpitate  on  mixing  nitrate  of  bismuth  with  excess  of  oxalic  add. 
Betains  2  at  water  at  100°,  but  decomposes  at  higher  temperatures  into  suboxide  of 
bisnmth  (Bi'O')  and  add  oxalate  of  bismuth.  It  is  insoluble  in  water,  soluble  in  adds, 
and  decomposes  by  prolonged  contact  with  water  into  oxalic  add  which  dissolves  and 
m  banc  oxalate  of  bismuth.    (Souchay  and  Lenssen.) 

Batie  oxalate.  The  neutral  oxalate  boiled  with  water  yields  a  salt  having  the  com- 
poddon  2(Bi'0'.C^O').3H'0  (H  ei  n  tz).  Souchay  and  Lenssen,  by  boiling  the  recently 
predpitated  normal  oxalate  with  water  till  the  liauid  no  longer  became  acid,  obtained 
a  salt  which  gave  by  analysis  72*39  per  cent  oxiae,  agreeing  with  the  formula  Bi^O*. 

CW.2HH)  or  2(C^i'TBPq»«.]£«0»).3H«0  (requiring  72-06  per  cent  BiO»)  better  than 
with  Heintz's  formula,  which  requires  73*6  per  cent  According  to  the  latter  formula 
the  salt  is  analogous  to  the  oxalate  of  antimony  above  described. 

Oxalate  of  Bismuth  and  Ammonium,  (?»Bi"'(NH*)"0»*.6C«(NH*)«OM2H«0.— 
CyystaUi&es  fiom  a  hot  saturated  solution  of  oxalate  of  bismuth  in  oxalate  of  ammonia, 
in  small  prismatic  crystals  which  give  off  the  whole  of  their  water  (13*98  per  cent.)  at 
100°.  Dissolves  readilv  in  hot  water,  forming  a  clear  solution  which  becomes  turbid 
after  a  few  seconds,  and  depodts  oxalate  of  bismuth  as  a  ciystalline  powder.  It  is  in- 
soluble in  alcohol  and  ether.     (Souchay  and  Lenssen.) 

Oxalate  of  Bismuth  and  Potassium.  C«Bi'"K»0'«.2C*K«OM2H*0.— Prepared  like 
the  preceding,  and  separates  in  small  prismatic  crystals  which  are  insoluble  in  alcohol 
and  ether,  and  are  decomposed  by  water.  The  mother^liquor  depodts  a  salt  contain* 
ing  C^i"X«0»«.4CTPOM2H*0.     (Souchay  and  Lenssen.) 

OxAi.ATBOFGADHiv]r.  CH]Jd''0*.3H*0. — The  anhydrous  salt  is  obtained  as  a  white 
amorphous  powder  by  digesting  carbonate  of  cadmium  with  oxalic  acid.  Oxalic  add 
or  oxalate  of  ammonia  added  to  chloride  of  cadmium  throws  down  the  tri-hydrated 
salt  as  a  white  predpitate  consisting  of  microscopic  tabular  crystals,  soluble  in 
13,000  pts.  of  cold  and  11,000  pts.  of  boiling  water,  a  little  more  soluble  in  water  and 
oxalic  add,  easily  soluble  in  mineral  acids,  ammonia  and  ammoniacal  salts.  Gives 
«yff  all  its  water  at  100°,  and  is  decomposed  at  340^,  leaving  a  mixture  of  cadmium- 
oxide  and  metallic  cadmium.     (Souchay  and  Lenssen.) 

OxttlaU  of  Cadm-ammonium.  C*(N''H«Cd)''0*.2H«O.— When  oxalate  of  cadmium 
is  added  to  ammonia  till  no  more  is  dissolved  on  heating  the  liquid,  the  filtrate  left 
for  some  time  in  the  cold  deposits  needle-shaped  crystals,  which  r»>idly  give  off  part 
of  their  ammonia  when  exposed  to  the  air,  and  at  100^'give  off  water  as  well  ajs 
ammonia,  acquiring  at  the  same  time  a  slight  brownish  tint,  fi^m  separation  of  cadmium 
— oxide.    (Souchay  and  Lenssen.) 

AmmonuhcadTMo  Oxalates.— a,  C*Cd"(KH«)»0».6C?(NH*)«0*.9H«0.— Separates  in 
miciofloopic  crystals  when  a  solution  of  oxalate  of  cadmium  in  oxalate  of  ammonium 
saturated  at  the  boiling  heat,  is  diluted  after  filtration  with  an  equal  volume  of  water. 
Gives  off  all  its  water  at  100^.    (Souchay  and  Lenssen.) 

A  C*Cd''(NH*)K)«.7C*(NH«)«0MlHK).— Separates  in  hard  crystalUne  crusts  from 
the  preceding  saturated  solution,  if  left  to  cool  without  addition  of  watei.  (Souchay 
and  Lenssen.) 
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y.  BammelBberg  by  dlMolying' oxide  of  cadmimniii  oxalate  of  ammoniiim,  obtained  a 
salt  to  which  he  assigned  the  formula  C«Cd''(NH*)«0«.3C«(NH*)«0*.8H^.  This  salt  is 
supposed  by  Souchay  and  Lenssen  to  contain  only  7H'0.  The  three  double-salts  then 
form  a  regular  series,  their  formulae,  if  A  stand  for  CH)d''(NH«)K>*,  and  B  for 
CWNH*)^)*,  being  A.BM1HK),  A.B».9HK), and  A.B».7H«0.  (Souchay  and  Lenssen.) 

Potawiiheadmic  Oxalate,  0^Cd''£*O*.2H0,  is  produced  by  saturating  a  boiling 
solution  of  oxalate  of  potassium  with  oxalate  of  cadmium,  and  separates  from,  the 
filtrate  in  microscopic  square-based  octahedrons,  whidi  gire  off  their  water  at  100^  and 
are  decomposed  by  water. 

aodio-cadmieOxalaU.  (X;d'^aK>*.2HH).~SimilaTtothepota8Bium-8alt.  (Souchay 
and  Lenssen.) 

OxALATB  OF  Calcivh,  C'Ga''0\ — ^This  salt  is  Teiy  widely  diffused  in  the 
Tegetable  kingdom,  being  found  in  the  juice  of  most  plants,  whence  it  is  deposited  on 
the  vascular  tissue,  towards  the  end  of  the  growing  season,  in  microscopic  crystals 
haying  the  form  of  a  square-based  octahedron  (P :  P  in  the  terminal  eoges  of  the 
primary  octahedron  46^  28' ;  in  a  more  obtuse  octahedron  modifying  the  first  »  119^ 
84').  According  to  Braeonnot  (Ann.  Ch.  Phys.  [2]  xxriii.  318),  it  often  constitutes 
about  half  the  weight  of  lichens  growing  on  calcareous  stones.  The  marble  of  the 
Parthenon  at  Athens  is  encrusted  in  some  parts  with  a  greyish,  warty,  and  somewhat 
opaline  coating  of  calcic  oxalate  about  a  line  thick,  called  Uderachite  by  Liebig, 
^ich  is  supposed  to  hare  been  deposited  by  lichens  growing  on  the  stone.  Galdc 
oxalate  has  also  been  found  by  Schmidt  (Ann.  Ch.  Pharm.  bd.  304)  in  beer-yeast 
It  is  also  of  firequent  occurrence  in  the  animal  body  (p.  260). 

Calcic  oxalate  is  precipitated  as  a  white  powder  wnenerer  a  soluble  calcium-salt  ia 
mixed  with  oxalic  acid  or  an  alkaline  oxalate,  provided  there  be  no  strong  mineral 
add  present  in  large  excess.  ^  It  is  insoluble  in  water,  acetic  add,  and  solution  of  sal- 
ammoniac,  nearly  insoluble  in  firee  oxalic  add,  and  sparingly  soluUe  in  lactic  add, 
but  it  dissolves  with  tolerable  &dlity  in  hydrochloric  or  nitric  add,  whence  it  is  pre- 
cipitated by  caustic  alkalis  or  alkaline  carbonates.  Chloride  of  magnesium  also  renders 
it  slightly  soluble  in  water.     (Turner,  Pogg.  Ann.  xix.  148.) 

Oxalate  of  calcium  is  insoluble  in  hot  concentrated  solutions  of  the  chlorides  of 
potassium,  sodium,  ammonium,  barium,  strontium  and  caldum,  but  soluble  to  a  con- 
siderable extent  in  hot  solutions  of  salts  of  the  metals  belonging  to  the  magnesian 
group,  and  is  predpitated  from  these  solutions  by  an  excess  of  alkaline  oxalate  (So  a- 
chay  and  Lenssen).  When  immersed  in  a  solution  of  cupric  salt  {e.  g.  the  sulphate, 
chloride,  or  nitrate)  it  is  gradually  converted  into  cupric  oxalate,  a  soluble  caldum-salt 
being  formed  at  the  same  time.  In  presence  of  a  large  quantity  of  diloride  of  sodium, 
caldum,  or  ammonium,  oxalate  of  caldum  dissolves  completely  in  solution  of  cupric 
chloride ;  but  if  the  solution  be  agitated  or  left  to  stand  for  some  time,  cupric  oxalate 
separates  out.  When  oxalate  of  caldum  is  boiled  with  a  soluble  salt  of  silver,  lead, 
cadmium,  zinc,  nickel,  cobalt,  strontium,  or  barium,  a  soluble  calcium-salt  is  formed, 
and  an  oxalate  of  the  other  base  is  predpitated.  (A.  Bey  noso,  Compt.  rend.xxix.  627.) 

Oxalate  of  calcium  dissolves  in  considerable  quantity  in  nure  phosphoric  add^ 
especially  with  the  aid  of  heat  Such  a  solution  when  largely  diluted  with  water,  re* 
mains  dear  if  it  contains  a  large  quantity  of  phosphoric  add ;  and  if  canstic-soda  be 
then  cautiously  added  till  the  predpitate  formed  at  first  is  redissolved,  and  the  liquid 
then  left  to  stand  <][uietly,  a  lai^  proportion  of  the  calcic  oxalate  crystallises  within 
twenty-four  hours  m  quadratic  pyramids ;  and  the  mother-liquor  if  again  treated  witli 
soda,  yields  another  crop  of  crystals.    (Neubauer,  Ann.  Ch.  Pharm.  xdx.  228.) 

Oxalate  of  caldum  dned  at  38^  contains  2  at  water  (CH)a''0^2H'0),  half  of  which 
is  given  off  at  100^,  the  rest  at  a  higher  temperature  (Thomson.  Graham).  The 
salt  dried  at  160°  is  highly  electric,  but  loses  this  property  as  it  absorbs  moisture  f^om 
the  air.    (Berzelius.) 

According  to  K  S  c hmi  d  ( Ann.Ch. Pharm.  xcvii.  225),  the  predpitate  of  caldc  oxalate 
obtained  by  mixing  neutral  solutions  of  chloride  of  caldum  and  potasdc  oxalate,  and 
left  to  dry  for  a  considerable  time  at  ordinary  temperatures  in  the  air,  or  for  a  shorter 
time  in  vacuo  over  sulphuric  add,  consists  of  CH}a"0\2HK)  (water  by  analysia,  12*8 
per  cent ;  by  calculation,  Ifi- 1 ).  The  predpitate  thus  obtained  did  not  exhibit  distinctly 
angular  terminations,  even  with  a  magnifying  power  of  300° ;  but  that  which  was  pto- 
duced  by  slowly  adding  a  solution  of  potassic  oxalate  to  solution  of  chloride  of  caleinm, 
exhibited  under  tlie  microscope,  dendrites  and  laminae  made  up  of  oblique  nrismatic 
tables,  and  appeared  to  consist  of  a  mixture  of  the  hydrates  CH)a''0\2HH)  and 
C«Ca"0*.H«0. 

According  to  Souchay  and  Lenssen,  oxalate  of  caldum,  dried  in  the  air  at  ordi- 
nary temperatures,  contains  sometimes  1  at,  sometimes  8  at  water;  and  when  dried 
at  100°,  always  1  at,  half  of  which  is  given  off  at  180°  and  the  remainder  at  a  tem- 
perature considerably  above  200°;  on  exposing  the  anhydrous  salt  to  the  air,  the  1  at 
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walet  is  quickly  realMorbed.  A  salt  with  2  at  water  does  not  appear  to  exist — Ox- 
alate of  calcinm  precipitated  at  tlie  boiling  heat  from  a  mixture  of  solutions  of  chloride 
of  cakiiun  and  oxalate  of  ammonimn,  contains  CCa"0\H^O ;  so  likewise  when  pre- 
cipitated in  the  cold  from  concentrated  solntions,  whether  neutral  or  alkaline ;  but  the 
salt  predpated  in  the  cold  from  dilute  solutions,  is  always  a  mixture  of  C%a"O^H*0 
and  <7Ca  0*.3HK). — On  adding  a  small  quantity  of  chloride  of  calcium  to  a  saturated 
solution  of  oxalic  acid,  aprecipitate  is  formed  consisting  of  microscopic  crystalline  lamine 
and  containing  C!K)a!'0*JEPO ;  and  on  adding  a  small  quantity  of  oxalic  acid  to  a  large 
excess  of  chloride  of  calciumi  a  gummy  precipitate  is  obtained  of  the  same  composition, 
and  appearing  under  the  microscope  as  an  indistinct  crystalline  mass ;  but  by  adding  a 
small  quantity  of  chloride  of  calcium  to  a  very  dilute  solution  of  oxalic  add,  there  is 
formed  after  awhile^  a  predpitate  consisting  of  square  prismatic  crystals  of  the  tri- 
hydrated  salt  together  with  oblique  prismatic  (monodinic^  crystals  of  the  monohy- 
drate,  the  former  being  in  larger  proportion  as  the  oxalic  aad  solution  is  more  dilute. 

The  square  prismatic  Cfystau  of  caldo  oxalate  occurring  in  plants  {MamiUaria  quad- 
rintnOj  Cereus  senilis,  Mdocacttts  macroacanihtts,  &c),  are,  according  to  Schmid, 
CCa^O'.SH'O  ;  they  give  off  two-thirds  of  their  water,  slowly  when  exposed  to  the 
air,  more  quickly  in  rarefied  air. 

A  solution  of  calde  oxalate  in  hot  hydrochloric  acid,  deposits  crystals  of  the  salt 
(?CarO*SH)  (£.  Schmid).  Accordmg  to  Souchay  and  Lenssen,  this  salt  is 
deposited  on  cooling,  when  oxalate  of  calcium  is  added  at  100^,  to  hydrochloric  add  of 
speciiSc  grayity  less  than  1*10,  in  quantity  suffident  to  saturate  it ;  but  if  the  solution 
is  not  saturated,  it  deposits  after  some  time,  square  prismatic  crystals  consisting  of 
C*Ca''0\3H'0. — ^Bv  aading  oxalate  of  caldum  to  warm  hydrochloric  acid,  of  specific 
graTity  1*10  or  higher,  double  salta  are  obtained  in  scaly  crystals,  consisting  of  oxalate 
and  chloride  of  caldum.  With  add  of  1*20  specific  gravity,  Souchay  and  Lenssen 
obtained  the  salt  4C*Ca''0*.Ca"a«.24H*0.  Fritzsche  (Pogg.  Ann.  xxviii.  121),  by 
a  similar  process  obtained  an  oxalato-chloride  containing  C'0a''0^Ca''Cl'.7H'0, 
which  was  not  obtained  either  by  Schmid,  or  by  Souchay  and  Lenssen. 

With  nitric  acid,  oxalate  of  ccddum  behaves  in  the  same  manner  as  with  hydrochloric 
add,  excepting  that  it  is  insoluble  in  strong  nitric  acid,  and  thorefore  does  not  yield 
any  oxalato-nitrate  (Souchay  and  Lenssen).  According  to  Schmid,  a  solution 
of  caldc  oxalate  in  hot  nitric  acid,  deposits  monodinic  laminse  of  the  monohydrated 
salt  the  last  mother-liquors,  however,  yielding  free  oxalic  add. 

OxALATBS  OF  Cbbiux.  o.  Ccrous  Oxalate, — Oxalic  acid  and  alkaline  oxalates 
added  to  cerona  salts  throw  down  hydrated  cerous  oxalate  in  the  form  of  a  white  powder, 
which,  when  heated  in  a  dose  vessel,  gives  off  water,  carbonic  oxide,  and  carbonic  an- 
hydride^ and  leares  a  mixture  of  ceroso-ceric  oxide,  with  a  small  quantity  of  carbide  of 
earinm  (Baraelins).  The  salt  when  prepared  with  cerous  oxide  free  from  lanth- 
anum, contains  8  at.  water,  which  it  does  not  part  with  completely  even  at  269^.  When 
more  strongly  heated,  it  leaves  a  black  powder  which  takes  fire  in  the  air,  and  bums 
till  it  is  converted  into  eerie  ocdde  (B  e  r  i  n  g  e  r,  Ann.  Ch.  Pharm.  xlii«  143).  The  salt  is 
insolnbla  in  water  and  in  aqueous  oxalic  add  (Berselius).  It  dissolves  without 
deeompoBition  in  hot  nitric  add,  and  crystaUises  out  again  on  cooling.  By  leaving  a 
solntioo  of  the  salt  in  warm  moderately  strong  nitric  add  to  evaporate  slowly  over  caustic 
potash,  it  is  obtained  in  well-defined  rhombohedrous.  No  add  salt  is  formed.  If  the 
addia  too  strong,  or  heated  to  boiling,  partial  decomposition  takes  placet  (Holzman  n, 
J.  pr.  Chem.  Ixxxiv.  81.) 

TotaetiO'oeroua  Oxalate,  C^'Ce^O^  is  a  white  powder  insoluble  in  water,  and  leav- 
ing when  ignited  a  mixture  of  ceroso-ceric  oxide  and  potassic  carbonate  (Berselius). 
The  insolubility  of  this  salt  affords  a  ready  means  of  separating  cerium  from  many  other 
metals  (i  832). 

fi.  Cerie  Oxalate  is  insoluble  in  water,  but  soluble  in  aqueous  sal-ammoniac.  The 
•olntion  when  evaporated  first  deposits  a  yellow  powder,  and  then  yields  lemon-yellow 
erystak.    (Berzelius.) 

OzjLLA  T«  8  or  C  H  Bo  Ml  VIC  Keutral  oxalate  of  ammonium  forms  with  a  solution 
of  cfaiDmic  oxide  in  hydrochloric  add,  a  pale  green  pulverulent  precipitate. — The  solution 
ci  diiomic  hydrate  in  oxalic  acid  prepared  in  the  cold,  has  a  cherry-red  colour;  the 
section  prepared  at  the  boiling  heat  is  green,  but  becomes  cherry-coloured  on  cooling. 
It  dries  np  by  spontaneous  evaporation  to  a  violet-black  vitreous  mass,  but  the  green 
aohition  evaporated  over  the  water-bath  vields  a  green  mass.  The  solutions  are  not 
preeipitated  either  by  ammonia  or  by  caldum -salts,  but  give  a  precipitate  with  lime- 
water,  and  whan  hot  with  potash. 
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With  alkaline  and  earthy  oxalates  these  solutions  yield  two  series  of  doable  oxalates, 
viz.  :* 

Blue  salts    C-CiTM'O"         -        ^S*^!^* 

(C»6«)«) 
and       C»«&*M»0»«         -         CrfBif' r 


Red  salte     C*Cr"'MO« 


and       C«C?]SrO" 


(cro.)o 


The  formula  of  the  red  salts  (containing  alkali-metals)  may  also  be  written  CHjjT^^O^*, 

CCS'O**.  The  two  series  of  salts  are  analogous  in  composition  to  the  acid  and  hyper- 
acid oxalates  of  potassium,  CHKO^  (tripled)  and  C^H'KO*,  the  3  at  hydrogen  being 
replaced  by  1  at  triatomic  chronmium. 

Ammonium-aalts.—The  blue  salt,  G*Cr'^rNH<)*0*'.3H*0,  is  obtained  by  saturating 
acid  oxalate  of  ammonium  with  chromic  hyorate,  and  separates  on  evaporation  in  blue 
scales  isomorphous  with  the  blue  potassic  salt  (H.  Kopp).  It  dissolves  in  H  pt 
water  at  16^,  and  in  a  smaller  quantity  of  boiling  water. 

The  red  salts  C^Ci^(NH*)0'.4H*0,  exactly  resembles  the  ootresponding  potassium- 
salt,  and  is  obtained  in  a  similar  manner. 

Argento^hromio  Oxalate^  C*Ci^Ag*0".|H'0,  is  deposited  in  dark  blue  shining 
needles  when  a  mixed  solution  of  silver-mtrate  and  blue  potassio-chromic  oxalate  is 
left  to  evaporate.  It  dissolves  in  9  pts.  of  boiling  water,  ana  in  a  rather  larger  quan- 
tity of  cold  water. 

BaryUHsalcic  Oxalate,  C»«CS[*Ba''0".4H«0,  also  with  6BP0.  Precipitated  on  mixing 
a  barium-salt  with  a  solution  of  blue  ammonio- or  potassio-chromic  oxalate.  Small  dari: 
violet  needles,  nearly  insoluble  in  cold  water,  soluble  in  about  30  pts.  of  boiling  water. 

Cdcio-chromie  OxalaU,  C»*6r*Ca''0»*6HK);  also  with  12H«0.  Bark  violet  silky 
needles,  slightly  soluble  in  water. 

Plumbo-chromie  Oxalate,  C»*(Sp*Pb''0".6H*0.  Blue  precipitate  formed  on  mixing 
the  solutions  of  acetate  of  lead  and  blue  potassio-chromic  oxalate. 

Potassio-chronUo  Oxalates. — a.  Blue  salt,  G*Cr"'£0*.8H'0. — ^Prepared  by  saturating 
a  boiling  solution  of  add  potassic  oxalate  with  chromic  hydrate,  or  by  dissolving,  with 
aid  of  heat,  1  pt  add  chromate  of  potassium,  2  pts.  acid  oxalate  Gf  potassium,  and 
2  pts.  oxalic  acid  in  1  pt  of  water.  In  the  latter  case  the  chromic  add  is  first  reduced  to 
chromic  oxide  by  ^he  oxalic  add,  whence  there  results  a  disengagement  of  carbonic  an- 
hydride. The  salt  aystallises  in  huge  monodinic  prisms,  black  by  reflection,  and  of 
a  fine  blue  colour  by  transmitted  light  The  dominant  fiices  are  ooF,  [  <x>P{],  [  odPoo  1, 
odPoo  ,  and  the  prisms  are  terminated  at  the  ends  by  the  fiices  +  P  equally  developed, 
(like  fig.  30,  Cbtstalloorapht,  ii.  156),  or  with  +  P  or  +  Poo  predominant  Batio 
of  axes  a  :  b  :  e  -  0*999  :  1  :  0*395.  Angle  of  axes  »  86°;  +P  :  +P  in  the 
acute  dinodiagonal  terminal  edges  »  138^  48' ;  —  P  :  —  P  in  the  obtuse  edges  »  140^ 
34';  +P  :  -P  in  the  orthodiagonal  terminal  edges  -  139^  42';  +  P  :  -Pin 
the  basal  edges  »  58°  19';  ooP  :  ooP  -  about  90°;  [ooPf]  :  [ooP|]  in  the 
orthodiagonal  principal  section  »  112^  30'. 

The  salt  dissolves  in  6  pts.  water  at  15° ;  the  solution  is  green  by  reflection,  red  by 
transmission.  If  boiled  and  then  evaporated.it  leaves  a  green  amorphous  residue, 
which  however,  if  redissolved  in  water,  again  yields  blue  crystals  on  evaporation.  The 
salt  gives  off  11  per  cent  water  (3  at)  at  100°. 

fi.  Red  salt,  C«Cr"*E0*.4H*0.— Obtained  by  saturating  hyperadd  oxalate  quad 
roxakte)  of  potassium  with  chromic  hydrate.  Gzystallises  m  small  rhomboi'dal  ab  eta 
or  dark-red  erains  (Croft,  PhiL  Mag.  [3]  xxl  197).  The  crystalB  are  monod  nic,  ex- 
hibiting the  dominant  combination  oip .  ooP .  [  ooP2] .  ooPoo .  [  ooPoo  ] .  -i-  Poo  .  —Poo 
Batio  of  axes  a:b  :e  »  0*8061  :  1  :  111583.  Angle  b:c  -  70°  33';  ooP :  qdP 
(dinod.)  -  81°  17';  [ooP2]  :  [ooP2]  -  46°  27';  oP  :  ooP  -  120°  41';  oP: 
—Poo  —  142°  25'  (Bammelsberg,  Pogg.  Ann.  xciiL  24\  The  aystab  dissolve  in 
rather  more  than  10  pts.  of  cold  water ;  the  solution  in  cold  water  is  cheny-ooloured ; 
that  made  with  boiling  water  is  blackish-green.    The  solution  if  boiled  and  then  left 

•  Cr  B  5S*4;  cfaromlc  chloride  a  CrCP. 
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to  itadf  ibr  a  few  days,  deposits  garnet-red  aystalB,  but  if  eyaporated  immediatel j  over 
the  water-bath,  it  leayes  a  green  amoiphouB  mass. 

Sodio<kromic  OxalaUs,  The  blue  Bait,  C*Cr'"KaO'*.iH*0,  is  obtained  in  hexagonal 
plates  or  rhomboids!  prisms  by  saturating  a  boiling  solution  of  acid  sodic  oxalate 
with  chromic  hydrate.  The  ciystals  are  black  by  reflection,  deep  blue  by  trans- 
mission, slightly  efflorescent)  Tezy  soluble  in  water  (Berlin).  They  are  monoclinic, 
exhibituig  the  combination  oP  .  +  P  .  —  P  .  ooPoo  .  [  ooPoo  ]  .  ooP.  Batio  of  axes 
a:h\e  -  07218  :  1  :  0-8803.  Angle  6  :  <?  -  79°  20';  oP  :  +  P  =  120° ;  oP  : 
-  P  -  128«  12';  oP :  odP  -  96°  20';  ooP  :  ooP  (dinod.)  «  78°  26'.  Cleavage 
perfect  parallel  to  oP.     (Rammelsberg.) 

According  to  Rammelsberg,  a  solution  of  chromic  hydrate  in  acid  sodic  oxalate  yields 
flxst  a  red  and  afterwards  a  blue  sodio-chromic  oxalate,  the  two  salts  haying  the  same 
composition  (?),  and  the  red  salt  also  forming  monocUnic  aystals. 

OxALATSS  OT  CoBALT.  o.  Cohaltout  salts. — Neutrol  cdbcittovs  oxalate, 
G*Co*0^.2H'0,  obtained  by  digesting  the  carbonate  with  excess  of  oxalic  add,  is  a  lose- 
red  powder,  nearly  insoluble  in  water  and  oxalic  add,  easily  soluble  in  aqueous  ammonia. 
A  blue  bade  salt,  C>C!o''0«.2Co'^*0*,  is  obtained  by  treating  cobaltous  oxalate  with 
boiling  aqueous  oxalate. 

ApoiassiO'Cobaltaus  oxalate  is  obtained  in  rose-coloured  rhomboidal  crystals  insoluble 
in  water,  by  dissolying  cobaltous  oxalate  in  a  boiling  solution  of  the  neutral  potassic 
salt  Cobiutous  oxalate  dissolves  also  in  a  hot  solution  of  the  add  ammonium-salt ; 
but  the  liquid  when  left  to  evaporate  deposits  rose-coloured  sparingly  soluble  crystals 
containing  only  a  small  quantity  of  cobalt. 

Oxalate  of  Cobalt-nickel-ammoniu7n,  2[0(Co'lT«H*nNi'TJ«H«)"0«].9H«0.  was  ob- 
tained byRautenberg  (Ann.  Ch.  Pharm.  cxiii.  360)  in  separating  nickel  and  cobalt 
by  Laugier^s  method  (i.  1039),  being  deposited  after  some  weeks  fiom  the  ammoniacal 
solution  from  which  the  greater  part  of  the  nickel-oxalate  had  previously  separated. 
It  fonns  transparent  cherry-red  tridinic  prisms  which  give  off  all  their  water  of 
oystallisation  at  100°,  crumbling  to  a  brick-red  powder,  and  ammonia  at  180°.  It  is 
insoluble  in  water,  easily  soluUe  in  ammonia,  the  solution  when  left  to  evaporate, 
depositing  oxalate  of  nickel-ammonium  while  a  cobalt-salt  remains  in  solution. 

/B.  Cobaltie  ealtt.  A  solution  of  cobaltous  oxalate  in  strong  aqueous  ammonia 
left  to  evaporate  in  contact  with  the  air  deposits  large  deep-red  crystals  containing, 
according  to  Ll  Gmelin  {Handbook,  ix.  162)  3Co«OM2NH«.Co«0*.3H«0,  which  may  be 

(C6*)'\ 
represented  by  the  formula        (j^t   0*  .3H*0.     The  ciyBtals  are  sparingly  soluble  in 

H"  J 
water  and  in  aqueous  ammonia,  and  when  boiled  with  potash,  give  off  ammonia  and 
deposit  brown  peroxide  of  cobalt. 

Other  ammoniacal  cobaltie  oxalates  are  described  under  CobaiiT-basbs,  Ajdconiacal 
(i.  1061). 

Oxalates  of  Ooppsb.  Neutral  cuprio  Oxalate,  2CCu*'0^H'0  (according  to 
Ijows^  Jahresb.  1860,  p.  243^  is  a  Hffht  greenish-blue  precij^itate,  insoluble  in  water, 
nearly  or  quite  insoluble  in  oxalic  acid,  but  easily  soluble  in  the  neutral  oxalates  of 
ammonium,  potassium  and  sodium.  It  does  not  give  off  the  whole  of  its  water  even  at 
120^,  but  decomposes  at  a  somewhat  higher  temperature. 

Ammomo'ewpfie  Oxalate,  O(NH*)*Cu''0*.2H*0,  obtained  by  dissolving  cupric  oxalate 
in  the  neutral  ammonium<4alt,  or  cupric  oxide  in  the  add  ammonium-salt,  forms  dark 
blue  rhombic  plates  permanent  in  the  air,  sparingly  soluble  in  water,  with  partial 
decomposition. 

Oxalate  of  Cufrantmotmm,  C(N'H*Cu''yO^JB?0,  is  obtained,  by  evaporatiiuf  an 
ammoniacal  solution  of  cupric  oxalate,  in  short  flattened  hexagonal  prisms,  of  a  dark* 
blue  colour :  it  eflloresces  on  exposure  to  the  air,  ffiving  off  water  and  ammonia. 

Oxalate  of  Copper  and  Cuprammoniwm,  CK7u'*(N*H'Cu''y  O",  is  deposited  as  a  sky- 
blue  crystalline  powder  when  ammonia  is  tareated  with  a  larger  quantity  of  cupnc 
oxalate  than  it  is  capable  of  dissolving. 

LUkUHBUprio  Oxalate,  C«^*Cu''0*.2HH>,  is  depodted  in  blue  crystals  by  spontaneous 
evaporation  of  the  solution  obtained  by  boiling  add  lithio  oxalate  with  cupric  oxide ; 
when  redissolved  in  water,  it  suffers  partial  decompodtion  (Troost^  Ann.  Ch.  Phys, 
[8lli  103). 

Fota$$io-cuprie  Oxalate  crystallises  in  blue  rhombohedrons,  C^K*Cu''0'.2H*0,  spar- 
ingly soluble  in  water,  or  in  flattened  needles  containing  C^EK7u''0*  iH*0.  It  is 
decomposed  by  boiling  water,  with  semation  of  cupric  oxalate. 

Bodio-cti^prie  Oxalate,  C«NaH7u''0*.2H*0,  forms  dark  sky-blue  often  flattened  needlea 

OzALATB  OF  DiBTMiTTX.    C«Di''0*.H»0 ;   also  with  4HK).— Pulyerulent  and 
You  IV.  S 
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white,  with  a  slight  tinge  of  n>se*coIoiir,  when  predpitated  fiom  neutral  eolntions ;  but 
when  rediflsolved  by  the  aid  of  heat  in  excess  of  nitric  or  hjrdroehloric  acid,  it  separates 
as  the  liquid  cools,  in  the  granular  and  crystalline  state,  sometimes  even  in  smaJ!,  rose- 
coloured,  rectangular  prisms  terminated  by  four-sided  pyramids  with  their  faces  resting 
on  the  edges  of  the  prism.  This  salt  is  completel^r  insoluble  in  water,  and  nearly  in- 
soluble in  oxalic  acid  and  in  rery  dilute  mineral  adds.  The  air-dried  salt  (with  4  at. 
water)  gives  off  about  20  per  cent,  water  at  100^,  leaving  the  monohydzated  salt* 
(Marignac,  Ann.  Ch.  Phys.  [3]  xxzviii.  175.) 

Oxalate  of  GLuctKUuremains,  when  its  aqueous  solution  is  evaporated,  as  a 
transparent  gummy  mass,  possessing  the  sweetest  taste  of  all  gludnum-salta. 
(Vauquelin.) 

Ammonio-glucinic  Oxalate,  C^(NH*)'G-''0',  forms  trimetrie  crystals  exhibiting  the 
combination  ool^oo  .  ooPoo  .  oP  .  P  .  2P  .  ooP  .  Poo  .Poo  .  2?oo  .  4l»<».  Ratio  of 
axes  a\h\c  —  0*8769  :  1 :  1*7413.  Inclination  of  the  faces,  P  :  P  in  the  brachy- 
diagonal  prindpal  section  »  121°  6Qf;  in  the  macrodiagonal  b  111®  24';  in  the 
basal  section  »  98""  44';  2P :  2P  in  these  three  sections  «  105®  56^;  93®  10*  and 
132®  4';  -  ooP:  oofoo  =  138®  4r  ;  oP :  f  oo  -  148®  27';  oP  :  Poo  »  139®  45'. 
(S^narmont,  Jahrasb.  1857,  p.  295.) 

OxALATBS  OF  Ibon.  o.  Ferrous  8alts. — Ferrous  oxalate  ocean  aa  oxtdiU 
or  humboldtine,  2C*Ffe''0'.3£PO,  in  deposits  of  lignite.  It  is  very  soft^  and  crumbles 
between  the  fingers,  has  a  density  of  2-13  —  2*489,  yellow  colour,  dull  or  riigfatly 
resinous  lustre,  and  when  insulated  acquires  negative  electridty  by  friction,  when 
thrown  on  red-hot  coals  it  emits  a  strong  vegetable  odour  and  leaves  a  residue  which 
is  attracted  In^  the  magnet  It  is  found  in  lignite  at  Kolosoruk  in  Bohemia,  at  Gross- 
Almerode  in  Uessia^  and  in  shale  at  Cape  Ipperwash  in  Upper  Canada  (Dana,  ii.  465). 
It  appears  to  have  been  formed  by  the  decomj^tion  of  succulent  plants. 

Iron  dissolves  in  oxalic  add,  with  evolution  of  hydrogen,  and  the  liquid  which 
has  a  sweet  astringent  taste,  gradually  dep»osits  ferrous  oxalate  as  a  light^ellow 
powdeiv  This  ssdt  separates  a&  in  small  shining  yellow  crystals  containing  CFfe^O^ 
2H'0,  when  ferrous  sulphate  is  precipitated  by  oxalic  add  or  neutral  oxalate  of 
potassium ;  also  when  a  solution  of  ferric  oxide  in  oxalic  acid  is  exposed  to  sunshine. 
It  is  nearly  insoluble  in  cold,  very  sparingly  soluble  in  boiling  water.  According  to 
Souchay  and  Lenssen,  the  dihydratea  salt  dissolves  in  4,500  pts.  of  cold  and  3,800  pte. 
of  hot  water. 

When  the  dihydrated  salt  is  heated  with  the  strongest  sulphuric  acid  (H'SO^)  car- 
l)onic  oxide  and  carbonic  anhydride  are  evolved  and  pure  ferrous  sulphate  remains  in 
the  form  of  a  soft  white  powder.  But  if  the  same  salt  be  heated  with  dilute  sulphuric 
add,  the  liquid  after  cooling  yields  crystals  of  oxalic  acid,  and  ferrous  sulphate  remains 
in  solution. — ^When  ferrous  oxalate  is  dissolved  to  saturation  in  strong  hydrochloric  add 
at  a  boiling  heat»  the  liquid  when  quite  cold,  dei)osits  large  transparent  oystals  of 
oxidic  add,  and  afterwards  crystals  of  ferrous  chloride.    (Souchay  and  Lenssen.) 

If  ferrous  oxalate  be  added  to  boiling  solution  of  caustic  potash,  the  boiling  heat 
beiuff  continued  for  some  time,  a  velvet-black  predpitate  of  ferrous  oxide  is  produced, 
which  however  soon  passes  on  the  filter  to  a  higher  state  of  oxidation.  Ferrous  oxalate 
boiled  with  a  concentrated  solution  of  add  carbonate  of  potassium,  yields  a  perfectly 
white  predpitate  of  ferrous  carbonate,  which  likewise  oxidises  quickly  during  waahing. 
(Bottger,  J.  pr.  Chem.  Ixxvi.  238.) 

Acid  salt  ?  A  solution  of  iron  in  oxalic  add,  yielda  before  complete  saturation, 
greenish-yellow,  veiy  soluble,  efflorescent  prisms  which  appear  to  be  an  acid  feixons 
oxalate,  or  according  to  Berreewil,  vl  ^ferroso^/erric  oxalate. 

Potassio-ferrous  Oxalate.  C*K*Ffe''0«.2H«0.— A  solution  of  ferrous  oxalate  in 
oxalate  of  potassium,  deposits,  when  mixed  with  alcohol  and  left  to  stand  for  24  hours, 
oily  drops  of  this  double  salt  which  soon  solidify.     (Souchay  and  Lenssen.) 

/3.  Ferric  salts.  When  ferric  hydrate  is  treated  with  a  quantity  of  aqueous  oxalie 
add  not  sufficient  to  dissolve  it,  a  yellow  powder  is  formed  nearly  insoluble  in  water, 
and  apparentlv  consisting  of  neutral  ferric  oxalate.  The  same  salt  is  mcipitated  on 
adding  a  smiul  quantity  of  neutral  potassic  oxalate  to  a  ferric  salt.  It  dissolves  in 
oxalic  add,  formme  a  solution  which,  when  exposed  to  sunshine,  gradually  assnmes  a 
greeaish-Tellow  colour,  gives  off  carbonic  anhydride,  and  deposits  crystals  of  ferrous 
oxalate  tul  it  becomes  quite  colouriess. 

J^erric  hydrate  dissolves  in  the  add  oxalates  of  the  alkali-metals,  forming  double  salts. 

Ammomo-ferric  Oxalate,  C^NH*)"Fe"'0« — ^A  hot  solution  of  ferric  hydrate  in  add 
oxalate  of  ammonium  deposits  this  salt  on  cooling  in  small,  anhvdrous,  rhombic  octa- 
hedrons, having  a  greenish-white  colour  and  taming  yellow  when  exposed  to  lights 
The  salt  dissolves  in  I'l  pt.  water  at  20®  and  in  0*79  pt.  boiling  water.  The  aqueous 
solution  exposed  to  sunshine  gives  off  carbonic  anhydride,  and  deposits  ferxous  oxaJate 
in  the  form  of  a  yellow  powder. 
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Borytthferric  Oxalate^  C>*&'I?*0*^.6HK)  {^\  is  precipitated  on  mixing  a  concentrated 
solution  of  the  ammonio-ferric  salt  mih  chlonde  of  barinm.  The  precipitate  crystallises 
from  boiling  water  in  greenish-yellow  silky  needles. 

CaUAch-ferric  Oxalate  is  an  unCTystallisable  precipitate. 

PoioMio-ferrie  Oxalate,  CE^e'"0".3H'0,  crystallises  in  flattened  prisms  or  scales 
of  an  emerald-green  colonr,  which  effloresce  in  diy  air,  and  decompose  quickly  when 
exposed  to  lights  depositing  ferrous  oxalate.  It  is  isomorphous  with  the  blue  potassio- 
ehromic  oxalate.    (H.  Kopp.) 

SodiC'/erric  Oxalate,  CNa'Fe'^0i*.3HK),  also  forms  green  crystals  moderately  soluble 
in  water.  The  eiystals  are  monoclinic,  the  dominant  faces  being  oP,  +F,  —  F, 
ooP.  Eatio  of  axes  a  :  b  :  c  ^  0-7804  :  1 :  0877.  Angle  *  :  c  «  79^  44',  ooP  : 
ooP  (dinod.)  -  730  10';  +P  :  +P  (clinod.)  -  91°  12';  -P  :  -P  in  the 
flame  -  101^22';  +  P:  -  P  (basal)  -  111^  43' :  oP :  +  P  «  119°  68';  oP: 
~  P  e  128^19'.    deavage  easy  parallel  to  oP.    (Rammelsberg.) 

Sirontuhfirric  Oxalate  is  an  uncrystallisable  precipitate. 

OxAiiATB  OF  Lantsakux.  CHia''0*. — ^White  precipitate  insoluble  in  water* 
neaily  insoluble  in  oxalic  acid,  easily  soluble  in  nitric  acid,  separating  from  this  solution 
like  tha  cerons  salt  (p.  266)  in  well-defined  rhombohedrons.    (Holzmann.) 

0XAI.ATB8  OF  Lbad. — The  neutral  salt,  C*Fb''0*,  is  a  white  precipitate  insoluble 
in  water  and  in  acetic  acid,  but  soluble  in  nitric  add.  It  dissolTes  also  at  the  boiling 
heat  in  aqueous  chloride,  nitrate,  and  succinate  of  ammonium,  but  is  insoluble  in  caustic 
ammonia,  and  in  the  carbonate.  The  dry  salt  heated  in  a  retort  placed  in  an  oil-bath, 
deoompoaes  at  about  300**,  giyinff  off  a  mixture  of  3  toL  CO'  to  1  toI.  CO,  and  leaving 
a  reBi<ui0  of  suboxide  of  lead.    (Pelouze,  Ann.  Ch.  PhysL  [3]  iy.  104) : 

3C«Pb''0*       -      SCO*     +     CO     +     Pb«0. 

A  haric  oxalate  of  lead,  C*Pb"0^.2Pb''0,  is  obtained  as  a  white  powder  by  precipitating 
a  solution  of  basic  acetate  of  lead  with  neutral  oxalate  of  ammonium,  or  by  boiling 
neutral  oxalate  of  lead  with  the  basic  acetate  (which  is  thereby  converted  into  neutral 
acetate).  It  is  precipitated  in  small  shining  laminae  on  mixing  a  boiling  solution  of 
Qxamide  with  mtrate  or  acetate  of  lead  containing  a  little  ammonia.  It  absorbs  car- 
bonic add  from  the  air,  and  is  ultimately  conyerted  into  a  mixture  of  carbonate  and 
nevtxal  oxalate  of  lead. 

Fotaeno^wnbie  Oxalate. — Add  oxalate  of  potassium  digested  irith  hydrate  of  lead 
disaolTcs  a  small  portion  of  it,  and  the  solution  yidds  snudl  needles  which  are  per- 
manemt  in  the  air,  but  are  decomposed  by  alkaUs.    (Wenzel,) 

Pb*    \ 

OMdato-nUrateeofLead.—a.  The  nomuUsalt,  C*Pb"0*.2iPPb''0«.2H«0-(  CO*)"  [  0* 

(NO*)*  j 
.2H*0,  is  produced  by  pouring  a  solution  of  neutral  lead-acetate  into  a  mixture  of 
dilute  oxalic  and  a  luge  quantity  of  nitric  add,  or  dilute  oxalic  add  into  a  mixture  of 
dilute  lead-acetate  and  nitric  acid ;  also  when  oxalate  of  lead  is  dissolved  in  dilute 
utrie  add,  or  boiled  with  a  strong  solution  of  lead-nitzate.  It  forms  rhombic  or  hex- 
agonal plates  having  a  nacreous  lustre;  is  slowly  decomposed  by  cold,  quickly  by  boil- 
ing water.    (Johnston,  Phil.  Idag.  [3]  xiii.  25. — ^Dujardin,  J.  pr.  Chem.  xv.  308.) 


0**.3H*0,  is  fonned 


Pb*    ' 
».  A  baaie  mU,  C*Pb''0*.8N*Pb''0«.2Pb''0.3H»0      =    ( CO*)" 

•  (NO*)*j 

when  oxamide  is  boiled  with  a  strong  solution  of  lead-nitrate  mixed  with  ammonia, 
and  fleparates  in  white  shining  crystalline  grains,  which  must  be  washed  with  cold 
water  and  dried  in  a  vacuum.  If  the  boiling  be  too  long  continued,  while  the  liquid 
still  contains  neutral  nitrate  of  lead  (which  thereby  beonnes  baaic^  the  salt  jS  is  con- 
Tfvted  into  a.  The  salt  ^  is  also  formed  when  bade  oxalate  of  1^  is  boiled  with  a 
flolution  of  lead-nitrate  in  a  double  quantity  of  water,  the  ebullition  being  stopped 
before  fi  is  converted  into  a.    (Pelouze,  Ann.  Ch.  Phys.  [2]  Ixxix.  104.) 

OxAXATBS  OF  Lithit;  X. — The  neutral  salt,  CLiH)*,  obtained  by  saturating  a  hot 
eolation  of  oxalic  add  with  carbonate  of  lithium,  separates  on  cooling  in  indistinct 
nodulous  anhydrous  o^stals ;  it  also  separates  in  the  uihydrous  state  ficom  its  aqueous 
■diition  on  addition  of  alcohoL     1  pt.  of  it  dissolves  in  in  13*1  pts.  water  at  19*6^. 

The  acid  salt,  C*HLiO^H*0,  forms  large  tabukr  eiystals  which  dissolve  in  12'8 
pts.  water  at  17^,  give  off  their  water  of  crystallisation  at  100^,  and  oxalic  add  at  160^. 
(Souchay  and  Lenssen.) 

0XAX.ATB8  OF  Magnbsivic,  C*Mg''0^  This  salt  is  best  prepared  by  neutral- 
isiii^  oxalic  add  with  carbonate  of  magnedum  and  washing  with  odd  water;  when 
precipitated  from  a  magnedum-salt  by  oxalate  of  potasmum,  it  always  retains  a  portion 
df  that  salt    Prepared  by  the  first  method,  it  is  a  white  sandy  powder  consisting  of 

s  2    - 
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C^gfO*.2HK),  solable  in  1500  pts.  of  water  at  16^  and  1300  pts.  of  boiling  water.  It 
gives  off  1*5  per  cent  water  at  100°,  and  does  not  lose  the  whole  of  it  even  at  1 40^ ;  but  at 
150°  it  becomes  anhydrous,  at  the  same  time,  however,  suffering  partial  decomposition. 

No  acid  oxalate  of  magnesium  or  double  oxalate  of  magnesium  and  sodium  appears 
to  exist. 

Ammonio-maa^iesian  Oxalates. — A  concentrated  solution  of  chloride  of  magnesium 
forms,  with  oxalate  of  ammonium,  a  precipitate  of  oxalate  of  magnesium,  which  always 
contains  small  quantities  of  the  double  oxalate  of  magnesium  and  ammonium.  But  a 
dilute  solution  of  chloride  of  magnesium  mixed  with  oxalate  of  ammooium,  especially 
if  a  little  caustic  ammonia  is  added,  yields,  after  standing  for  some  time,  crystalline 
crusts,  consisting  of  oxalate  of  magnesium  and  ammonium  and  oxalate  of  ammonium 
in  equivalent  proportions.  Tarring  according  as  the  magnesia  or  the  oxalate  of  am- 
monium predominated  in  the  liquid ;  they  dissolve  in  water  with  separation  of  oxalate 
of  magnesium. 

arC*Mg"(NH0*O«.5C«(NH*)«O«.9H*O.— Obtained  by  adding  oxakte  of  ammo- 
nium to  a  magnesia  solution,  rendered  strongly  alkaline  by  ammonia,  and  then  mixed 
with  a  quantity  of  sal-ammoniac  sufficient  to  redissolve  the  precipitate, — ^in  such  pro- 
portion, that  the  magnesia  may  be  to  the  oxalic  acid  (C*HH)^2H'0),  as  1  :  12*6. 
(Souchay  and  Lenssen.) 

fi.  5C«Mgf(NH«)*0«.8C«(NH*)«0«.24H«0.-~Bv  mixing  a  magnesia  solution  with 
oxalate  of  ammonium,  in  such  proportion  that  the  magnesia  may  be  to  the  oxalic  acid» 
as  1*0  :  6*8.    (Souchay  and  Lenssen.) 

r  C*Mg''(NH«)«0".4C«(NH*)*0*.8H*0  (Souchay  and  Lenssen);  with  2H«0 
(Kayser,  Pogg.  Ann.  Ix.  143). — Prepared  by  gradually  adding  recently  pre- 
cipitated oxalate  of  magnesium  to  a  boiling  concentrated  solution  of  oxalate  of  am- 
monium, till  the  former  no  longer  dissolves,  even  after  long  boiling.  On  filtering  hot, 
and  leaving  the  liquid  to  cool  quietly,  the  salt  7,  separates  in  hard,  warty,  crystalline 
crusts,  having  the  appearance  of  enamel,  slightly  translucent,  and  efflorescing  in  the 
air.  It  dissolves  prettv  readily  in  water,  with  partial  separation  of  oxalate  of  mag- 
nesium ;  in  ammoniacal  salts  it  forms  a  clear  solution. — At  100^  it  gives  off  13*3  per  cent, 
(rather  more  than  6  at.)  water;  at  120°,  7  at.  in  all;  at  ^40°  it  begins  to  decompose 
and  assume  a  brownish  tint.     (Souchay  and  Lenssen.) 

«.  C«Mg'(NH*)0«.6C«(NH^)«0^8H*0.— When  the  mother-Uquor  from  which  the 
preceding  salt  has' crystallised  is  mixed  with  a  little  water  and  ammonia,  and  set  aside 
for  some  weeks  in  the  cold,  it  deposits  milk-white  crusts,  which  dissolve  in  water  with 
partial  decomposition,  the  solution  becoming  turbid.  It  gives  off  12*  15  pet  cent,  (about 
8  at.)  water  at  100°.     (Souchay  and  Lenssen.) 

e.  C<Me'*(NH*)«0«.2C«M^'0«.2H«0  or  C»Mg«(NH*)«0".2H«0,  is  produced,  according 
to  Brandes  (Schw.  J.  xxvii.  18),  when  aqueous  chloride  of  magnesium  is  mixed  with 
neutral  oxalate  of  ammonium,  especially  in  presence  of  excess  of  ammonia,  and  is  grad" 
ually  deposited  in  crystalline  crusts.  Souchay  and  Lenssen  did  not  succeed  in  pre- 
paring this  salt 

Potassio-maffnesic  Oxalate^  C^K^Mc^'O'-OHH). — Deposited  in  white  needles  when  a 
strong  solution  of  neutral  potassic  oxiQate  is  boiled  with  recently  precipitated  oxalate 
of  magnesium,  and  the  filtered  liquid  is  left  to  cooL  It  effloresces  quickly  in  the  air, 
is  insoluble  in  cold  water,  and  is  decomposed  by  hot  water  with  separation  of  oxalate 
of  magnesium.     (Kayser,  loc,  cit. ) 

OxALATB  OP  Manoan^b. — This  salt,  whether  prepared  by  precipitating  ^^ 
sulphate  or  chloride  of  manganese  with  oxalic  acid,  or  by  treating  the  carbonate  of  man* 
ganese  or  manganoso-manganic  oxide  with  oxalic  acid,  contains,  in  the  air  dried  state, 
I  at  water.    Souchay  and  Lenssen  (Ann.  Ch.  Pharm.  cii.  47)  found  in  it,  87*55 

Eer  cent  MnO,  the  formula  2C«Mn'*0*.6H*0  requiring  37*83  per  cent  1  pt.  of  this 
ydrated  salt  dissolves  in  2460  pts.  of  cold,  and  in  1250  pts.  of  boiling  water ;  but  the 
solubility  is  veiy  greatly  increased  by  the  presence  of  a  trace  of  potassic  or  ammonie 
oxalate.  At  100°,  according  to  Souchay  and  Lenssen,  it  gives  off  all  its  water  (as 
previously  found  by  Liebig,  Ann.  Ch.  Pharm.  xcv.  116). 

These  results  are  at  variance  with  those  obtained  by  other  chemists.  According  to 
Oraham,  the  salt  contains  f  at.  water,  the  whole  of  which  it  retains  at  100° ;  accord- 
ing to  Hausmann  and  Lo wen  thai  it  contains,  after  drying  at  100°,  2  at  water. 

According  to  H.  Croft  (Chem.  Gaz.  1857,  p.  62)  the  quantity  of  water  contained  in 
manganous  oxalate  varies  with  the  temperature  at  which  it  is  precipitated.  Hot  con- 
centrated solutions  of  man^nous  sulphate  and  oxalic  acid  yield  a  white  granular  pre- 
cipitate consisting  of  C*Mn"'0*.2H*0,  which  does  not  give  off  any  water  at  100°. 
(This  agrees  with  the  statement  of  Hausmann  and  Low  en  thai.)  In  a  solution  of 
manganous  sulphate  in  30  pts.  of  water,  oxalic  acid  produces  a  precipitate  which  has  a 
faint  violet  colour,  but  in  a  few  days  becomes  white  and  granular,  and  exhibits  the 
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flame  oompofiitioiu  When  manganoue  sulpbate  diesolved  in  30  to  100  pts.  of  water  is 
precipitated  bj  oxalate  potassiom,  a  pale  violet  crystalline  piecipitate  is  obtained,  re- 
sembling benzoic  acid  and  containing  C*Mn''0^3H*0.  It  is  nnalterable  in  the  air  at 
ordinary  temperatures,  but  at  100^  gives  off  1  at.  water  and  turns  white.  When  heatnl 
for  some  time  in  the  air,  it  yields  red  crystalline  manganic  oxide  (Croft). — These  state* 
menta  an  confirmed  by  Oorgeu  (Compt.  rend,  xlvii.  929).  Oxalic  acid  mixed  with 
excess  of  manganous  sulphate  in  the  cola,  yields  rose*coloured  prismatic  needles  of  the 
■alt  CMn^O^SHK) ;  but  when  a  veiy  hot  solution  of  oxalic  acid  is  mixed  with  a  hot 
solution  of  a  manganous  salt  till  a  precipitate  begins  to  form,  and  the  liquid  is  then 
left  to  cool,  white  flattened  octahedrons  are  obtained,  consisting  pf  C*Mn"0*.2Il'0.^- 
The  red  salt^  when  dried  in  the  air,  gives  off  1  at.  water  and  turns  white ;  but  in  vacuo 
and  even  at  96^,  it  retains  its  red  colour,  although  it  loses  the  greater  part  of  its  water. 

AmmoHio-man^aTunu  Oxaiate, — Oxalate  of  manganese  forms,  with  oxalate  of  am- 
monium, a  series  of  double  salts  varying  in  composition  according  to  the  degree  of  dilu- 
tion and  the  proportions  in  which  the  constituent  salts  are  mixe(L 

a.  C*Mn''(NH!^)'0*.2HK)  is  obtained  by  adding  oxalate  of  manganese  to  a  boiling 
saturated  solution  of  oxalate  of  ammonium,  and  filtering  the  rose-coloured  solution  while 
■till  hot.  The  czystalline  crosts  composed  of  microscopic  square  prisms,  which  first 
separate  from  the  liquid,  consist  of  the  salt  a.  The  mother-liquor  yieldiB  crystals  of 
different  composition.    (Souchay  and  Lenssen.) 

18.  C«Mn''(NH*)*0«.C«(NH*)K)MHK).— The  mother-liquor  of  the  salt  a,  filtered 
and  left  to  itself  for  twenty-four  hours,  deposited  crystalline  crusts  consisting  of  micro- 
scopic prisms  which  gave  by  analysis  16-24  per  cent  MnO  and  46  20  CO*,  the  formula 
of  mlt  /9  requiring  16.37  MnO  and  46*63  C*0>. 

7.  C*Mn"(NH^)«0«.4C«(NH«)«0«.8H»0.— The  motheivliquor  of  /9  mixed  with  water, 
yielded,  after  standing  for  a  day,  crystalline  crusts  containing  7*44  per  eent  MnO  and 
47*48  per  cent,  C^O* ;  the  formula  y  requires  7 '84  per  cent  MnO  and  47-57  C'0». 

5.  The  mother-liquor  of  y  deposits,  after  standing  for  some  time,  crystalline  crusts 
containing  6- 1 9  per  cent.  MnO  and  49*82  C'O*,  agreeing  with  the  formula  C^Mn''(NH«)*0*. 
C^NH«J«0*.8H«0,  which  requires  61 7  MnO  and  49-86  C«0«. 

All  these  salts  are  decomposed  by  water  and  effloresce  rapidly  in  the  air.  The 
colour  is  reddish  or  white  according  to  the  proportions  of  manganese  contained  in  thenu 
Those  which  contain  a  large  proportion  of  manganese  separate  in  small  prisms,  while 
those  with  a  smaller  quantity  of  manganese  are  deposited  in  crystalline  crusts  or 
nodules,  and  always  after  the  solution  has  been  left  at  rest  for  some  time.  (Soucha  y 
and  Lenssen.) 

«.  OraJUUe  of  ManganeH  and  Manganammrmium.  C*Mn''(N«H«Mn")"0«.6HK).— 
When  a  boiling  solution  of  oxalate  of  ammouiam  is  saturated  with  oxalate  of  manganese, 
tJie  liquid  filtered,  and  ammonia  added  till  the  filtrate  smells  slightly  of  it,  a  white  or 
■lightly  green  crystalline  powder  is  precipitated,  consisting  of  transparent  microscopio 
crystals,  which  have  the  form  of  square  prisms,  but  are  so  much  truncated  that  they 
are  scarcely  distinguishable  from  cubes.     (Souchay  and  Lenssen.) 

Winkelblech  assigned  to  a  »ilt  prepared  in  a  similar  manner,  the  formula  4NH'. 
C*M[n''(NH*)H)*.2C*Mn"0^8H»0,  the  accuracy  of  which  is  called  in  question  by 
Q me\i ji.{Handbookf  ix.  147).  The  salt  decomposes  quickly  in  contact  with  water, 
turning  brown  and  absorbing  oxygen.  At  100^  it  gives  off  6  at.  water,  assuming  at 
the  same  time  a  faint  brown  colour.    (Souchay  and  Lenssen.) 

PotMno-Tnanganous  Oxalate,  C*Mn"K*0*.2H'0.— Obtained  in  reddish  crusts  by 
adding  manganous  oxalate  to  a  boiling  concentrated  solution  of  oxalate  of  potassium, 
and  leaving  the  filtrate  to  cooL  Gives  off  all  its  water  at  100°.  (Souchay  and 
Lenssen.) 

Potauuhmanganic  Oxalate  is  best  obtained  by  saturating  3  pts.  of  oxalic  acid  with 
carbonate  of  potassium,  adding  4  pts.  of  oxalic  acid,  and  then  peroxide  of  manganese  till 
the  liquid  exhibits  but  a  faint  acid  reaction.  The  purple  liquid  thus  formed  is  very 
easily  decomposed  by  light  and  heat.  Mixed  with  alcohol  in  the  dark  and  in  a  vessel 
externally  cooled,  it  deposits  potassio-manganic  oxalate  (probablv  C*Mn'^K'0".3H'0X 
in  purple-red  crystals  which  however  cannot  be  dried  without  decomposition.  (Sou- 
chay and  Lenssen.) 

Sodio-manganotu  Oxalate.  Oxalate  of  manganese  dissolves  pretty  freely  in  warm 
oxalate  of  sodium,  and  the  solution  deposits  crystalline  crusts  containing  variable  quan- 
tities of  manganese,  and  probably  consisting  of  sodic-oxalate  having  oxalate  of  man- 
ganese mechanically  inclosed  within  it     (Souchay  and  LensHen.) 

OzALATSS  OF  Mbbcvbt. — o.  Mercurous  Oxalate^  C-Hg*0*,  is  obtained  in 
the  anhydrous  state  by  heating  mercuric  oxalate  to  164®.  It  is  also  produced  by  heating 
meicnrons  nitrate  with  excess  of  oxalic  acid,  as  a  white  precipitate,  which  is  insoluble 
even  in  hot  water,  and  obstinately  retains  hygroscopic  water,  from  which  indeed,  it 
cannot  be  freed  without  decomposing  into  mercuric  oxalate  and  metallic  mercury  ;  this 
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decomposition  taJdnff  place  at  100^.  The  same  piodnete  are  obtained  when  mevenroiM 
oxide  18  heated  with  oxalic  add. — ^The  anhydrons  ealt  obtained  by  the  fint  method, 
begins  to  decompose  only  at  175^  (Sonchay  and  Lenssen).  According  to  Harff 
(K  Br.  Arch.  t.  264)  merenzonfl  oxiAlate  obtained  by  precipitation  and  dned  at  100^ 
contains  C«Hg*0«.H«0. 

Mercorous  oxalate  is  insoluble  in  oxalic  acid,  easily  soluble  in  hot  nitric  add ;  in 
cyanide  and  snlphocranate  of  potasnmn,  it  dissolyes  very  easily,  with  separation  of 
metallic  mercniy;  it  is  also  somewhat  solnble  in  ammonia-salts.  Heated  with  oxalate 
of  potassium,  sodium,  or  ammonium,  it  foims  double  mercuric  oxalates,  with  separation 
of  mercury.  It  detonates  when  heated. — With  ammonia  it  forms  a  greyish-black 
powder,  supposed  by  Haiff  to  be  3Hg^.2NH".G'0' ;  it  does  not  howeyer  acppear  to  be 
of  constant  composition.    (Souchay  and  Lenssen.) 

Mercuric  Uxala  te.  C*H^O*. — Obtained  pure  as  a  white  amorphous  powder,  by 
adding  a  solution  of  mercuric  nitrate  to  excess  of  oxalic  acid,  or  by  prolonged  digestion  it 
yellow  mercuric  oxide  with  oxalic  add  (Souchay  and  Lenssen).  It  is  deoompooed 
hy  heat,  giying  off  carbonic  anhydride  and  metallic  mercury.  When  dry,  it  detonates 
yiolently  on  being  rubbed.  It  is  easily  soluble  in  hydrodiloric  add,  less  soluble  in 
cold  nitzic  acid,  insoluble  in  oxalic  add.  Decomposed  by  carbonate  and  phosphate  of 
sodium.  Heated  with  solution  of  sal-ammoniac,  it  gives  off  carbonic  anhydride,  and 
yields  oxalate  of  ammonium  and  mercurous  chloride.    (Souchay  and  Lenssen.) 

Ammonto-TMreuric  Oxalate,  OH^'(^S^)'0'.2H*0.— Predpitatedon  adding  recently 
predpitated  mercuric  oxalate  to  a  lulling  concentrated  solution  of  neutral  oxalate  qf  am- 
monium, in  white  microscopic  needles^  easily  decomposed  by  light  and  heat.  Loses 
12*6  per  cent  of  its  weight  at  100°,  and  decomposes  with  a  hissinff  noise  at  a  higher 
temperature,  leaying  no  reddue.  It  is  decomposed  by  water,  and  does  not  dissolye  in 
alconol  or  ether.    (Souchay  and  Lenssen.) 

Oxalate  of  Detror^nercurammonium  has  been  already  described  (iiL  918). 

Potaaeio-mercurie  Oxalate.  C«Hg''K*0*.2H'0.— Prepaied  like  the  preceding.  Small 
white,  beautifully  iridescent  ciystaBine  scales,  which  under  the  microscope  appear  like 
square  prisms.  It  is  decomposed  by  water  giyes  off  water;  and  turns  blade  at  100^; 
and  is  partially  decomposed  by  light.    (Souchay  and  Lenssen.) 

Mercuric  oxalate  does  not  dissdye  in  oxalate  of  sodium. 

Oxalate  of  Holtbdinuic  (Berselius,  Pogg.  Ann.  vi  848).  MolybtUms 
Oxalate. — Dark  {Krey  precipitate,  whidli  turns  black  when  dried,  and  is  sparingly  sol- 
uble in  excess  of  oxahc  acid. 

PotaseiO'Tnolybdoite  Oxalate  is  purple  and  soluble  in  water. 

Molybdic  Oxalate  crystallises  in  blackish-blue  crystals  when  the  aqueoos  solution  is 
left  to  eyaporate  roontaneously.  From  its  solution  in  water,  whidi  is  red,  ammonia 
throws  down  a  pale  brick-red,  basic  salt  insoluble  in  excess  of  ammonia. 

Potassio-molybdic  Oxcdate  formed  by  digesting  molybdic  hydrate  in  salt  of  sofrd  is 
soluble  in  water.     (Berzelius.) 

Molyhdoso-molyhdic  Oxalate,  Blue  oxide  of  molybdenum  dissolyes  in  oxalic  add, 
forming  a  blue  solution  which  leayes  a  blue  mass  when  eyaporated,  becomes  green 
when  (Sluted  with  a  small  quantity  of  water,  but  brown  on  being  mixed  with  a  laige 
quantity.     (Heyer,  CreU.  Ann.  1784,  ii.  14.) 

Oxaiato-molyldic  acid  is  formed  by  digesting  molybdic  trioxide  with  aqueous  oxalic 
acid.  The  solution,  which  is  colourless  eyen  when  the  molybdic  add  is  in  excess,  yields 
on  eyaporation  a  colourless  jelly  which  becomes  crystalline  without  ftirther  desdcation, 
dissolyes  in  water,  and  with  yellow  colour  in  alcohol  (Berzelius.)  The  aqueous  solu- 
tion of  salt  of  sorrel  readily  dissolyes  molybdic  add,  fonning  a  non-crystallisable 
oxalatO'tnolybdate  of  potassium,    (Berzelius.) 

Oxalate  of  Nickel,  C^i''0*.2H<0.  Greenish-white  predpitate  insoluble  in 
water,  soluble  in  ammonia  and  in  ammoniacai  salts.  It  dissolyes  also  in  potash,  form- 
ins  a  crystaUisable  potassiO'tiickel-oxalate. 

Neutral  oxalate  of  ammonium  dissolyes  oxalate  of  nickel,  and  the  solution  yields  by 


Oxalate  of  Nickel-cobalt-ammoniuiftf  (see  p.  268). 

Oxalate  of  Palladiuv. — Alkaline  oxalates  added  to  a  solution  of  palladiouB 
nitrate,  form  a  light  yellow  predpitate. 

Ammonio-palladious  Oxalate,  OPd"(NH*)*0».2H«0,  obtained  by  dissolying  hydrate  or 
carbonate  of  palladium  in  acid  oxalate  of  ammonium,  crystallises  in  bronze-yAllow  rhom- 
boi'dal  prisms  containing  2  at  water,  or  sometimes  in  needles  containing  8  at.  water. 

Oxalates  of  Platinum,    o.  PlaHnous  «a/^.— Platinate  of  sodium  dissolres 
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in  ▼arm  aqaeons  oxalic  acid,  carbonic  anhydride  being  cTolved,  and  the  platinic  oxide 
reduced  to  platinooa  oxide.  The  solution,  which  has  first  a  red,  then  a  violet^  and 
ultimately  a  deep  indigo  colour,  depositB  dark  oopper^ooloured  needles,  which  were 
supposed  by  Dobereiner  (who  did  not  analyse  them)  to  be  platinons  oxalate ;  bnt, 
according  to  Souchay  andLenssen,  they  contain  44*4  per  cent,  platinons  oxide,  and  12*00 
soda,  am^ng  nearly  with  the  formula  of  sodio-plaiinous  oxalaiCj  C^Na'Pt''0".2H'0. 
This  But,  when  moist,  is  decomposed  by  exposure  to  the  air ;  it  difisolTes  in  hot  water, 
forming  a  greenish  solution,  which  becomes  blue  on  evaporation,  and  is  decolorised  by 
hydrochloric  add.  It  is  insoluble  in  alcohol  and  in  ether  (Souchay  and  Lenssen). 
It  explodes  when  heated.    (Dobereiner.) 

fi,  Platinic  salt. — ^According  to  Beigmann,  the  precipitate  formed  by  soda  in  solution 
of  platinic  chloride  dissoWes  in  oxalic  acid,  forming  a  yeUow  solution  which  yields 
crystals  of  the  same  colour ;  but  they  have  not  been  analysed. 

The  oxalates  of  the  platinammoninms  will  be  described  under  Pi^tinux-basbs. 

OXAI.ATBS  OF  PoTAssiTTH.  o.  Neutrol  Salt,  0*K*0*.H*0. — Obtained  by  saturat- 
ing either  of  the  acid  salts  with  carbonate  of  potassium.  It  forms  transparent  crystals 
Teiy  soluble  in  water,  insoluble  in  alcohol,  and  giving  off  their  water  (9*7  per  cent)  at 
160^.  The  ci^tals  are  monodinic,  and  often  have  their  faces  twisted,  so  that  they 
exhibit  concavities  and  convexities.  Dominant  faces,  -f  P  .  —  P  .  oopoo  .  -^  Poo  . 
—  Poo  .  oP.  Batio  of  axes,  a.hie  ta  0*6748  :  1  :  1*1572.  Angle  of  axes,  6  :  0  » 
69-50;  +  Poo  :  ooPflO  »  ISO®  36';  -  Poo  :  ooPop  »  148®  20';  +  Pop  :  oP  - 
II80  40';  -  Poo  :  oP  -  142°  10*;  -  P:  oP  -  126°  10';  +  P  :  oP  -  106°  54'; 
+  P :  -  P  «  127®  10';+  P :  ooPoo  II30  36';  -  P :  ooPoo  =  about  129*'  (De  la 
Provost  aye,  Ann.  C%.  Phys.  [S]  iv.  464).  According  toB^rard,  neutral  potassic 
oxalate  sometimes  eiystallises  with  3  at.  water.  

fi.  Acid  salt,  Dioxalate  or  Binoxalate  of  Potassium,  Salt  of  Borrd,  C^HKO^ — 
This  salt  is  contained  in  the  juice  of  various  spedes  of  Butiux  and  Oxalis,  whence  it 
mav  be  extracted  by  clarifying  the  juice  with  clay,  white  of  egg,  or  bullock's  blood, 
and  leaving  the  dear  liquor  to  crystallise ;  it  is  prepared  by  this  process  in  large 
quantities  in  the  Black  Forest.  It  may  also  be  prepared  by  partially  neutralising 
oxalic  add  with  carbonate  of  potassium.  It  forms  transparent  crystals  which  have  a 
sour  taste,  redden  litmus,  dissolve  sparingly  in  cold  water,  and  in  14  pts.  of  boiline 
water  (Wen  z  el);  in  4  pts.  of  boiling  water  (fVeltsien's  Syst);  in  40  pts.  of  cold 
and  6  pts.  of  boiling  water  (Berg,  Lekrb.),  nearly  or  quite  insoluble  in  cold  alcohol, 
soluble  in  84  pts.  of  boiling  alcohol  (see  Stor  er'  s  Dictionary  of  SolubiUties,  p.  428). 

The  crystatB  of  saltof-sorrel  are  commonly  said  to  contain  1  at  water ;  &HKO^ 
H*0.  According  to  De  la  Pro  vostaye  (loc,  et^.)  they  probably  belong  to  the  trimetric 
eystem,  havine  &eir  axes  in  the  ratio  0^9494  :  1 :  4*123  and  exhibiting  the  combina- 
tion f  00  .  QoPoo  .  oopoo  .  ?oo  .  Pf  .  PJ.  Angle  ?oo  :  ooPoo  -  103°  88';  ootoo  : 
^00  »  1330  26';  Poo  :  Poo  «  132°;  Poo  :  PJ  «  130°  86';  Poo  :  Pf  «  about 
1490  SC;  Poo  :  P^  «  127°  60. 

Aocor^ng  to  Rammelsberg  (Pogg.  Ann.  xdii.  24),  the  crystals  obtained  by  half 
saturating  oxalic  acid  with  carbonate  of  potassium  contain  4C^£0*.H'0,  and  are 
trimetric,  having  their  axes  a\h:o^  0*9478  :  1  :  0*6876,*  and  exhibitinp^  the  combi* 
natioD  P  :  2P.  ooP .  odPoo  .  oP  :  7Poo ,  only  half  of  the  pyramidal  and  msmatic  &ces 
however,  being  commonly  present.  Angle  oP:7Poo  m^  103°40';7P»  :  7* oo  (basal)  = 
162°  40' ;  2P  :  ooP  «  149°  39';  P  :  oP  «  139'^  30'.     Cleavage  perfect  paralld  to  oP. 

Accorduig  to  Harignac  {Recherches  sur  les  formes  cristaUines  de  quelgtus composes 
ehimiqties,  Qen&ve  1866 ;  Jahresb.  1866,  p.  462),  the  ordinary  cxystals  of  salt-of>sorrel 
are  aanydrous  {KPJtlKO*),  and  belong  to  the  monodinic  system  exhibiting  the  combination 
ooP  .  ooPoo  .  [  ooPoo  ]  .  oP  .  [Poo  ]  .  [2Poo  ]  .  P  .  +  2P2  +  JPoo .  Angle  ooP  :  ooP 
(dinod.)  =  162°  36*;  [Poo]  :  [Poo ]  (clinod.)  -  119°  40  ;  r2Poo]  :  [2Poo]  (cUnod.) 
=  81°  24';  oP:  ooPoo  *  133^29';  oP :  ooP  -  131°  6r;  [ooPoo]:  [P<»1-  120° 
10^;  [ooPoo]  :  +  2P2  «  122°  IS'.f  Cleavage  very  easily  paralld  to  ooPoo  ;  less 
easily  parallel  to  [  ooPoo  ]. 

In  prepiuring  potasdo-antimonic  oxalate  (p.  262),  Bammdsberg  obtained  crystals  of 
add  potassic  oxalate  containing  2C*HK0*.H'0.  These  crystals,  which  effloresced  very 
qniduy,  were  trimetric  prisms  exhibiting  the  combination  ooP  .  oop2  .  ooPoo  .  P . 
3P3.  Ratioofaxe8,a:6:c  -  0*4690:1:61969.  Angle  ooP :  ooP  «  130°  42'. 
These  measurements  have  been  confirmed  by  Marignac. 

Add  oxalate  of  potassium  is  used  as  a  weak  acid  for  scouring  metals;  also  for 
removing  ink-stains  and  iron-mould,  the  double  oxalate  of  iron  and  potaauum  being 
soluble  in  water. 

»  In  De  la  Pravoftaje*«  neuonmenU,  the  primarr  foriD  ii  a  pyramid  with  lU  axis  ieren  timet  as  loog 
SM  In  iboM  of  BammeUberg. 

t  The  beet  bera  denoted  bf  [oDPao]  and  -f  IP9  were  regarded  by  Rammelaberg  ai  b'.longing  to  a 
rhoaMe  pritm. 
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Hyperacid  salt  Tetroxalaie  or  QuadroxidaU  of  Potamum,  C«H*E0*.2H*0  or 
C*HK0*.C«H«0*.2H=0.— ThiB  salt  discorered  by  Sayary  and  Wiegleb,  and  analyMd 
by  WoUaston  (Piiil-  Trana.  1808,  p.  99),  is  prepared  by  saturating  1  pt  of  oxalic  add 
with  carbonate  of  potassium,  adding  3  pts.  of  oz^c  add  and  leaving  the  solution  to 
ciystallise.  A  solution  of  equal  parts  of  oxalic  add  and  chloride  of  potassium  also 
deposits  this  salt  in  crystals  on  cooling.    ^Anderson,  Chem.  Soc  Qu.  J.  i.  231.)^ 

Hyperacid  oxalate  of  potassium  crystallises  in  beautifid  tridinic  prisms,  sometimes 
of  large  dimensions.  Dominant  combination  od^'P  .  oopoo  .  ooP/  .  od]^oo  .  2  P  od  . 
oP  .  2^00 ,  with  the  secondary  faces  4^,  oo ,  4Foo ,  F,  'P,  ^F,  FJ,  oo 'Pj,  p. 
Axes  a:  b:o  —  210044  :  3*2555 :  1,  the  axis  a  being  supposed  yertical,  b  directed 
from  left  to  right,  o  towards  the  observer.  Angles  of  the  axes  a  —  96^  IST ;  /i  ■* 
79029';  7  -  97°  5'.  Inclinations  of  faces  oP  :  odP/  -  82°  80';  ool^oo  00 p;  . 
111°  20';  P;  :  oo/P  «  146o  SS*;  oP  :  2;P'qo  -  144«  80*;  2T,  00  :  ooPoo  - 
119°  26*;  oP:  2,F  oo  -  148<»  lO';  2^oo  :  odSoo  -  127°  56'  (De  la  Provostaye, 
loe,  oit.  The  measurements  have  been  confirmed  by  Bammelsbero;).  The  crystals  dis- 
solve in  20*17  pts.  water  at  20°  and  give  off  their  water  of  ciystallisation  at  128°. 

According  to  B^rard,  this  salt  is  sometimes  met  with  in  commerce  as  salt  of  sorrel, 
according  to  GhneHn,  when  the  latter  is  prepared  by  half  neutralising  oxalic  acid  with 
carbonste  of  potsssium. 

OXA.1.ATB8  OF  KuBiDiux.  The  neutral  salt,  G'Bb*0\H*0,  erystalUsesbyslow 
evaporation  of  a  cold  saturated  solution,  in  irregular  imperfectly  developed  monodinie 
crystals  isomorphous  with  those  of  the  neutral  potassium-salt  and  exhibiting  the  com- 
bination P  .  odPqo  .  +  Poo  .  oP.  The  inclinations  of  the  faces  are  approximatdy 
+  P:  +  P(cUn.)  »  73°;  -  P:  +  P  (basal)  -  122  to  113J*»;  ooPoo  :  -  P  - 
129°  to  130°.      (Piccard,  J.  pr.  Chem.lxxxvi.  449.) 

The  acid  salt,  C*HRbO\  forms  small  monodinie  crystals,  isomorphous  with  the  add 
potassium-salt,  and  generally  exhibiting  the  combination  ooP  .  f  odPoo  ]  .  [Poo  1 . 
[2Pco]  .  oP.  Approximatdy,  ooP :  ooP  (din.)  -  152°  SO';  [Poo]  :  [Poo  ],  in  tLe 
same  »  122° ;  [2Pao  ]  :  [  ooPoo  ]  «  137°  45'.  The  prismatic  faces  are  vertically 
striated.     (Piccard.) 

The  hyperacid  salt,  G*H'RbO^  is  obtained  in  large  crystals  hy  dissolving  the  add 
salt  in  dilute  nitric  acid,  and  leaving  the  solution  to  evaporate.  (Grandeau,  Ann.  Ch. 
Phys.  [3]  Ixvii.  155.) 

OzALATB  OF  SiLTBR.  C^Ag'O^ — Obtained  pure  and  anhydrous  as  a  white 
cryBtalline  predpitate,  by  adding  oxalic  add  to  nitrate  of  silver.  It  is  very  sparingly 
soluble  in  cold,  somewhat  more  in  hot  water,  perfectly  insoluble  in  alcohol  and  ether. 
It  dissolves  readily  in  ammonia  and  carbonate  of  ammonia ;  the  solution  turns  brown 
when  exposed  to  light,  and  when  slowly  evaporated  in  the  dark,  yields  the  oxalate  of 
silver  in  large,  hai9,  shining  prisms.  It  decomposes  between  110^  and  150°,  and  de- 
tonates when  suddenly  heated.  With  iodide  of  methylene,  oxalate  of  silver  yields  dioxy- 
methylene,  C^H^O*  together  with  iodide  of  silver  and  a  mixture  of  carbonic  anhydride 
and  carbonic  oxide  (Butlerow,  iii.  1006)— With  chloride  of  bensyUne,  C^*Cl\  it 
yidds  by  a  similar  reaction,  bitter  almond  oil : 

C'HK:JI«     +     C»Ag*0*       =       CH'O     +     2Aga     +     CX)«     +     O. 
With  iodide  of  ethylene,  on  the  contrary,  it  yields  nothing  but  iodide  of  silver  and  a 
mixture  of  carbonic  anhydride  and  carbonic  oxide : 

C«H*I«     +     C«Ag«0*       -      2AgI     +     CO*     +     CO. 
Similarly  with  bromde  ofamylene.     (Oolowkinsky,  Ann.  Ch.  Pharm.  exi  262.) 

(C^OY)^* 
Ammonio-oxalate  of  Silver,  4NH*.C'Ag'0^  «      Ag*    V^,  is  obtained  as  a  spongy 

tumefied  mass  by  psssing  dry  ammonia-gas  over  dry  oxalate  of  silver.  It  is  easily 
soluble,  has  an  alkaline  reaction,  and  is  decomposed  by  adds  with  separation  of  oxalate 
of  silver.    (Soachay  and  Lenssen.) 

OxALATBS  OF  SoDiTTic  The  ncutrol  salt,  C'Na*0\  occurs  in  a  great  number  of 
plants,  and  is  found  in  Tarech,  by  the  incineration  of  which  carbonate  of  sodium  ia 
obtained.  It  is  anhydrous  and  difficult  to  obtain  in  regular  arstals.  1  pt  of  it  dissolves 
in  26*78  pts.  water  at  21*8°,  and  in  16  pts.  of  boiling  water  (Pohl) ;  in  86*4  pts.  water 
at  ordinary  temperatures  and  24*6  pts.  boiling  water.     (Bammelsberg.) 

The  acid  oxalate,  CHNaO^H'O,  forms  crystals  which  redden  litmus. 

Sodio'potassic  oxalate  has  not  been  obtained.  A  boiling  solution  of  salt  of  soirel 
neutralised  with  carbonate  of  sodium  yields  on  cooling  or  evaporation  nothing  but 
neutral  oxalate  of  sodium.     (Rammelsberg.) 

OxALATBS  OF  STBOifTtUM.  The  neutral  salt,  CSr^O^HK),  obtained  by  pfre- 
cipitating  a  strontium-salt  with  a  neutral  alkaline  oxalate,  is  a  white  powder  soluble  in 
19*20  pts.  of  boiling  water,  sparingly  soluble  in  cold,  easily  in  hot  solutions  of  chloride 
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or  nitrate  of  ammomum ;  retains  its  water  of  crystallisation  at  100°.  Wicke4(Ann. 
Ch.  Phann.  zc  108),  by  precipitating  nitrate  of  strontium  with  oxalic  acid,  obtained 
a  salt  in  microscopic  sqoare-based  octahedrons  containing  CSi^'O^SH'O. 

Acid  9alt — Clapton  (Chem.  Soc.  J.  vi  123\  by  miadng  concentrated  solutions  of 
oxalic  acid  and  chloride  of  strontium,  obtained  ciystals  intermediate  in  composition 
between  the  neutral  and  acid  oxalates  of  strontium.  Souchayand  Lens  sen  once 
obtained  a  salt  containing  C«Sr"0«.C*H*0^2H«0  or  OH"Sr''0».2H«0,  by  mixiM  a 
rather  strong  solution  of  chloride  of  strontium  with  1  or  2  measures  of  strong  hydro- 
chloric add,  and  8  or  4  measures  of  solution  of  oxalic  acid  saturated  at  60°.  After 
standing  for  some  days  at  0°,  the  liquid  deposited,  together  with  oxalic  acid  and  the 
neutral  salt,  crusts  of  an  acid  salt,  consisting  of  highly  lustrous  prismatic  crystals 
with  pyramidal  summits,  mostly  united  in  geodes.  These  crystals  efBoresced  in  the 
air,  and  were  resolyed  by  water  into  free  oxalic  acid  and  the  neutral  salt.  They  gaye 
by  analysis  34*0  per  cent,  strontia,  the  formula  requiring  34*4  per  cent. 

Oxalate  op  Tantalum  ?  Oxalic  acid  dissolves  only  a  trace  of  tantalic  oxide, 
but  salt  of  sorrel  dissolves  it  in  considerable  quantity,  forming  a  colourless  solution 
from  which  alkalis  throw  down  tantalic  oxide.    (Berzelius.) 

OxALATB  OF  Tellubium?  Oxalic  acid  dissolves  telluric  hydrate,  and  the 
solution  yields  radiate  crystalline  grains  which  dissolve  easily  and  without  decomposition 
in  water.    (Berzelius.) 

Oxalates  of  Thallivil  The  neutral  salt,  CTI*0\  is  prepared  by  boiling 
together  equivalent  quantities  of  thallic  carbonate  and  oxalic  acid  in  just  sufficient 
water  to  dissolve  the  product  while  hot.  On  cooling,  the  oxalate  crystallises  in  small 
white  lustrous  prisms  (Crookes,  Chem.  Soc.  J.  xvii.  160) ;  in  small  nearly  right-angled 
four-sided  lammse  (Ku  him ann,  Compt.  rend.  Iv.  607).  It  dissolves  in  69*3  pts.  water, 
at  lo'd®  and  in  11  pts.  boiling  water ;  insoluble  in  alcohol.  Hydrochloric  acid  converts  it 
into  a  spongy  mass  of  chloride  of  thallium.  It  may  be  heated  to  271^  without  appre- 
ciable loss  of  weight ;  but  decomposes  at  a  red  heat,  leaving  a  mixture  of  oxide  and 
metallic  thallium.    (Crookes.) 

The  acid  salt,  C'HTIO^H'O,  crystallises  in  large  pearly  plates  which  are  slightly  efSor- 
esrent  and  give  off  their  water  at  138°.  Dissolves  in  18*7  pts.  water  at  16*6^  and  in 
l«*8s  than  its  own  bulk  of  boiling  water,  forming  a  syrupy  solution.  It  is  strongly  acid 
to  test-paper.     (Crookes.) 

Oxalate  of  Thorinuic.  CTh'O^H'O. — Heavy  white  precipitate  insoluble  in 
water,  very  slightly  soluble  in  oxalic  acid  or  in  dilute  mineral  acids.  (Berzelius. 
Chydenius,  Fogg.  Ann.  cxix.  43.) 

Pc  tassio-thorinic  oxalate.  White  precipitate  insoluble  in  water  and  in  aqueous  oxalic 
acid.  Toms  black  when  ignited,  and  then,  if  in  contact  with  the  air,  leaves  a  white 
mixture  of  thorina  and  carbonate  of  potassium.     (Berzelius.) 

Oxalates  of  Tin.  a.  Stannous  salts.-^The  salt  C^Sn  0*  is  obtained  easily 
and  in  laree  quantity  by  pouring  a  solution  of  tin  in  acetic  acid  into  boiling  aqueous 
oxalic  acia.  The  stannous  oxalate  being  nearly  insoluble,  separates  immediately  in 
shining  neutral  anhydrous  needles  resembling  artificially  crystallised  calcic  sulphate.  It 
is  insoluble  in  cold  water,  and  is  oartially  decomposed  by  boiling  water,  with  production 
of  a  white  salt  ^Hausmann  ana  Lowenthal,  Ann.  Ch.  Pharm.  Ixxix,  104).  This 
salt  treated  witn  warm  caustic  ammonia  yields  white  stannous  hydrate,  but  with 
a  somewhat  concentrated  solution  of  caustic  potash,  it  yields  anhydrous  stannous  oxide. 
Hydrochloric  add  at  the  boiling  heat  dissolves  an  almost  unlimited  quantity  of  stannous 
oxalate ;  and,  as  the  solution  cools,  the  whole  of  the  oxalic  acid  is  deposited  in  crystals, 
while  stannous  chloride  remains  in  solution ;  but  if  a  little  water  be  added  to  the 
solution,  stannous  oxalate  crystallises  out.    (B.  Bottger,  J.  pr.  Chem.  Ixxvi.  288.) 

Stannous  oxalate  dissolves  in  the  oxalates  of  ammonium,  potassium,  and  sodium, 
forming  double  salts. 

AmTwrnio'Stannous  oxalate^  C*Sn''(NH*)*0*.H*0,  is  obtained  by  dissolving  stannous 
oxalate  in  a  boiling  concentrated  solution  of  oxalate  of  ammonium,  and  mixing  the  solu- 
tion when  cold  with  alcohol.  It  then,  after  some  time,  deposits  the  double  salt  in  stellate 
groups  of  needles  which  effloresce  in  the  air,  are  insoluble  in  alcohol,  and  have  a  very  sweet 
taste.  The  concentrated  solution,  when  left  to  itself  for  some  time,  deposits  stannous 
oxalate  (HausmannandLowenthal).  This  salt  is  isomorphous  with  the  potas- 
sium-salt (tn/.);  it  fuses  and  detonates  when  heated.  (Bouquet,  Ann.  Ch.  Pharm. 
Ixiv.  278.) 

Potassio-siannous  oxalate.  Obtained :  1.  By  dissolving  recently  precipitated  stan- 
Doas  oxalate  in  a  hot  concentrated  solution  of  neutral  oxalate  of  potassium ;  purified  by 
recrystallisation  (Hausmann  and  Lowenthal). — 2.  By  treating  add  oxalate  of 
potassium  with  a  large  excess  of  stannous  oxide  (Bouquet). — Transparent,  colourless 
priamatic  crystals  wUch  dissolve  readily  in  hot  water,  less  readily  in  cold  water,  and 
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ore  inaolnble  in  alcohol  (HansmannandLowenthal). — ^Bouquet's  salt  forms  laig« 
colourless  ciystalfl,  which  dissolTS  readily  in  cold  water,  forminff  a  eolation  which  be- 
comes milky  after  a  whiles  and  decomposes  qoiokly  when  boiled,  yielding  first  a  white 
selatinons  and  afterwards  a  black  precipitate.— The  salt  has  a  strong  sweet  taste,  but 
ieaves  a  bitter  after-taste.  It  reddens  litmns,  and  is  not  decompos^  when  heated  at 
100°  in  contact  with  the  air.    (Hansmann  and  Lowenthal.) 

Sodiostannotu  oxalate.  Prepared  like  the  potassium  salt  which  it  resembles  (H.  and 
L.).    Anhydrous  and  crystaUisiable  (Bouquet) 

fi.  Stannic  salt.  Recently  prepared  stannic  oxide  (obtained  by  precipitating  a  solu- 
tion of  stannic  chloride  with  sulphate  of  sodium)  diBsolyes  readily  in  warm  oxalic  acid, 
and  a  nearly  saturated  solution  yields  by  eraporation  white  shining  laminae  containing 
variable  quantities  of  stannic  oxide,  and  becoming  by  repeated  crystallisation  con- 
tinually poorer  in  that  substance,  till  at  length  pure  oulic  acid  crystallises  out.  The  same 
solution  yields,  with  sulphuric,  nitric  or  hydrochloric  acid — also  with  alkalis,  alkaline 
carbonates,  chlorides,  nitrates,  sulphates,  &c. — ^white  precipitates  soluble  in  water  and 
containing  12SnO'.C*OM2H^.  The  precipitate  formed  by  the  fixed  alkalis  or  their 
carbonates  becomes  insoluble  in  water,  when  left  in  contact  with  it  for  some  time  or 
heated  with  it.    (Hausmann  andLowenthaL) 

OXALA.TV  OF  Titanium.  Precipitated  in  the  form  of  a  curdy  mass,  on  boiling 
an  aqueous  solution  of  a  titanic  salt  mixed  with  oxalic  acid  (Laugier).  Any  ferric 
oxide  that  may  be  contained  in  the  liquid  remains  in  it  for  the  most  part     The  dried 

Precipitate  imparts  to  moist  litmus-paper  a  red  tint,  which  nearly  disappears  on  diying. 
*he  precipitate  is  soluble  in  excess,  both  of  aqueous  oxalic  acid  and  of  nydrochlorate  of 
titanium.    Contains  12TiO«.C*TiO«.12H«0.    (H.  Kose.) 

0XAI.ATB8  OF  Ubanium.  o.  Uranous  salta. — Uranous oxalate,  CTJ''0*.3H*0, 
is  a  ffreenish-white  precipitate  obtained  by  mixing  a  solution  of  uranous  chloride  with 
oxalic  acid;  gives  off  2  at  water  in  vacuo. 

Ammonio-uranoua  oxalate.  C^(NH^)*n''0'  is  obtained  in  crystals  by  boiHng  recently 
precipitated  uranous  hydrate  in  a  solution  of  acid  oxalate  of  ammonium  (Rammels- 
berg). — PotasHo-ttranous  oxalate  obtained  in  a  similar  manner  is  a  grey  powder. 

fi.  Uranio  salts.  Uramc  oxalate  or  Oxalate  of  Uranyl,  C^UK)*)"0*.3H«0,  is  de- 
posited in  crystalline  grains  on  mixing  a  warm  concentrated  solution  of  uranic  nitrat«  with 
oxalic  acid,  and  leaving  the  solution  to  cooL  The  aii^dried  salt  heated  to  100° — 120° 
gives  off  nearly  9  per  cent.  (2  at.)  water,  which  it  takes  up  again  on  exposure  to  the 
air ;  at  300°  the  mono-hydrated  salt  turns  brown  and  is  converted  almost  instantly, 
with  evolution  of  water  and  carbonic  anhydride,  into  a  copper-coloured  powder  of 
uranous  oxide,  which  by  ignition  in  the  air  is  converted  into  green  uranoso-uranic 
oxide:  C\U«OTO*  -  2U0   +   2C0*.     (Ebelmen,  Ann.  Ch.  Phys.  [3]  v.  189.) 

Uranic  oxalate  is  nearly  insoluble  in  cold  water,  dissolves  in  30  pts.  of  boiling  water, 
is  more  soluble  in  acids,  and  dissolves  easily  in  the  oxalates  of  ammonium  and  potas- 
sium, forming  double  salts  which  crystallise  on  cooling. 

Ammonio-uranic  oxalate,  C*(NH*)'(XJ*0')''0*.4H*0,  is  obtained  in  fine  transparent 
yellow  crystals  by  dissolving  uranic  oxalate  in  warm  aqueous  ammonia  (P^ligot).  The 
crystals  are  trimetric  prisms,  exhibiting  the  combination  Foo .  oof  oo .  oof  2  .  ooP.  oofoo  . 
Axes  fl  :  6  :  c  =  0*6686  :  1 :  0-6941.  Angle  f  oo  :  foo  =  112°  28' :  oof «  :  oofs  = 
139°  65' :  oof 2  :  ooP  «  160°  46' :  foo  :  oof 2  «=   116°  16';  f oo  :  ooP  »   106°  30^. 

Potassio-uranie  oxalate,  C*K'(U'0')"0*.3H*0,  forms  monodinic  prisms  permanent  in 
the  air  and  giving  off  all  their  water  of  crystallisation  at  100°.      Dominant  &ces  oop, 
ooPoo,  oP.     Angle  ooP  :   ooP  -  131°  2^ ;   ooP  :   ooPoo    -  114°  20";  ooP  :  oP  « 
111°  28'.    (Ebelmen.) 

Oxalates  of  Vavadiuil — VantuLie  oxalate. — Aqueous  oxalic  acid  saturated 
with  hydrated  vanadic  oxide  yields  on  evaporation  a  light  blue,  translucent  gum,  which 
dissolves  slowly  in  cold  water,  more  quickly  in  hot  water.  The  aqueous  solution  mixed 
with  a  large  quantity  of  oxalic  acid  yields  by  spontaneous  evaporation  blue  crystals 
readily  soluble  in  water.    (Berzelius,  Poge.  Ann.  xxii.  33.) 

Potassuhvanadic  oxalate.  Salt  of  sorrol  saturated  with  hydrated  vanadic  oxide 
dries  up  to  a  dark  blue,  amorphous  varnish,  which  dissolves  slowly  in  water.  (Ber-^ 
zelius.) 

Oxalo-vanadic  acid.  When  vanadic  oxalate  is  evaporated  with  nitric  acid,  and  the 
residue  treated  with  water,  the  greater  part  dissolves,  forming  a  yellowish-red  solutiozi, 
which  on  evaporation  leaves  oxalo-vaBadic  add  in  the  form  of  a  reddish-fellow,  amor- 
phous extract^  likewise  soluble  in  water.  An  excess  of  oxalic  add  immediately  reduces 
the  vanadic  add  to  vanadic  oxide.    (Berzelius.) 

Oxalate  of  Yttrium,  C*Y*'0*.3H'*0. — ^White  precipitate,  bulky  and  curdy  at 
first,  but  shrinking  together  after  a  while ;  insoluble  in  water,  aqueous  oxalic  and  dilute 
hydrochloric  add,  but  soluble  in  nitric  and  in  strong  hydrodiloric  acid  (Berlin). 
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This  deflcriptioii  applies  strictlj,  not  tapure  oxalate  of  yttriTmi,  but  to  a  miztnre  of  the 
oxalates  of  yttrium,  erbium,  and  terbium ;  the  pure  yttrium-Bait  is  more  soluble  in 
acids  than  the  oxalates  of  erbium  and  terbium,  a  property  which  affords  the  means  of 
separating  yttria  from  erbia  aiid  terbia.    (Mosander.) 

Oxalate  of  yttrium  and  potassium,  C*£'Y*'0',  is  a  heavy  white  precipitate,  insol- 
uble in  water. 

OxAXATB  OF  ZiNO.  CZn''0^2H*0. — ^White  precipitate,  insoluble  in  water,  sol- 
uble in  hydrochloric  acid  and  in  ammonia,  also  in  a  warm  solution  of  sal-ammoniac. 

Oxalate  of  tine  and  ammonium. — a.  Deposited  in  needles  when  oxalic  acid  is 
added  to  an  aqueous  solution  of  chloride  of  rinc  supersaturated  with  ammonia.  (Wack- 
enroder,  Ann.  Gh.  Pharm.  x.  63.) 

fi.  When  an  aqueous  solution  of  acid  oxalate  of  ammonium  is  digested  with  car- 
bonate of  zinc  till  it  is  completely  saturated,  oxalate  of  zinc  separates  out,  and  the  fil- 
trate when  eyaporated  leaves  milk-white  nodules,  containing  G*(NH*)*Zn"0".3H*0, 
which  slowly  effloresce  and  ^ve  off  water,  are  nearly  insoluble  in  cold  water,  but  are 
decomposed  by  hot  water,  with  separation  of  carbonate  of  zinc.  (K  ay  ser,  Pogg.  Ann. 
Ix.  140.) 

Oxalate  of  sine  and  potassium,  G^K'Zn''0'.4H*0. — ^A  concentrated  solution  of 
normal  oxalate  of  potassium  boiled  for  some  time  with  oxalate  of  zinc,  and  then  filtered, 
yields,  on  cooling,  small  transparent  efflorescent  tables,  nearly  insoluble  in  cold  water, 
and  decomposed  by  boiling  water,  with  separation  of  oxalate  of  zinc.    (Kayser.) 

OxAi.ATn  OF  ZiBOONiu X. — Oxalio  acid  and  oxalate  of  ammonium  added  to  solu- 
tions of  ziroonium-salts,  throw  down  a  white  opaline  flaky  precipitate,  insoluble  in 
water  and  in  boiling  aqueous  oxalic  add.    (Dubois  and  Silveira.) 

OZA&ZC  ACZH*  A1HTDBS  OV.  Oxalic  add,  like  other  dibasic  acids  of  the 
series  OH**''H)^  should  yield  four  normal  amides  by  elimination  of  water  firom  its 
add  and  neutral  ammonium-salts,  thus : 

Add  ammoDliim-Mlt.  H     3 

* , / 

Ozamic  acid. 

CW(NH*)0*      -      2H«0        »        0«HNO»  -       (^*)*{n. 

Add  amiiioniam-MU.  .  '    , 

Oximide  (anknown). 

C\^rS*yO*    -    2HK)        -       C«H*N»0«       -       ^^S?"|n« 

Nentrftl  ammo-  . *^    . 

niam-ult.  _ — »    .  "^ 

Oxamide. 

C«(NH*)«0«     -     4H«0         -         C*N«. 
Keutral  ammo-  OxanitrUe 

nlum-ialt.  (Cyanogen). 

The  hydrogen  in  oxamic  add  and  oxamide  may  be  more  or  less  rq>laced  hy  aloohol- 
Tadidee,  thus  giving  rise  to  alkalamides,  e.y.  Methyl-oxamic  add,  CH*(CH')NO*; 
diethyloxamide,  C*H^C*H*)'NK)',  &c    (See  Oxamio  Ethbbs  and  Oxaicidb.) 

There  is  also  a  number  of  other  bodies,  chiefly  derivatives  of  uric  add,  which  may  be 
Kgarded,  with  respect  to  their  constitution  and  transformation,  but  not  to  their  mode 
of  formation,  as  amides  of  oxalic  add  of  a  more  complex  character,  namely  as  deriving 
from  two  or  more  molecules  of  oxalio  acid  by  addition  of  ammonia  and  abstraction  of 
water,  s^. 

(C«0*)") 
2C*H«0*     +     2NH»     -     4H»0         -         C*H*N«0*        »         (C»0*)"[N« 

H«    > 

Dioxaljlamide  or  Alloxan. 

20«H«0*     +     2NH*    -     3H«0        -        OH*N«0»        =        (C*0*)">n 

Diozalylamfc  add  or  Alloxanic  acid. 

Other  compounds  of  the  same  family  may  be  derived  in  a  simOar  manner  from  a 
molecule  of  oxalic  add  and  a  molecule  of  another  add,  thus : 

C»H«0*     +     C0«     +     2NH»     -     3HP0         -        C"H«N*0»  Parabanic  add. 
CBH)*     +     C0«     +     2NH«     -     2HH)         -        C«H*N«0*  Oxaluric  add. 
Oxalic  add.      Carbonic 
anhydride. 

C^«0*     +  CH«0«  +     2NH«    -     3H-0        -        C»H*NK)«  Parabanic  add. 
2CHKH     +  CHH)»  +     4NH«    -     7H«0        -        C*H<N«0»  Uric  add. 
Oxalic  add.      Fonaic  add. 
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0«H«0<    +    CH«0«     +     C0«     + 
2C«H«0*    +    CH«0«     +     CO*     + 


Oxalic  acid. 

C«H«0*    + 

3C«H*0*    + 
Oxalic  add. 


Formic 
acid. 


Carbonic 
anhydride. 


C*H»0«    +   2NH«    - 
C«H«0«    +  4NH«    - 

Glyoxallc 
acid. 


4NH» 
4NH* 


3H«0 
8H«0 


6H*0 
7H«0 


OH«N«0»  AUantouL 
C^«N*0»  Oxalimtiii. 


C*H*NK)*  Dialaric  add. 
C»HWO»  Alloxantin. 


C«H«0«    + 

C»H«0*    + 
Oxalic  acid. 


-  6H«0 

-  6H«0 


C»H<N«0»  Uric  add 
C*H«N<0*  Piieudo- 
uric  add. 


C«H«0»    +     C0«     +     4NH« 

C«H*0«    +     C0»     +     4NH« 
Glyoxalic         Carbonic 
acid.  anhydride. 

All  these  compounds  have  been  or  will  be  described  in  their  alphabetical  places. 
See  also  Ubio  Acm,  Dbbivatiybs  of. 

OZAAZO  XTBBB8.  Oxalic  add  forms  witb  monatomic  alcohol-radides  two 
series  of  ethers,  analoffous  to  the  neutral  and  acid  metallic  oxalates.  Onlj  those  of 
methyl,  ethyls  amyl  and  allyl  have  however  been  yet  obtained. 

The  neutral  ethers  of  the  monatomic  alcohol-radicles  are  produced  by  the  action  of 
dehydrated  oxalic  acid  on  the  corresponding  alcohols,  or  by  distilling  the  alcohols  with 
sulphuric  acid  and  oxalic  acid  or  an  oxalate ;  or  by  passing  hydrocUoric  add  ^as  into 
a  solution  of  oxalic  acid  in  the  alcohoL  They  are  volatile  without  decomposition  in 
the  dry  state,  but  in  presence  of  water,  bases,  or  acids,  they  are  easily  resolved  into 
oxalic  add  and  an  alcohol.  Sulphuric  add  decomposes  them,  with  elimination  of  carbonic 
oxide  and  production  of  carbonic,  or  under  certain  conditions,  of  formic  ethers.  With 
ammonia  they  yield  either  oxamide  or  ethers  of  oxamic  add.  When  treated  with  the 
Kinc-compounds  of  the  alcohol-radicles  and  afterwards  with  water,  they  yield  ethers  of 
the  lactic  or  glycollic  series.     With  chlorine  they  yidd  chlorinated  ethers. 

The  acid  others  of  oxalic  add  have  not  been  so  fully  examined  as  the  neutral  ethers^ 
only  those  of  ethyl  and  amyl  being  known.  They  are  obtained  as  bye-products  in  the 
preparation  of  the  neutral  ethers ;  ethyl-oxadie  add  also  by  the  action  of  ^coholic  potash 
on  neutral  ethyiic  oxalate. 

An  oxalate  of  the  diatomic  radicle  ethylene  appears  to  be  produced  by  the  action 
of  bromide  of  ethylene  on  oxalate  of  silver. 

Oxalate  of  AUyl,  C»H>»0*  -  C»(C«H*)*0*. -Produced  by  digesting  oxalate  of 
silver  with  allylic  iodide  and  anhydrous  ether  at  100^,  and  rectifying.  It  is  an  oily 
liquid,  smelling  like  oxalate  of  ethyl,  with  a  slight  admixture  of  the  odour  of  mustard- 
oil.  Specific  gravity  1-066  at  16^.  Boiling  point  206°— 207°.  (Hofmann  and 
Cahours.) 

Oxalates  of  AmyL  a.  Nbutrax  Amtlio  Oxalitb,  C'*H«0«  «  C*(C»H")-0«. 
(Balard,  Ann.  Oh.  Pbys.  [3]  xii.  311.) — When  potato  fusel-oil  or  pure  amylic  alcohol 
is  treated  with  a  large  excess  of  crystallised  oxalic  acid,  two  liquids  are  formed,  the 
lower  being  wateiy  and  consisting  of  a  saturated  aqueous  solution  of  oxalic  add, 
while  the  upper  is  oily,  has  a  strong  odour  of  bugs,  and  deposits  oxalic  acid  on  cooling. 
On  distilling  this  oily  liquid,  the  temperature  gradually  rises,  and  amylic  oxalate  distua 
over.    It  may  be  purified  by  redistillation. 

Amylic  oxalate  is  an  oily  liquid  having  a  very  decided  odour  of  biigs.  It  boils  at 
262^.  Vapour  density  8*4.  It  is  decomposed  by  water  and  more  quickly  by  aqueous 
alkalis,  yielding  amylic  alcohol  and  an  oxalate.  By  aqueous  ammonia  it  is  oonyerted  into 
amylic  alcohol  and  oxamide  ;  by  gaseous  or  alcoholic  ammonia  into  amylic  alcohol  and 
amylic  oxamate.  Treated  with  zinc-ctkyl  and  then  with  water,  it  yields  amylic  dieth- 
oxalate  or  amylic  leucate  (see  page  274).  On  account  of  its  high  boiling  point-,  it  may 
be  used  for  the  preparation  of  other  amylic  ethers  by  double  decomposition. 

Chancel  has  obta.ined  methyl-am  t/fic  oxalate  and  ethyl-amylic  oxalate  by  piocessrs 
similar  to  that  which  yields  the  oxAlate  of  methyl  and  ethyl  (p.  271). 

Amtloxauc  Acid,  C'H'*0*  =  C»(C»H")HO<.  Oxalamylic  acid.  Acid  oxalate  of 
amyl  (Balard,  Ann.  Ch.  Phys.  [3]  xii.  309).— The  oily  liquid  obtained  as  above  by 
heating  amylic  alcohol  with  oxalic  acid  fields,  when  saturated  with  chalk,  a  solution 
of  amyloxalate  of  caldum  which  crystallises  on  cooling.  This  salt  serves  for  the  pr**- 
paration  of  the  other  amyloxalates. 

Amyloxalic  acid  is  an  oily  liquid  having  an  odour  of  bugs.  By  dry  distilladon  it 
yidds  neutral  oxalate  of  amyl,  carbonic  oxide  and  carbonic  anhydride : 

2C«(C*H")H0*      -      C»(C*H")*0«     +     CO     +     C0«     +     HK). 

The  amyloxalates  are  very  unstable,  their  solutions  when  boiled  wproducina  amTlie 
alcohol.  *-  e       J 
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The  patastium-BoH  forms  beautiful  nacreous  lamiose,  greasy  to  the  touch. — The  cal' 
cium^Molt,  G'^H*K^a''0*.2H'0,  aystallises  in  beautiful  crystalline  scales,  more  soluble 
in  cold  than  in  hot  water.  Exposed  to  a  current  of  diy  air  at  100^,  it  decomposes 
yielding  amylic  alcohol.  The  tUversaltt  C^K"AgO^  forms  anhydrous  scales  having  a 
nacreous  lustre,  sparingly  soluble,  and  reiy  greasy  to  the  touch.  It  gradually  alters, 
eiren  when  dry,  especudly  if  exposed  to  light. 

OzalatM  of  Btliyl.    o.  Neutrjll  Ethtlic  Ozalatb,  C^H^'O*    «  [c^h'M^** 

Oxalic  ether, — This  compound  was  disooyered  by  Bergmann  (Opuaeula^  i.  256)  and 
has  been  more  particularly  investigated  byTh^nard  (M^m.  d'  Arcueil,  ii.  11),  Bauhof 
(Sehw.  J.  xix.  308),  Dumas  and|Boullay  (J.  Pharm.  xiv.  113),  Dumas  (Ann.  Ch. 
Phys.  liT.  227),  Lowig  (J.  pr.  Ghem.  1^™'"  129),  and  Frankland  and  Duppa 
(p.  272). 

Formation, — 1.  By  heating  alcohol  with  oxalic  add,  more  readily  in  presence  of 
sulphuric  or  hydrochlorio  acid. — 2.  Together  with  chlorethvlic  formate  and  hydro- 
chloric add,  in  tiie  decomposition  of  perdiloromethylic  oxalate  (p.  272)  by  alcohol, 
(Cahours,  Ann.  Ch.  Phys.  [2]  xix.  348). — 8.  In  the  preparation  of  crude  aldehyde 
by  distilling  a  mixture  of  equal  parts  of  manganic  peroxide,  sulphuric  add,  and  spirit 
of  20  p«gr  cent.    (G.  Schmidt,  Ann.  Ch.  Pharm.  Ixxxiii.  330.) 

Proration, — 1.  One  part  of  add  potassic  oxalate  (salt  of  sorrel)  is  mixed  with  1  pt. 
alcohol  and  2  pts.  strong  sulphuric  acid ;  the  mixture  is  distilled ;  water  is  added  as 
ooon  as  the  distillate  begins  to  show  turbidity,  the  receiver  then  changed,  and  the  dis- 
tillation continued  without  cooling.  On  mixing  the  distillate  with  water,  the  oxalic 
other  separates  and  fisdls  to  the  bottom ;  the  water  is  then  removed  with  a  pipette,  and 
the  ether  washed  and  rectified.    (Dumas  and  BouUay.) 

2.  A  more  expeditious  and  prodactive  method  is  to  heat  dehydrated  oxalic  acid  with 
sdcohoL  Hitscherlich  heats  1  pt  of  effloresced  oxalic  acid  with  6  pts.  absolute 
alcohol,  distils  till  the  temperature  of  the  liquid  in  the  retort  rises  to  140^,  then  pours 
Kack  the  alcohol  which  has  passed  over,  and  distils  till  the  thermometer  rises  to  165° ; 
the  remaining  liquid,  consisting  chiefly  of  oxalic  ether,  is  repeatedly  shaken  with 
water  and  rectified  over  oxide  of  lead. — According  to  Lo  w  ig,  a  much  smaller  quantity 
of  alcohol  is  sufficient  for  the  purpose.  He  pours  l}lb.  of  absolute  alcohol,  or  spirit  of 
97  or  98  per  cent,  on  Ijlb.  of  dehydrated  oxalic  acid ;  distils  slowly  till  the  ther- 
mometer rises  to  1 30^,  and  then  distils  the  product  quickly  off.  The  distillate  thus 
obtained  consists  of  oxalic  ether,  with  a  considerable  quantity  of  formic  and  a  small 
quantity  of  carbonic  ether.  2800  grms.  of  dehydrated  oxalic  add  thus  treated  yield 
1800  grms.  oxalic  ether  and  600  grms.  formic  ether.  An  additional  quantity  of  oxalic 
and  formic  ether  may  be  separated  from  the  distillate  which  fmes  over  below  120°,  by 
nentTalising  with  carbonate  of  potassium.  These  ethers  may  be  separated  by  fractional 
distillation,  the  formic  ether  passing  over  between  55°  and  75^,  the  oxalic  ether  at 
about  185<*. — According  to  KekuU  (Lehrbuch,  iL  16)  the  best  mode  of  preparation  is 
to  dissolve  dehydrated  oxalic  add  in  not  more  than  twice  its  weight  of  absolute  alcohol, 
saturate  with  dry  hydrodiloric  acid  gas,  predpitate  the  ether  with  water  after  the  liquid 
has  stood  for  several  hours,  wash  it  sevonJ  times  with  water,  diy  over  chloride  of  cal- 
dam,  and  rectify. 

Considerable  quantities  of  oxalic  ether  are  obtained  by  merely  leaving  oxalic  acid  in 
contact  with  absolute  alcohol  for  a  few  weeks,  best  at  40^ — 50°.  (Liebig,  Ann.  Ch. 
Pharm.  Ixv.  350.) 

Properties. — ^Ethylic  oxalate  is  a  colourless  oily  liquid,  having  an  aromatic  odour, 
specificgravity-  1*0929  at  7*5° (Dumas  andBoullay);  1*0824  at  16°,Mendelejef 
(Pogg.  Ann.  cxL  229).  Boiling  point  183°— 184°  (Dumas  and  Boullay),  186° 
(KekuU).  Vapour-density,  obs.  —  5087 (Dum as  and  Boullay), 5*10 ^Cahours), 
calc  —  5-06.    It  is  very  slishtly  soluble  in  ioater,  but  dissolves  easily  in  alcohol, 

Deoompontione. — 1.  Ethylic  oxalate  is  decomposed  by  contact  with  vtater^  yielding 
alcohol  and  oxalic  acid.  &iled  with  aqueous  potash  ot  soda,  it  is  quickly  converted 
into  alcohol  and  an  oxalate  of  the  alkali-metal— 2.  Its  alcoholic  solution  mixed  with 
edeohoUc  potash  yields  alcohol  and  a  predpitate  of  ethyl-oxalate  of  potassium: 

O{Cni*f0*     +     KHO      -       C«(C«H»)KO*     +     G^».H.O. 

3.  Ammonia-^as  decomposes  it  into  alcohol  and  ethylic  oxamate  (oxamethane)  : 

Bthjiie  oxalate.  AIcohoL  Etbyllc  osamate. 

4.  With  aqueous  ammonia  it  yields  alcohol  and  oxamide : 

{^rjo.     .     2KH.       -    .fl'jo)     .     <^> 
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5.  With  ttk^ffdne,  in  like  manner,  it  yieldB  diethjl-axamide  (G>0*r(0*H*)'H<N* ; 

(0«H*)«)t^ 
and  with  ({t«%tomm^  ethylie  diethylozamato  (C*0*r^^  ;  while  MetJwUmdfu  does 

C*H»  )" 
not  act  upon  it.    On  these  reactions  Hofmann  has  founded  an  easy  method  of  aeper- 
ating  the  bases  produced  by  heating  ethylio  iodide  with  ammonia  (ii.  555).     fiimilariiy 
with  the  methylaminea  (iii.  9981 

6.  Ethylic  oxalate  is  conveztmg  hypotaBnum  or  sodium  into  ethylic  carbonate,  with 
evolution  of  carbonic  oxide:  C«(C«H»)«0*  -  C(C?*H»)K)»  +  CO;  the  reaction  is 
complicated  howeyer  by  the  formation  of  several  other  products,  amongst  which  is  a 
black  substance  called  by  Lowig  and  Weidmann,  fiigrie  add  (see  GmeUn^s  Band' 
book,  ix.  181). 

7.  When  ethylic  oxalate  is  agitated  with  Bodiumramalgam  in  a  vessel  externally 
cooled,  a  product  is  obtained  which  is  separated  by  ether  into  a  soluble  and  an  in- 
soluble  portion,  the  latter  consisting  of  fermentable  sugar  tosether  with  sodic  oxalate 
and  at  least  one  other  sodiumnsalt,  while  the  ethereal  solution  yields  by  spontaneous 
evaporation,  crystals  having  the  composition  C"H"0',  and  consisting  of  the  ethylic 
ether  of  a  tribasic  acid  G*H*0',  called  desoxalie  acid,  because  it  is  produced  by  de- 
oxidation  of  oxalic  acid :  5CH*0«  +  5H*  -  2C*H*0*  +  4H*0,  and  race  mo -car- 
bonic acid,  because  it  contains  the  elements  of  raoemic  add,  C'H'O',  and  carbonic 
anhydride,  GO*,  and  is  resolved  into  those  two  comnounds  when  its  aqueous  solution  is 
heated  in  a  sealed  tube  with  a  small  quantity  of  sulphuric  acid  (Ld  wis).  The  decom- 
position of  ethylic  oxalate  by  sodium-amal^m  has  not  been  completely  investigated, 
but  the  formation  of  racemo-carbonic  acid  and  sugar  may  be  represented  hj  the 
equation : 

8C«H«0*     +     14H«      -       20^«0»     +     0^»K)«     +     10H«O. 
Oxalic  acid.  Racono-  Gluoow. 

carbonic  add. 
(See  Racbxo-cabbonic  Acid.) 

8.  Ethylic  oxalate  treated  with  einc^thyl  or  with  zinc  and  ethylic  iodide  (which 
produce  zinc-ethyl)  and  afterwards  with  water,  yields  ethylic  diethoxalate  or  lende 
ether,  C*H"(C"H*)0* ;  and  homologous  products,  in  like  manner,  with  eine-jntthyl  and 
tinoamyl.    (Frankland  and  Dupi)a,  see  page  272.) 

CoTiMnation, — ^Ethylic  oxalate  unites  with  stannio-chloridef  forming  a  aystalline 
compound  C«H"0*.Sna*. 

Ferchlor ethylio  Oxalate,  C'C1**0^ — ^This  compound,  also  called  PereJdorovinie 
oxalate,  ChloroxaUe  ether,  and  PerchloroxaUe  ether,  was  discovered  and  investigated  by 
Malaguti  (Ann.  Ch.  Phys.  [2]  Ixxiv.  299).  It  is  produced  by  the  action  of  chlorine 
on  oxuic  ether  in  sunshine.  It  is  colourless,  crystallises  in  quadrangular  laminae,  is 
destitute  of  taste  and  smell,  perfectly  neutral,  transparent  when  newJ^  prepared,  but 
becomes  opaque  after  some  time.  It  melts  at  144^  with  incipient  decomposition.  It 
is  insoluble  in  tpater.  When  exposed  for  some  time  to  moist  air,  it  becomes  add,  gives 
off  fumes  and  ultimately  li^uefies.^  Alcohol,  toood-epirit,  amyl-aUohol,  oil  of  turpentine^ 
and  acetone  decompose  it  immediately;  common  ether,  acetic  ether,  and  seveial  other 
ethers,  less  rapidly. 

Dry  ammoniargas  converts  it  into  ^ntachlorinated  ethylic  OTamate,  forming  at  the 
same  time  another  amide  (probably  tnchloracetamide,  and  one  or  two  ammonium-salts). 
With  a^tteous  ammonia  it  yields  oxamide  and  trichloracetamideu  The  reactioDS  wiUi 
ammonia  appear  to  take  place  as  shown  by  the  equations : 

CHJVH)*      +     2NH»      -      OH«C1«NO»     +     C«H«a«NO     +     2HC1. 

Chloraxamethana.     TrichloraoaCamide. 

C*H«C1»N0«     +     2NH«       -       CmHJmO      4     C^*N«0«       +     2HCL 
ChioroxamethaiM.  Trichloraoetamlde.  Osamide. 

With  alcohol  it  yields  a  number  of  compounds  among  which  are  triehloracetie  acid, 
hydrochloric  add,  chloride  of  ethvl,  and  an  oil  called  chloroxethide  which  Malaguti 
represents  by  the  formula  0*C1'*0>*  (p.  271).  When  meth^Uc  alcohol  is  dropped  upon 
duoroxalic  ether,  hydrochloric  add  is  evolved,  and  on  ad^g  water  after  the  mixtmra 
has  cooled,  an  oily  mixture  of  oxalate  and  chlorocarbonate  of  methyl  is  precipitated. 

Potash  converts  chloroxaUc  ether  into  oxalate,  trichloracetate^  and  duoride  of  potas- 
sium: 

(XJ1"0*     +     4H«0       s       C?H*0*     +     2CraCl»0«     +     4HCL 

Chloroxalic  ether  several  times  subjected  to  rapid  distillation  is  converted  into 
chloride  of  carbonyl  (phosgene  gas),  oxide  of  carbon,  and  chloride  of  tricbloracetyl : 

(X3i>«o*    =    coa«   +   CO   +   2(0«aH).a). 

When  kept  in  a  dosed  vessel,  it  appears  to  undergo  after  a  while  the  same  dumgee  aa 
when  heated. 
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EtkyUmetfylie    oxalate,    C«H«0«  -  C*(CH»YC«H»^0«  rChaneel     Comnf 
Chim.  1860,  PI.  373,  403).-Produeed  by  the  actJon  of  ethyl-sulphate  of  poLrium  Sn 
the  methjl-ozakite,  op  of  the  methyl-sulphate  on  the  ethyl-oxalate : 

(CH«)KSO»     +     C«(C«H»)KO*      -      K«SO*     +     C«(CH«)(C»H»)0*. 

It  18  a  transpapent  colourless  liquid  having  a  feint  aromatic  odour.  Specific  eravitv 
1-27  at  12°.  Boils  between  160«>  and  170^  distilling  without  alteration  Vapour- 
density  4-677  (calc  for  2  toL  -  4-5608).  It  bums  with  a  bright  flame  blue  at 
the  edges. 

It  does  not  dissolve  in  water  without  decomposition :  cold  water  and  damp  air  de- 
compose It  slowly;  boiling  water  dissolves  it  completely,  decomposing  it  however  into 
methylic  alcohol,  ethylic  alcohol,  and  oxaUc  add.  Potash  decomposes  it  immediately 
without  the  aid  of  heat  Ammonia  also  decomposes  it  rapidly,  forming  a  precipitate  <rf 
oxamide.  '^      ^ 

Pf^^"^^  ^^l  ^5?*^  "  CTB[(C«H»)0*.  Oxalomnie  acid.  Acid  oxalate  of 
atyl  ^Mitscherlich,  Pogg.  Ann.  xxxiii.  332).— The  potassium-salt  of  this  add 
B  produced  by  adding  to  a  solution  of  oxalic  ether  in  absolute  alcohol,  a  quantity  of 
alcoholic  potash  less  than  suffident  to  form  oxalate  of  potassium ;  and  on  dissolving 
this  salt  in  hydrated  alcohol,  carefWly  saturating  with  sulphuric  acid  and  neutralising 
with  carbonate  of  lead  or  barium,  the  ethyl-oxalate  of  lead  or  barium  is  obtained! 

The  add  itself  is  prepared  by  decomposing  either  of  these  salts  with  sulphuric  add ; 
but  it  is  very  unstable  and  is  decomposed  by  concentration  into  alcohol  and  oxalic  add! 

The  potassiimr4alt,  C*(C«H»)KO*,  forms  crystalline  scales  which  begin  to  decompose 
towards  100®.  ^ 

Pentachlorethyloxalic  acid  or  Chloroxalovinic  acid,  C*HC1»0*  (Mala- 
guti  Ann.  Ch.  Phya.  [2]  bcriv.  308>— This  compound  is  not  produced  by  the  action 
of  chlonne  on  ethyl-oxahc  add,  but  1.  In  the  decomposition  of  peichloioxalic  ether  bv 
alcohol  (p.  270).— 2.  When  diloroxethide  is  treated  with  cold  aqueous  solutions  of  the 
fixed  alkalis.— 3.  When  pentachlorinated  oxamate  of  ethyl  is  treated  with  aqueous 
ammonia : 

C^NH«C1K)«  +  H«0  »  C*(NH*)C1*0^ 
It  may  be  prepared  by  pladng  the  last-mentioned  compound  in  contact  with  aqueous 
ammonia  till  it  is  completely  dissolved,  and  evaporating  in  vacuo,  whereby  crystallised 
ehioroxalovinate  of  ammonium  is  obtained.  This  salt  is  dissolved  in  water ;  the  solution 
mixed  with  carbonate  of  sodium  and  evaporated,  first  on  a  sand-bath,  afterwards  in 
vacuo  over  oil  of  vitric^ ;  the  ehioroxalovinate  of  sodimn  is  extracted  from  the  residue 
by  absolute  alcohol ;  the  soda  precipitated  from  this  solution  by  the  exact  quantity  of 
sulphuric  add  required;  the  liquid  filtered ;  any  excess  of  sulphuric  acid  that  it  may 
eontain  predpitated  bjr  baryta-water ;  the  liquid  filtered  again ;  and  the  alcoholic 
solation  of  ehloroxalovinic  acid  evaporated  to  the  cryBtallising  point,  fint  over  the 
water-bath,  and  ihen  in  vacuo. 

It  forms  colourless  needles,  which  melt  at  a  gentle  heat ;  has  a  burning  taste,  and 
forms  a  white  spot  on  the  tongue;  if  placed  for  a  while  on  the  back  of  the  hand,  it 
produces  violent  pain  and  a  white  spot  surrounded  with  an  inflamed  ring.  It  dissolves 
in  all  proportions  in  toater  and  deliquesces  very  quickly  in  the  air.  It  dissolves  also 
in  aleokol  and  in  ether. 

The  ammonium^Mlt  is  ciTstalline ;  may  be  fused  without  decomposing ;  tastes  veiy 
bitter  and  pungent;*  has  a  feint  add  reaction.  When  heated  to  the  boiling  point,  it 
deccnnposes,  without  evolving  ammonia,  and  gives  off  thick  vapours  smelling  of  acetic 
add.  It  deliquesces  and  turns  yellow  in  the  air,  but  becomes  white  again  when  dried 
in  vacQa 

Malagnti  has  described  a  substance  which  he  calls  anhydrous  ehloroxalovinic  acid 
m  eJhloroxethide^  C»C1»«0',  but  which  appears  to  be  merely'a  liquid  modification  of  the 
preceding.  It  is  obtained,  among  other  products,  by  the  action  of  alcohol  on  perehlor- 
oxalic  ether  (p.  270).  It  is  quite  neutral  when  newly  prepared,  but  quickly  turns  add  by 
contact  with  moist  air.  It  boils  at  200^,  becoming  coloured  at  the  same  time.  It  is 
inaoliihle  in  wat«r,  bat  soluble  in  alcohol  and  in  ether.  Ammftnift  converts  it  into 
chlorozaBietliaBfi. 

Ozttlase  of  BtbTleiie.    C*HK)«  -  (CTa*f  j^*'      OxalaU  of  ytyeoL—Thia  com- 

wmnd  ai^ears  to  be  produced  by  the  action  of  bromide  of  ethylene  on  oxalate  of  silver. 
3y  exhausting  the  product  with  ether,  treating  the  ethereal  solation  with  slaked  lime, 
and  evaporating  the  filtrate,  a  liquid  was  obtained,  having  a  peculiar  sweet  taste,  in- 
soluble m  water,  boiling  with  decomposition  at  a  high  temperature,  and  yielding 
osamidB  when  treated  with  ammonia.    (Wur tz,  Ann.  Ch.  Phys.  [3]  Iv.  400.) 

Keutbal  Mbthtuc  Oxalate,  C*H«0*  =    {^CH*l^  \^* 
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(Dumas  and  Peligot,  Ann.  Ch. Fliys.  [2]  Iviii.  44. — ^Weidmann  and  Schweizer, 
Poge.  Ann.  IxiiL  602. — ^Wohler,  Ann.  Ch.  Pharm.  Ixxxi.  376). — ^This  compound  is 
obtained  bj  distilling  a  mixture  of  equal  parts  of  sulphuric  acid,  oxalic  acid,  and  wood- 
spirit  ;  or  by  drenching  1  pt.  of  salt-of-sorrel  with  1  pt  wood-spirit  and  1  pt.  sul- 
phuric acid,  leaving  the  mixture  to  stand  for  some  time,  and  then  distilling.  Towards 
the  end  of  the  distills tion,  methylic  oxalate  passes  over  nearly  pure  and  crystaUises  in 
the  neck  of  the  retort  The  liquid  product  which  first  passes  over  also  yields  crystal- 
lised methylic  oxalate  when  left  to  evaporate. 

Methylic  oxalate  crystallises  in  colourless  rhombic  tablets,  melts  at  51^,  and  boils  at 
161^.  It  is  soluble  in  vxUer^  alcohol^  and  ethers  but  the  aqueous  solution  quickly  de- 
composes into  oxalic  acid  and  methylic  alcohol.  The  same  decomposition  is  produced 
still  more  quickly  by  caustic  potash  or  soda.  With  aqueotts  ammonia  it  yields  oxamide ; 
with  ffaseotts  ammonia,  methylic  oxamate  (oxamethylane) ;  with  zinc-ethyl  it  yields 
methylic  diethoxalate  and  homologous  compounds  {if\fra), 

Chloromethylie  oxalates  (Malaguti,  Ann.  Ch.  Pharm.  xxxii.  49). — Chlorine 
gas  acts  very  slowly  on  fused  methylic  oxidate  in  diffused  daylight,  forming  a  liquid  pro- 
duct which  appears  to  be  dichloromethylic  oxalate,  C«H«C1<0*  «  C\CRCl^fO\ 
insamuch  as  it  is  immediately  resolved  by  water  into  carbonic  oxide,  oxalic  acid,  and 
hydrochloric  acid : 

C^H«C1«0*     +     2H«0       »       2C0     +     C«H«0*     +     4Ha 

In  sunshine,  chlorine  acts  more  strongly, producins  nacreous  laminae  oftrichloro- 
methylic  oxalate,  C(CC1')'0\  which  smell  of  chloride  of  carbonyl  (phosgene)  and 
are  resolved  by  heat  into  that  compound  and  carbonic  oxide : 

c*a«o*     -     CO   +    8Coa*. 

With  alcohol  they  yield  ethylic  oxalate,  ethylic  chlorofbrmate,  and  hydrochloric 
acid: 

C«(CCP)«0*     +     4C«H«0     =     CCC^H*)*©*     +     20a(C«H»)0«     +     4HCL 

Compounds  produced  by  the  action  of  Zinc-ethyl,  ^c,  on  the  Oxalic  ethers. 
When  the  oxalates  of  the  alcohol-radicles  are  treated  with  zinc-methyl,  zinc-ethyl, 
&c,  ethers  are  produced,  the  acids  of  which  may  be  regarded  as  oxalic  acia^  h*    C  ^** 
in  which  1  atom  of  o]^gen  is  replaced  by  an  equivalent  quantity  (2  at.)  of  an  alcohol- 
radicle,  or  what  comes  to  the  same  thing,  as  glycoUic  acid  ^        ^  [o*,  in  which  2  aU 

hydrogen  belonging  to  the  radicle  glycollyl  are  replaced  by  2  at.  of  an  alcohol-radicle* 

thus:  J 

DimethoxaUc  or  DimethoglyeolHc  acid         .  C*H»0«     -    t^C^^,)*^]"!©*  I 

EthomethoxaUcorEthomethoglyeoUicacid.  C»H"0»    =  [^C«»^)(CH»)0]- )  q, 

DiethoxaHc  or  DiethoglycoUic  add     .        .  C*ff«0«    -  [CXC*^)*Or|Q, 

Amhydroxalic  or  AmoglycoUic  add     .        .  C*H"0«   -   [^^J^")B^Or|o« 

EthamoxaKc  or  EthamoglycoUic  add  .  CWG*  -  [C^C*S»^C^»)0]->^, 

DiamoxaHc  or  DiamoglycoUic  add      .        .       C^^H^O'  -  [^^^)^r|o« 

These  adds  are  therefore  homologues  of  glycollic  add, — also  of  lactic  add  CHH)*, 

which  may  be  formulated  as  methydroxalic  or  methoglycoUic  add,  m        -^  >  O* 

The  first  in  the  above  list  is  isomeric  or  identical  with  butylactie,  the  second  with  Talexo- 
lactic,  the  third  with  leude  add.  Frankland  (Proc  Boy.  Soc  xiL  396)  obtainfd 
ethylic  leucate  or  diethoxalate  by  the  action  of  zinc-ethyl  on  ethylic  oxalate,  and  th« 
ethers  of  the  other  adds  of  the  series  have  been  obtained  in  like  maimer  by  Frank* 
land  and  Duppa  (Proc  Roy.  Soc.  xiii.  140;  xiv.  17,  79,  83,  191). 

The  acids  of  the  glycollic  or  lactic  series  (>H>0'  differ  fiom  those  of  the  aczylic 
series  C"H*^*0«  (i.  63),  by  1  atom  of  water:  e.y, 

C*H«0«      -      H*0        =        C»H*0« 

Lactic  «ci<L  Acrylic  acid. 

And  it  has  lately  been  shown  by  Frankland  and  Buppa  (Chem.  Soc.  J.  xriii.  133), 
that  by  the  action  of  trichloride  of  phosphorus,  which  abstracts  the  elementa  of 
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tlie  ethylie  etiienof  the  glycoUic  or  lactic  series  may  be  conyerted  into  the  ethylie 
ethers  of  a  series  of  acids  isomeric  with  the  natural  acids  of  the  acrylic  series.  As  the 
ethers  are  of  course  included  under  the  same  general  empirical  formula  as  the  acids 
themselves  (each  ether  being  formed  from  its  corresponding  acid  by  addition  of  C*H^) 
the  reaction  may  be  represented  by  the  general  equation : 

3OH«-0*     +     PCI"       -      8OH*»-«0«     +     PH»0»     +     3HC1 

s.a.  3C-H»«0»     +     Pa»       -       8C*H»«0«         +     PH'O*     +      8HC1 
Elbylie  leucate.  Ethj-lic  etbo-  Phoaphor- 

crotonate.  oiu  Mid. , 

The  ethers  thus  obtained  may  be  conreited  into  potassium-  or  barium-salts,  and 
these  into  the  corresponding  acids,  in  the  usual  way.  In  this  manner  have  been  obtained : 

Methaciylic  acid,  isomeric  with  Crotonic  acid        .        .  .  CH*0* 

Hethocrotonic  acid,  isomeric  with  Angelic  acid     ,        .  .  O^H'O' 

Ethocrotonic  acid,  isomeric  with  P3rroterebic  acid          .  .  C"H'*0* 

Ethometho-crotonic  acid,  isomeric  with  Damaluric  acid  .  C^H'^O* 

[For  farther  details  respecting  the  relations  of  these  two  series  of  acids,  also  of  the 
acids  of  the  acrylic  to  those  of  the  acetic  series,  se.e  Afprmdix.] 

We  now  proceed  to  describe  the  preparation  and  properties  of  the  several  acids  of 
the  glycoUic  series  above  mentioned. 

1.  IMetHexallo,  BletborlyooUio  or  Keneie  Add,  C*H"0*.— Ethylie  oxalate 
treated  with  zinc-ethyl  and  afterwards  with  wat«r  yields  ethylie  leucate  together  with 
alcohol  and  hydrate  of  zinc    The  first  result  may  be  thus  stated : 

C«H»K>«  +  Zn''(C«H»)«  +   2H«0     =     CTa:'»(C*H»)0»  +  (TH'O  +  Zn'H'O'. 

The  reaction  however  takes  place  by  two  stages :  the  first  product  is  a  solid  resin- 
ous-looking mass  consisting  of  zinc-monethyl-ethylic  leucate,  0'*H"^ZnO',~a 
compound  derived  £rom  oxalic  ether  by  the  substitution  of  2  at  ethyl  for  1  at  oxygen, 
and  of  1  at.  zinc-monethyl,  ZnC*H\  for  1  at.  ethyl, — and  this  compound  when  treated 
with  water  is  resolved  into  ethylie  leucate,  alcohol,  and  zinc-hydrate: 

Eifaylie  oxalate.  ZiDC.ethjl.  Zine-monethrl-  Zino-ethylo- 


ZnCTffi       lo«     +     2H«0     -  H  V0«     +     ^  |o«     +     ^^.Jq* 


eihjlic  leucate.  etbylate. 

10«     +     2H«0     -  H  V0« 

C«H»       3  C*H*       ) 

Zlac-iBOorthyl-eibylic  EtbjrUc  leucate.  Alcohol.  Zinc- 

leucHte.  hydrate. 

In  this  and  in  all  the  analogous  reactions,  it  is  found  advantageous  to  use,  instead  of 
sine-ethyl,  &c.,  a  mixture  of  ethylie  iodide  and  amalgamated  zinc,  whereby  the  organo- 
xinc  oompoond  is  generated  during  the  reaction,  and  the  trouble  of  specially  preparing 
it  is  savM.  The  whole  operation  then  proceeds  at  the  ordinaiy  atmospheric  pressure, 
«id  a  l&iger  product  is  obtained.  The  first  stage  of  the  reaction  in  the  production  of 
leneic  sUmt  may  then  be  represented  as  follows : 

(OT»yl^  +  4C*H»I  +   Zn«     «  Zn(?H»      to«  +  Zn'J^HH)   +   2^'^- 

Ethylie  leucate  or  diethoxalate  has  been  already  described  as  leueie  ether  (iii.  678). 
When    treated    with    trichloride    of  phosphorus,    it   yields   ethylie    ethocrotonate^ 

^^OTP*^1^'    whence  may  be  obtained   ethocrotonic  add,  ^^'^"^*)^|o- 

CH'^O*,  isomeric  with  pvrot«rebic  acid  (trid.  sup.), 

Zino-ethyl  acts  violently  on  it»  each  drop  on  coming  in  contact  with  the  ether,  even 
if  previonsfy  cooled  by  a  freezing  mixture,  hissing  like  phosphoric  anhydride  dropt  into 
water.  The  product  of  the  reaction  is  zincmonethyl-ethylic  leucate,  the  change  con<* 
Bistiiig  in  the  substitution  of  zinc-monethyl  for  hydrogen,  and  being  accompanied  by 
tlio  eridntion  of  torrents  of  ethylie  hydride : 

Zino-monethyl-ethylic  leucate  is  a  colourless  viscous  solid,  soluble  in  ether,  but 
apparentlT  incapable  of  crystallisation.  It  absorbs  oxygen  with  avidity,  and  effervesces 
fllToiigly  m  contact  with  water,  reproducing  leude  etner : 

C^»«(ZnC»H»XC«H»)0«  +   2H«0     -     C^"(CnT»)0«  +   C»H*  +  Zn'H'O". 

•  Sre  paRe  SSS. 
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Iodine  acta  ationglj  upon  it,  prodaoing  sinooleacic  ether,  iodide  of  ethyl,  and  iodide 
of  line: 

2C«H»*(ZnC"H»XC*H»)0«  +  I*     =     C«H»Zn''(C«H»)«0»  +  Znl*  +  2C«H»L 
Zluc-nonKhjl-«ihy  lie  Efneoleadc  ether. 

Ieuc4(te. 

Methtflic  Diethoxalate.  A  mixtnre  of  4  at.  ethylic  iodide  and  1  at.  nedijlie  oxalate^ 
digested  with  sine  for  about  96  hours  at  30^ — 50°,  solidifies  to  a  mass  of  ciystala,  which 
when  treated  with  water  and  distilled,  yields  ethylic  alcohol,  and  an  ether  haTing  the 
composition  of  diethoxalate  or  leucate  of  methyl : 

CH»    >0«  +  4C«H»I  +  Zn*    -      ZnC*H»        V0»  +  Zn'^JX^^  +  2Zn^^ 

Melbjtie  oxftleto.  Ztac-mooethyl-  Slne-iwethyl- 

methjlie  feucate.  eUsjUte.  ^ 

ZnCH*         lO*  +   2H«0     -  H  >-0«  +  ^S  f    +  Zn'H«0«. 

CH«        j  CH*        j  ^  > 

Zinc-raooHhjl-  Mecbjriic  Kthyllc 

■Mlhf  Ik  leueaUi  teacmte.  hydride. 

Methyltc  leucate  is  a  colourless,  transparent,  tolerably  mobile  liquid,  haTing  a  pecnliar 
odour,  not  much  like  that  of  ethylic  leucate,  sparingly  soluble  in  water,  easily  in  alcohol 
or  ether.  Specific  gravity  «  0*9896  at  16*5^.  Boils  at  165°  and  distils  unchanged. 
Vapour-density,  obe.  *  4*84;  calc  »  5-03. 

Met  hylic  leucate  is  easily  decomposed  by  alkaline  bases,  yielding  methylie  alcohol 
and  metallic  leucates.  The  barium-salt,  C"H*'Ba''0',  thus  obtained  is  a  ciystallino 
mass  reiy  soluble  in  water,  alcohol,  and  ether.  On  decomposing  it  with  sulphuric  acid 
and  evaporating  the  filtrate,  diethoxalic  or  leucic  add  is  obtained  in  splendid  crystala 
which  sublime  readily  at  50°,  slowly  even  at  common  temperatures,  and  melt  at  74-5^. 
In  these  respects  the  acid  thus  ootained  agrees  with  oroinary  leucic  acid,  and  with, 
that  obtained  by  the  action  of  sine-ethyl  on  oxalic  ether ;  but  the  silver^salts  of  the 
two  acids  dil^r  in  certain  respects,  that  obtained  from  methylie  leucate  crystaUisinff 
in  anhydrous  silky  fibres  which  are  acareely  discoloured  at  100°,  whereas  that  obtained 
from  ethylic  leucate  forms  brilliant  radiate  needles  containing  |  at.  water,  which  it 
does  not  give  up  at  100°,  though  it  sufiers  npid  discoloration  at  that  temperature.  It 
is  possible  therefore  that  the  diethoxalic  or  leucic  acids  obtained  by  the  action  of  sine- 
ethyl  on  the  oxalates  of  ethyl  and  methyl  respectively  may  not  be  absolutely  idpntifa1> 
but  only  isomeric. 

Amiflie  JXetkoxalatf.  A  mixture  of  amylic  oxalate  and  ethylic  iodide  in  equivalent 
proportions  dieted  with  sine  for  several  days  at  60° — 60°,  and  subsequently  treated 
with  water,  yields  in  like  manner  m  distiUata  containing  am^ie  diethoxalate  or 
leucate,  C»»ri«0";  thus: 

OH»»  t0«  +  4C"H»I  ♦  Zn*     -  ZnC«H»     J0«  +  Zn'^X^Sim  +  23&iF. 


Amjrlk  AihtIIc 

^lic  leocale.  amjUto. 


ZnC«H»         V0«  +   2HK>     -  H  Jo«  +    ^2  f    +  ZnTPO«. 

Amylic  linr^OMseilijIo.  Amrlie 

levwate.  Icucat*. 

An^ylic  leucate  is  a  colouriesa.  tnneparent.  slightly  oily  liquid,  having  a  fragrant 
and  somewhat  amylic  odcmr;  insoluble  in  water,  but  soluble  in  all  proportions  in 
akohol  and  ether.'  Spe^-ific  gravity  —  0-93227  at  13°.  Boils  constant^  at  225°. 
Vapoor^nsity  obsL  —  6*74 :  cak:  —  6*97.  The  boiling  point  and  specific  gravi^ 
in  the  liquid  state  of  this  ether  are  almost  identical  with  those  of  its  isomer,  ethyhe 
sthamoTalat»  ^!c  276\ 
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mixture  of  1  at.  methylh^  oxalate  and  4  at.  methylie  iodide  treated  with  amalgamated 
xinc  as  above  de«»orib^  ^^Mviitie^  to  a  yellowish  gummy  masa»  which  when  distilled 
with  water»  yields  methylL*  »lvvhol.  aod  U\iTe«  a  residue  of  iodide,  oxalate  and  dimethox- 
alate  of  sine.  The  r««clivMi  is  doubti^^  exjkHly  siniiUr  to  that  of  zinc  and  ethylic 
iodide  on  ethylic  oxalate  (p.  arsx  and  mi^ht  be  repreaented  by  perfectly  similar 
tqaatioMk  mbstit^ting  metliyl  for  eOivl ;  bet  the  nwahii^  dimelhonlate  of  methyl 
apjptait  to  be  veij  instable,  and  to  be  decompoaid  bylhehTdiate  of  sine  as  fivt  as  it 
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is  formed,  and  conTerted  into  dimetliozalate  of  zinc,  C^H'^Zn^O*.  This  zinc-salt 
treated  with  bazyta-water  yields  dimethoxalate  of  barium,  C^H^^Ba^O*,  which  ciys- 
talliaes  in  brilliant  needles,  neotral,  having  the  odour  of  fresh  butter,  very  soluble  in 
water  and  alcohol,  nearlyinsoluble  in  ether. 

Dinuthoxalic  acid,  C^HH)',  obtained  by  decomposing  the  barium-salt  with  sulphurie 
acid  and  agitating  the  filtrate  with  ether,  crystallises  by  evaporation  in  large  prisms, 
melts  at  76*7^  and  sublimes  at  50^  in  reiy  fine  prismatic  crystals;  boils  at  212^  and 
distils  nncbaneed.  It  is  strongly  acid  and  easily  unites  with  bases,  forming  crystal- 
line salts.  The  mlver-Mlt,  CH'AgO',  crystallises  in  stellate  groups  of  nacreous 
scales. 

3.  tlHwnfttHiMBJicor  BtliemthoglyelMe  AoiO,  (yg*0»«  C;'(<^^)(<^')0 )  q*. 

— ^The  ethylic  ether  of  this  acid  is  obtained  by  the  action  of  zinc  on  a  mixture  of 
eth^lic  oxalate  with  methylic  and  ethylic  iodides  in  equiyalent  proportions.  The  re- 
action takes  place  as  shown  by  the  equations : 

((?0«r; 
C»H*   V0«  +  2CH>I  +   2C*H»I   +  Zn*     » 


Etfijlic  oxalaCa. 


Zlnc-roonomethrl  'etho*  Zi  nc-  ethylo* 

metboxalate  of  cthjrl.  ethylate. 

Zn^H«  >0«  +  2H«0    -  H  >0«  +  ^      +  Zn'ia«C«. 


c«H»         y  C«H» 

Zlnfr-moDoinethjl-etho-  Bthylic  etho- 

Lboxalata  or  ethyl.  metboxalate. 


Etiiyiie  ethomethoxalate,  OH"0^  is  a  colourless,  transparent,  mobile  liquid  possessing 
a  penetrating  ethereal  odour  much  like  that  of  leucic  ether.  It  is  very  soluble  in  water, 
jJcohol,  and  ether.  Specific  gravity  *  0*9768  at  IS*'.  Boils  at  l^b'5^,  Vaponr- 
denaity,  obs.  »  4*98 ;  calc  »  5*04.  It  is  easily  decomposed  by  aqueous  solutions  of 
the  alkalis  and  of  baryta.  Trichloride  of  phosphorus  converts  it  into  the  ethylic 
ether  of  methocrotonie  acid,  OHK)*,  isomeric  with  angelic  acid  (p.  273). 

Eihameihoxalate  of  Barium^  C'*H**Ba''0',  is  very  soluble  in  water,  and  crystallises 
from  aqneona  solution  as  a  beautiftilly  radiated  mass  having  a  silky  lustre. 

EtJkcmethoxalate  of  Hydrogen,  or  Ethomethoxalie  acid,  OH*^0',  is  obtained  by 
eraporation,  first  in  a  retort,  afterwards  in  Tacuo,  as  a  splendid  white  ciystalline  mass, 
melting  at  63°,  subliming  readily  at  100°,  and  condensing  on  a  solid  surface  in 
maeiiifioent  star-like  groups.  It  boils  with  decomposition  at  190^.  It  dissolves  veiy 
easSy  in  water,  aleohol,  and  ether ;  small  fragments  of  it  thrown  on  water  rotate  like 
camphor  whilst  dissolving.  The  solutions  are  strongly  acid  and  easily  decompose 
carbonates. 

Eikomethoxalate  of  Silver,  G^H^AgC,  crystallises  in  splendid  mammellated  masses, 
moderately  soluble  in  water. 


4.  JlJBbFtfvmEalie  or  Amoflycollle  Add. 


CHHO.  -  [CH(OH")0]-|o, 


— The  ethylic  ether  of  this  acid  is  produced,  together  with  two  others,  by  the  action 
of  zinc  on  a  mixture  of  ethylic  oxalate  and  amylic  iodide.  When  a  mixture  of  these 
ethers  in  equivalent  proportion  is  digested  with  granulated  zinc  at  70°,  the  zinc  is 
gndnally  dissolved,  while  much  amylic  hydride  and  amylene  are  given  off.  The 
mixture  finally  assumes  a  viscous  or  semisolid  condition,  and  when  treated  with  water 
yields  a  farther  quantity  of  amylic  hydride  which  distils  off  at  a  gentle  heat.  On  in- 
creasing the  temperature,  water  passes  over  accomx>anied  by  amylic  alcohol,  amylip 
iodide,  and  an  ethereal  liquid  which,  after  drying  with  chloride  of  calcium,  begins  to  bofl 
at  132°  the  product  which  ioA  passes  over  consisting  principally  of  amylic  alcohol 
mixed  with  amylic  iodide.  Afterwards  the  thermometer  riaes  rapi(Uy  to  200°, 
between  which  temperature  and  206°,  ethylic  amhydroxalate,  (?H»"0*,  passes 
over.  A  second  rapid  rise  of  temperature  then  occurs  till  the  thermometer  remains 
stationary  between  222°  and  226°,  at  which  temperature  ethylic  ethamoxalate, 
C"H*0«,  passes  over.  Lastly,  the  temperature  rises  to  260°-.264°,  between  which 
poiato  ethylic  diamoxalate,  Ci^H'H)*,  distils  over.  These  several  ethers  are 
raxther  porified  by  repeated  fractional  distiUation. 

T  2 
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The  formation  of  eth  jlie  amh  jdroz  jlate  is  represented  bj  the  eqnatiaiu^ 

CH*  >0«  +  4C«B["I  +  Zn»  -  ZnOH"  Vo«  +  Zn5x,„,^  +  2ZnP. 

rC«(C»H«»XZnC»H")Or) 

ZnC»H"  >0«  +  4H*0  - 

C«H»  3 

[C«H(OH")0r|  ^g„  ^,3„. 

H  fO«  +  ^  5   Jo  +   ^^   J  +  ZZn-^K**. 

The  oomponnd  C'*H''Zn"0'  formed  in  the  first  stage  of  the  reaction  eonsists  of  oxalic 
Either  Id  which  an  atom  of  oxygen  b  replaced  half  bj  amyl  and  half  by  rine-monamyl, 
whilst  a  second  atom  of  zino-monamyl  is  substitnted  for  one  of  ethyL 

C?H(C»H»)0) 

Ethylie  amhydroxalate,  C*H*H>'    »  H  >0*,  is  a  somewhat  oily,  trana- 

C«H»       j 
parent^  slightly  straw-colonred  liquid,  of  specific  graxity  0'9449  at  13^,  haTing  a 
pleasant  aromatic  odonr  and  burning  taste.    It  boils  at  203^.    Vaponr-density,  oba., 
—  6-47 ;  calc.   =  60. 

Amhydroxalate  [of  Barium,  C^^H^'Ba'^O*,  crystallises  in  lar^e  beantlM  nacreoni 
scales  like  paraffin,  moderately  soluble.  The  ctldum-tait,  C**H**Ca''0*,  forms  &  white 
«ry8talline  mass. 

The  hifdrooensalt  or  amhydroxalic  acid^  CH^^O',  prepared  from  the  zinc-salt  which 
is  contained  in  the  residue  remaining  after  the  distillation  of  the  three  ethers  above 
described,  is  but  sparingly  soluble  in  water,  from  which,  however,  it  crystallises  in 
beautiful  nacreous  scales  which  melt  at  60*6°,  but  afterwards  remain  liquid  for  some 
time  even  at  ordinary  temperatures;  they  are  very  unctuous  to  the  toucn,  and  easily 
soluble  in  alcohol  and  ether. 

The  coppfr-galtf  C**H''*Cu''0',  is  deposited  from  its  aqueous  solution  in  minute  light 
blue  scales,  very  sparingly  soluble  in  water.  

6.  aUMmoxaUo  or  BtHamoclyooUlo  Add,  C»H»H>«  «  [C*(C^*^C*H>»)0]''|q, 

— ^The  etbylic  ether  of  this  acid,  0"H'K)',  is  the  portion  of  the  ethereal  distillate  iJmvs 
mentioned,  which  boils  between  222^  and  226°.  Its  formation  ia  represented  by  the 
equations : 

0«0« )  [(?(C«H")(ZnC»H")0]'')  ,  ^.tth 

C»H»l0«  +  4C»H"I  +  Zn«  -  C«H»  VO*  +  ZaTii^^un  +  2ZnI«. 

[C«(C«H»)(C»H»)Or)  c"^,  . 

H  >0«  +  ^   {    +  Zn-H«0». 

Ethylfc  etham- 
nxalate. 

Ethylie  ethamoxalate  is  a  straw-coloured  oily  liquid,  having  an  aromatic  but 
somewhat  amylic  odour  and  a  burning  taste.  Specific  gravity  »  0*9399  at  13°. 
Boiling  point  between  224°  and  225°.     Vapour-density,  obs.   »   6*29 ;  calc.   »  6-92. 

By  decomposing  this  ether  with  alcoholic  potash,  adding  sulphuric  add  in  exoesi^ 
and  treating  the  product  with  ether,  ethamoxalic  acid  is  obtained  as  a  thick  oil, 
gradually  solidifying  to  a  crystalline  mass.  The  barium-gait  contains  C^^'^Ba^O* ;  the 
nlver-saft,  C»H"AgO». 

6.  lM«ma¥«ltoorllUimoglyeonicAcid,C"H»H)«  -   [^(^^')'^^'|o.— The 

ethylie  ether  of  this  acid,  C*^H*K)',  is  contained  in  the  last  portion  of  the  ethereal  dis- 
tillate resulting  from  the  action  of  sine  and  iodide  of  amyl  on  oxalic  ether.  Its  foamar 
tion  is  represented  by  the  equations : 

C«H»  V0«  +  4C»H"I  +  Zn«  -       ZnOH"      >0»  +  Zn''{^Sin  +  2ZnP- 
C«H»  j  C»H»         )  iC»H*0 

EthvHc  Etbylic  ilnc-  Zlne-«my1o- 

oxalatA.  monamrl-diam-  etbyUte. 

oxalate. 


[C^C»H»»)«0]'"|  ^  _  [C*(0»H»»)K)J 

c«H»      y  0»H» 

Btbrlle  sine  mon-  Rthyllc  di- 

~iyl-"' 


1"       ^0«  +  2H«0  «  H  V0«  +  ^5   [    +  Zn-HK)«. 


aayi-dumoxatafet.  amoxalate. 
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ElA^  diamoxdUUe  is  more  Tiacid  than  the  two  last-deflcribed  ethen,  and  has  the 
lonnest  specific  gravitj  of  anj  ether  belonging  to  this  series,  its  density  at  13^  being 
onlj  0-9137.  Li  fact  the  specific  gn&Tities  of  all  these  ethers  decrease  as  their  atomic 
weights  increase.  Their  Tapoors  adso  exhibit  a  tendency  to  dissociation,  increasing  with 
the  weight  of  the  atoms  which  replace  the  oxygen  in  oxalic  ether,  whence  there 
arises  an  increasing  divergence  between  the  observed  and  calculated  vapour-densitiea. 
The  vaponivdensity  of  ethylic  diamoxalate  is  by  experiment  8*4,  by  calculation  only 
6-9.    Boiling  point  about  262^ 

Diamaxalaie  ofBariwn^  C**H^*Ba''0*,  obtained  by  decomposing  the  ether  with  baryta- 
water,  crystallises  in  minute  elastic  needles  having  the  appearance  of  wool  when  dry. 
It  is  moderately  soluble  in  hot,  sparingly  in  cold  water. 

BiamoxaUc  acidf  obtained  by  decomposing  a  solution  of  the  barium-salt  in  hot 
dilate  alcohol  with  sulphuric  acid,  and  evaporating  the  filtrate,  crystallises  in  colourless 
iatiny  fibres,  insoluble  in  water,  but  soluble  in  alcohol  and  ether.  It  melts  at  122^, 
aad  solidifies  immediately  after  a  very  slight  reduction  of  temperature.  At  a  stronger 
heat  it  sublimes  and  condenses  on  a  cold  surface  in  white  crystalline  fiakes  like  snow. 

7.  Action  of  Zinc  on  a  mixture  of  Amylio  oxalate  and  Amylie  iodide.  When  these 
ethers,  in  equivadent  quantities  are  gently  heated  with  zinc,  a  brisk  reaction  soon  sets  in, 
much  amylie  hydride  and  amylene  are  evolved,  and  the  whole  solidifies  to  a  gum-like 
mass,  which  when  distilled  with  water  yields  an  oily  liquid  resembling  that  obtained 
when  ethylic  oxalate  is  used,  and  in  all  probability  containing  a  series  of  amylie  ethers 
8Bal<^us  to  the  ethylic  ethers  described  under  4,  5  and  6  ;  but  it  has  not  yet  been 
fi>imd  possible  to  separate  them,  -their  boiling  points  being  so  high  that  they  decompose 
when  an  attempt  is  made  to  distil  them. 

Native  ferrous  oxalate,  also  called  Hvmbcldtine  (p.  258). 

Syn.  with  Methtlbtkylic  Oxalate  (p.  271). 

rzo  ACZ9.    Syn.  with  Ethyloxalic  Acm  (p.  271). 


Oxalan.    C»H»N«0«     -  ^^      [n   or      (CO)"|-N». 

(Bosing  and  Sehischkoff,  Ann.  Gh.  Pharm.  cvi  255. — ^Liebig,  ibid,  cviii.  126. — 
Streeker,  ibid,  cxiii  47). — A  compound  obtained  as  a  white  precipitate,  togetherwitlk 
dialuric  acid,  by  the  action  of  ammonia  and  hydrocyanic  acid  on  alloxan : 

2C*H«N»0*  +  H»0   +  NH»     -     C»H»N«0»  +   C*H*N»0«  +   C0«. 

Alloxan.  Oxaluramide.       Dialunc  acid. 

Bcobably  also  by  the  action  of  anhydrous  ammonia  on  parabanic  acid  : 

C»H«N»0"  +  NH«     =     C»H»N»0*  (Streeker^ 

It  was  first  prepared  by  Kosing^and  Schischkofij  who  called  it  oxalan,  and  assigned 
to  it  the  formula  C'*H'^'*0**.  Its  formation,  however,  appears  to  have  been  pre- 
Tioosly  observed  by  Liebig,  and  analyses  of  it  subsequently  made  under  his  direction 
do  not  agree  with  Kosing  and  Schischkoff*s  formula,  but  show,  in  accordance  also  with 
Streckei^s  analysis^  that  the  body  has  the  composition  of  oxaluramide : 


Calcmkaion. 

Rosing  and  Schltchkoff. 

Liebig. 

Streeker. 

€• 

36 

27-5 

270        27*7 

26-3        27-7 

27-7 

H» 

5 

3-8 

40            4-4 

40          4-2 

3-8 

N« 

42 

321 

30-3         301 

32-6        32-4 

32-4 

0» 

48 

lii 

36-6 

100-0 

Streeker  has  also  shown  that  the  hydrocyanic  acid  takes  no  part  in  the  reaction,  further 
than  as  a  sotrt  of  ferment,  and  that  the  whole  of  it  may  be  recovered  from  the  liquid 
fiHeted  from  the  predpitato  of  oxaluramide. 

Oxaluramide  is  a  white  crystalline  powder,  insoluble  in  cold  vnUer^  but  dissolved 
and  decompoeed  by  prolonged  boiling  with  water,  with  formation  of  oxalurato  and 
oxalate  of  ammonium.  When  boiled  with  caustic  alkalis,  it  gives  off  ammonia  and  yields 
an  oxalate.  It  dissolves  completely  in  strong  stdphuric  add,  and  according  to  Streeker 
is  precipitated  from  the  solution  by  water,  in  its  original  state.  According  to  Bowing 
and  ScluBchkofl;  on  the  other  hand,  the  body  thus  precipitated  is  a  product  of  decom- 
position, containing  C"H'*N"0*' ;  moreover  the  dilute  solution  from  which  this 
oompoQDd  has  separated  deposits  after  a  while  large  colourless  prisms  containing 
OT»*N*0^.  According  to  Streeker,  however,  this  last  body  is  nothing  but  alloxantin 
(0*H>*VH>i*),  formed  by  the  action  of  the  acid  on  dialurato  of  ammonium  adhering  to  tha 
laaluainide. 
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A  iolution  of  alloxan  mixed  with  hydrocyanic  add  jrielda,  on  addition  of  ethyl- 
amine,  phenylamine,  &c,  precipitates  reaembling  oxalnramide  and  eonaiadns  of 
ethyl-oxaluramide,  C»H*(C*H»)NH)«,  phenyl-oxaluramide,  C»H«(C*H»)N»0», 
&c.    (Strecker.) 

The  last-mentioned  body  is  identical  with  that  which  Laurent  and  Gerhaidt 
obtained  by  heating  parabanic  acid  with  aniline.  It  is  a  white  slightly  nacreoos 
crystalltne  powder,  composed  of  well>defined  microsoopic  needles,  tasteless  and  inodoroos, 
insoluble  in  boiling  water,  nearly  insoluble  in  boiling  alcohol ;  it  melts  at  a  hijgh  tempe- 
rature, and  decomposes  when  still  more  strongly  heated,  ^Ting  off  Tery  acrid  vaponrs 
containing  cyanogen-compounds.  When  slightly  heated  with  potash,  it  gives  off  aniline 
and  ammonia.  It  dissolves  easily  in  sulphuric  acid,  the  eoluticxi  when  heated  giving 
off  carbonic  anhydride  and  carbonic  oxide,  without  blackening ;  and  the  product,  if 
exposed  to  the  air,  gradually  becomes  filled  with  crystals  of  acid  sulphate  of  ammoninm, 
and  yields,  when  diluted  with  water,  the  reaction  of  phenyl-sulphuric  acid.  (Laurent 
and  Gerhardt,  Ann.  Ch.  Phys.  [3]  xxiv.  177.) 

.    8yn.  with  Phsmtl-oxalubaiodb  {vid.  wp.). 

C»fl<N»0*.  (Liebig  and  Wohler,  Ann.  Ch. Phann.  xpi. 
287.) — ^When  parabanic  acid  is  heated  with  aqueous  ammonia,  it  is  converted  into 
oxalurate  of  ammonium ;  or  carbonate  of  calcium  dissolved  in  aqueous  parabanic  acid 
yields  oxalurate  of  calcium.  Oxalurate  of  ammonium  is  also  formed  by  the  acdcni  of 
oxygen  on  an  a(|ueou8  solution  of  murexan  (see  Musbxait)  ;  and  by  adding  ammonia  to 
a  solution  of  unc  add  in  warm,  veiy  dilute,  nitric  acid.  The  ammonium-salt  is  dia- 
solved  in  warm  water,  and  the  oxaluric  acid  precipitated  by  a  mineial  acid,  washed  and 
dried  (Liebig  and  Wohler).  Lastly,  oxaluric  acid  is  produced,  together  with 
guanidine,  parabanic  acid,  xanthine,  and  urea,  by  the  action  of  h^dnx^ilorio  aod  and 
potassic  chlorate  on  guanine.    (Strecker,  Ann.  Ch.  Pharm.  cxviil  151.) 

Oxaluric  acid  is  a  white  crystalline  powder,  which  has  a  veir  acid  taste,  and  reddens 
litmus.  It  neutralises  alkalis  completely.  It  is  veiy  sparingly  soluble  in  odd  water : 
its  aqueous  solution  is  decomposed  by  boiling  into  oxalic  acid  and  urea: 

C»H«NK)«  +  HK)     =     CHK)*  +  CH^NH). 


Oxaluric  acid  is  monobasic  The  ammonium-salt,  G*H^NH*)N^O*,  forma 
anhydrous  needles,  readily  soluble  in  hot  water  (Liebig  and  Wohler).  The 
barium-salt,  C'HfBa'^^0'.2H'0,  is  obtained  by  precipitation  in  long  colourless  needles, 
often  intersecting  one  another.  It  gives  off  its  water  at  130^;  the  c^stals  dissolve  in 
638  pts.  water  at  9^  and  66  pts.  at  100°.— The  calcium-salt,  C«H«CarN*0".2H*0, 
obtained  in  like  manner,  crystallises  in  colourless  needles,  soluble  in  483  pts.  water  at 
16®,  and  in  20  pts.  boiling  water  (P.  Waage,  Ann.  Ch.  Pharm.  cxviil  501). — The 
silver-salt  is  obtained  by  adding  oxalurate  of  ammonium  to  nitrate  of  silver,  as  a  flaky 
precipitate  which  dissolves  in  hot  water  and  separates  on  cooling  in  long  sill^ 
anhydrous  needles  (Liebig  and  Wohler).  The  sodium^salt  separates  as  a  crystalline 
powder  on  mixing  a  dilute  lukewarm  solution  of  sodic  carbonate  with  a  solution  of 
alloxan  containing  a  little  prussic  acid.  It  is  much  less  soluble  in  water  than  the 
potassium-salt.    (Waage.) 

Oxaluric  acid  may  be  regarded  as  an  uHdic  acid  analogous  to  the  amic  acids: 
CH*N'0«  -  oxalic  acid  +  urea  —  H*0,  just  as  oxamic  add,  C^'NO'  »  oxalic 
add  -4-  ammonia  —  H*0.  (Gerhard t  and  Laurent,  Ann.  Ch.  Phya.  [8]  xxiv.  176.) 

F.  T.  C. 


L    Sjn,  with  Mbthtl-Ethtijc  Oxaulis  (p.  271)- 
Syn.  with  Ethtlic  Oxaxatb  (p.  280). 
Syn.  with  Mehthtlic  Oxakatb  (p.  281). 

C*H>N0«     -     (OK)*)"  Vq.    (Balard,  Ann.  Ch.  Phyfc  [8] 

iv.  93 — Bacaloglio,  J.pr.Chem.  Ixxxi.  369.— Toussaint,  Ann.  Ch.  Pharm, exx.  287.) 
— ^An  acid  produced  by  the  dehydration  of  add  oxalate  of  ammonium.  This  aali 
when  heated  in  an  oil-bath  to  about  230^^,  gives  off  water,  carbonic  oxide,  and  cazbonie 
anhydride,  then  carbonate  and  cyanide  of  ammonium,  and  if  the  distillation  has  not 
been  carried  too  far,  a  residue  is  left  consisting  almost  entirely  of  ^^ft^n^d^  md  ««»»»*^ 
add.    The  formation  of  the  latter  is  represented  by  the  equatioii : 

C*H(NH«)0*     -    H«0     «     C«H«N0». 

The  add  residue  is  treated  with  cold  water;  the  filtered  solution  is  neatnliaed  wiOk 
ammonia  and  precipitated  by  a  saturated  solution  of  a  barium-salt ;  and  the  lesolting 
crystalline  predpitete  of  oxamate  of  barium  purified  by  solution  in  boiliiv  mtor 
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(deoolorichig  with  animal  cliaiooal  if  neoeesary)  and  ciystallisation.  The  cnrstab  are 
then  decomposed  with  an  equivalent  quantity  of  yerj  dilute  sulphuric  acio,  and  th« 
iUtiate  is  evaporated  to  the  crystaUisiug  points 

The  acid  may  also  be  obtained  by  decomposiug  the  silver-salt  with  dry  hydrochlorio 
add  gas,  treating  the  product  with  boiling  absolute  alcohol,  and  evaporating  tha 
filtrate. 

Ozamic  acid  is  also  produced,  as  an  ammonium -salt^  by  boiling  ozamide  with  aqueous 
ammonia: 

C*H^NK)«  +  H»0     -     C«H«(NH«)NO». 

• 

After  the  boiling  has  been  continued  for  some  time,  the  ammonia  being  always  kept  in 
excess,  the  solution  on  cooling  deposits  nothing  but'groups  of  slender  prisms,  consisting 
of  ammonium-oxamate ;  and  the  saturated  solution  of  this  salt  mixed  with  strong 
hydrochloric  acid,  and  left  to  itself  for  twelve  hours,  deposits  oxamic  acid  as  a  white 
powder,  which  may  be  washed  with  cold  water  and  left  to  dry  at  the  ordinary  tempera- 
ture.   (Toussaint) 

Oxamic  acid  is  a  white  crystalline  powder  sparingly  soluble  in  cold  water,  still  less 
soluble  in  alcohol,  insoluble  in  ether.  According  to  Toussaint,  it  dissolves  in  58  pfas. 
water  at  18^ ;  in  another  experiment  with  the  aod  separated  from  mercurous  oxamate 
he  found  that  it  required  71  pts.  water  at  14^  to  dissolve  it.  By  boiling  with  water  it 
is  quickly  converted  into  acid  oxalate  of  ammonium.  Heated  with  caustic  alkalis  or 
with  adds  it  is  resolved  into  ammonia  and  oxalic  add.  It  melts  at  173^,  and  is 
decomposed  into  water,  oxamide  and  formic  acid.   (Toussaint) 

OxAMATSs.  Oxamic  acid  is  monobasic,  the  formula  of  its  salts  beiug  CH'MNO' 
or  OH^M^NH)*,  according  to  the  atomidty  of  the  metaL  The  ammonium-salt 
CH*(KH^)KO'  forms  stelUte  groups  of  smtul  anhydrous  prisms,  which  according  to 
S^narmont  (Jahresb.  1857,  p.  296)  are  monoclinic,  exhibiting  the  combination 
ooF .  [  qdP21  .  [  ooPao  ]  .  oP.  The  dinodiagonal  is  to  the  orthodia^onal  as  0'6489  : 1. 
Angle  of  indined  axes  »  64^  23' ;  ooP  :  ooP  in  the  dinodiagonsd  prindpal  section 
«  1190  20';  [ooP2]  :  [ooP2l,  in  the  same  -  81°  2';  oP :  ooP  -  111°  56'.~The 
barium'Sait,  C'H'fia  N^O'.SHK),  is  a  crystalline  precipitate  which  giyes  off  its  water  at 
160°  (Balard).— The  cuprie  soli,  C*H*Cu"N*0«.H«0,  is  obtained  by  predpitation  as 
a  bine  granular  powder  soluble  in  hydrochloric  add,  less  soluble  in  water  and  in  nitric 
add.  The  hydrochloric  add  solution  of  the  predpitate  is  coloured  blue  by  potaeh, 
bat  predpitated  only  at  the  boiling  heat  (Bacaloglio).-»The  ferrous  salt, 
C*H'*Fe''N*0*.H*0,  forms  yellow  microscopic  crystals.  Recently  precipitated  ferrie 
kvdrate  dissolves  in  boiling  aqueous  oxamic  acid ;  but  the  solution  decomposes,  like 
the  oxalate,  on  exposnre  to  the  sunshine,  forming  a  yellow  predpitate.  The  eolation 
of  ferric  hydrate  in  acid  oxamate  of  potassium  deposits  green  crystals  on  cooling 
(Bacaloelio).~The  neutral  lead^sali,  C«HTb"NK^.H*0,  is  white,  crystalline,  spar- 
inatiy  solable  in  cold,  more  easily  in  hot  water ;  the  solution  has  an  add  reaction.  The 
md%  gives  off  its  water  (4*49  per  cent.)  at  100^,  but  does  not  decompose  at  175^.  The 
basic  lead-salt,  C*H*Pb''N«0«.Pb''0,  obtained  bjr  predpitating  basic  acetate  of  lead  with 
ammonium-oxamate,  is  a  white  precipitate,  insoluble  in  water  and  anhydrous  after 
being  treated  with  boiling  water  (Bacaloglio). — The  Tnercurous  and  ptercuHe  salis 
are  white  predpitates,  obtained  by  heating  the  solutions  of  the  nitrates  with  ammonium 
ox&mate  (Bacaloglio).<-The  nickel-salt,  C^H<Ni"N>0*.H<0,  is  a  greenish-white 
muinlar  powder  sparingly  soluble  in  hot  water  (Bacaloglio). — ^The  silver'Salt, 
C'H'AgNO',  obtained  by  treating  a  solution  of  silver-nitrate  with  bariuro-oxamate, 
aepfuates  as  the  liquid  cools  in  colourless  silky  needles,  which  are  decomposed  by 
exposnre  to  the  light,  the  silver  separating  on  the  surface  and  blackening  them. 
(Balard.) 

H«    ^^ 

4KBAmO  STHXMa    In  the  molecule  of  oxamic  add  (C^O^f  v^v,  dther    the 

H     )^ 
hydjuggn  belonging  to  the  water^type,  or  that  belonging  to  the  ammonia-type,  may  be 
replaced  by  aleonol-radidea.    In  the  former  case  neutru  ethers  are  formed,  belonging 
to  the  dasa  of  amethanes  (i.  198X  of  which  the  following  are  known : 

Jiethylie  Oxamate  or  Oxamtl^lane   •       .    C«H^N0«    -    (C^OtI? 

CH»    )" 

EthyUc  Oxamate  or  Ozamethane        .       .    CH^NO*    «-    (G'0*)7^ 
AmyHe  Ozamata  (v  Ozajnylane         -        .  C»H»«NO-    -    (CK)«)r^Q 
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Thej  are  produced  by  the  action  of  diy  ammonia  on  the  ooxreeponding  nentnl  ozalie 
•then. 

In  the  latter  case,  monobasic  acid  ethers  are  produced,  which,  if  only  one  atom  of 
hydrogen  is  replaced,  are  metameric  with  those  of  the  preceding  class  containing  the 
same  alcohol-radicles.  They  are  obtained  by  dehydration  of  the  acid  oxalates  of  th« 
ooixesponding  amines.    The  following  have  been  prepared : 

Mcthyl-oxamic  acid        .        .        .    C»H»NO»     -    (CK)«/l^ 
Ethyl-oxamic  add  .        .        .    OH^O*     -     (C*0»/'lJ 

Phenyl-oxamic  acid        .        .        .    C«H'NO»    -     (C^O*)*!.^ 

The  replacement  of  both  hydrogen-atoms  belonging  to  the  ammonia-type  wonld 
likewise  yield  monobasic  adds :  none  of  these  are  howcTer'  known  in  the  firee  states 
but  the  ethylic  ethers  of  dimethyl-  and  diethyl-oxamic  acids  hare  been  obtained, 
Tiz.: 

EthyUc  Dimethyloxamate      .        .    C«H»NO»     -     (CO*)"  IS 

C«H*  i" 

(C*H»)»)^ 

EthyUc  Diethyloxamate         .        .    C^'*NO»     -     (CO*)").?^ 

C«H»  )" 

m 

Amylio  Osamatev  or  Oxamylaae.  C'H^'NO*. — ^This  compound  is  prodaced 
by  the  action  of  ammonia  in  the  gaseous  state  or  in  alcoholic  solution  on  nential 
amylio  oxalate : 

It  is  soluble  in  alcohol,  whence  it  separates  on  eTaporation  in  rudimentary  ill- 
defined  crystals.  It  is  decomposed  by  boiling  water,  yielding  amylie  alcohol  and 
oxamic  acid. 

BtbyUo OzaamtM.— a.  Oxamethane.    C'H'NO' -  (C*0*r>^.— <Dnmas  and 

C»H»  )" 
Boullay,  Ann.  Ch.  Phys.  [2]  xxzTii.40. — Dumas,  ibid.  liv.  241.— Liebig,  Ann.  Ch. 
Pharm.  ix.  129). — Prepared  by  passing  dry  ammonia  gas  through  dry  ethylic  oxalate 
till  it  solidifies.  The  resulting  mass  is  washed  with  alcohol,  and  the  solution  is  eyaponted 
till  it  cr}'8talli8es. 

Oxaraethane  fwrns  unctuous  pearly  crystals  belonging  to  the  trimetrie  system. 
Dominant  form,  Poo  .  od!^qo  .  oof^  .  ool'2.  Ratio  of  axes,  a  '.  b  :  c  *»  0*924  :  1  : 
0-716.  Angle  foo  :  oof>oo  »  125°  33';  ooP  :  ooPoo  =  132<>43';  oo{>2  :  ootoo 
=  161<^  34'.  It  melts  at  110°  and  distils  at  220<>.  Vapour-density  (calc  for  2  toL) 
B  4*056  It  difsolres  rery  readily  in  cold  watrr  and  in  alcohol.  By  boiling  with. 
wat^  it  is  conrerted  into  alcohol  and  acid  oxalate  of  ammonium : 

C^H'NO"     +     2H«0       -      C»H(NH<)0*     +     C*H*0. 

Ammonia  converts  it  into  alcohol  and  oxamide : 

C*H^NO>     +     NH«      =      C*H«0     +     C*H«N»0«. 

According  to  Balard,  the  aqueous  solution  of  oxamethane  boiled  with  a  small  quantity 
of  ammonia,  yields  oxamate  of  ammonium.  Boiled  with  baryta-water  it  gires  off 
ammonia  and  forms  a  sparingly  soluble  barium-salt.  Potaah  and  soda  under  the  same 
circumstances  eliminate  ammonia  and  form  ethyl-oxalates. 

fi.  Chloroxamethane,  C*B*C\*^0'.  Ch/oroxethamde.  (Malaguti,  Ann.  Ch. 
Phys.  Ixxiv.  304 ;  ibid.  [3]  xv.  49).— Produced  by  the  action  of  dry  ammonia-gas  on 
perchloroxalic  ether : 

C«(C»C1»)»0*     +     2NH»      »       C*H«C1»N0»     +     C«H«a«NO     +     2flCL 

P«rchi.>rox«lie  Chloraxamethaoe.  TrichloraceU 

ether.  amide. 

"When  dry  ammonia-gas  is  passed  into  a  tubulated  retort  containing  pulrezised 
perehloroxalie  ether,  the  temperature  rises,  a  floecnlent  substance  is  deposited  on  the 
sides  of  the  retort,  and  a  fetid  odour  is  eTolyed.    When  the  action  has  ceased,  tfaa 
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fetatt  is  fimnd  to  be  lined  with  small  iridesoent  laminae.  The  whole  is  treated  with 
ether,  the  solution  filtered  from  sal-ammoniac,  and  the  erystals  which  form  on  evapora- 
tion are  pressed  between  paper  and  purified  by  solution  in  hot  water,  treatment  with 
snimal  cnarooal,  and  repeated  crystallisation. 

Chlorozamethane  forms  white  crystals  belonging  to  the  trimetric  system,  and 
isomorphotts  with  ozamethane.  Dominant  form,  Poo  .  ooJrf .  ooj'ao.  Batioof  theaxes 
«  :  5  :  c  »  0*924  :  1 :  0*715.  Inclination  of  the  faces,  Pco  .^<x>  »  125<'  33' :  ooi>{  : 
ootoo  —  120® ;  ooff  :  ootf  «  120°.  It  is  sparingly  soluble  in  cold  water,  rery 
soluble  in  boiling  water,  alcohol,  and  ether;  the  solution  is  not  precipitated  by  nitrate  of 
ailrer  or  by  soluble  calcium-salts.  It  has  a  saccharine  taste,  with  bitter  after-taste.  It 
melts  at  134°,  but  a  considerable  portion  sublimes  before  melting.  Boiling  point 
abore  200°. 

Boiled  for  some  time  with  potash,  it  ultimately  disappears,  gives  ofifa  large  quantity 
of  ammonia,  and  yields  oxalate  and  chloride  of  potassium,  together  with  another 
chlorinated  salt.  Aqueous  ammonia  dissolves  it  completely  in  a  few  days,  producing 
ehlorttkyloxalaU  of  ammonium. 

In  consequence  of  the  different  behaviour  of  oxamethane  and  chloroxaraethane  with 
ammonia  and  potash,  Gerhardt  and  Malaguti  suppose  that  they  belong  to  different  types. 

r  Ethyloxamio  acid,  C*H'NO»   -  (C5«0«)''Iq — Formed    in  small  quantity; 

when  oxalate  of  ethylamine  mixed  with  excess  of  (»[alic  acid,  is  melted  for  some  time 
in  an  oil-bath  at  180°:  C«H(C*H«N)0*  -  HH)  «  C^H'NO*.  (Wurtz,  Ann.  Ch. 
Phys.  [3]  XXX.  466.) 

«.£^Ay;«c2>f>/*y/o*aOTai«,(>H»NO»«(C«0»)''VQ.--Thi8Compoundi8  produced 

by  the  action  of  diethylamine  on  oxalic  ether  (ii.  555).  It  is  a  liquid  which  boils  at 
260°,  is  resolved  by  boiling  with  alkalis  into  oxalic  acid,  alcohol,  and  diethylamine* 
and,  when  heated  with  alconolic  ammonia,  is  converted  into  a  substance  which  is  iso- 
meric with  diethyloxamide,  C^H"N*0*  (p.  284).    (Hofmann,  Gompt.  rend.  lii.  902.) 

MetbjUe  OxamatM.  a.  Oxamethylane,  C*H*NO*.— Prepared  by  saturating 
fused  methylic  oxalate  with  dry  ammonia  gas  till  the  whole  solidifies  to  a  crystalline 
mass.  The  product  dissolved  in  boiling  alcohol  crystallises  on  cooling  or  evaporation 
in  cubic  crystals  having  a  nacreous  lustre.  When  boiled  with  water  to  which  a  few 
dxops  of  ammonia  are  added  from  time  to  time  to  neutralise  the  acid  which  is  produced, 
the  oxamethylane  is  completely  converted  into  oxamate  of  ammonium  and  methylic 
alcohoL    (Dumas  and  P^ligot,  Ann.  Ch.  Phys.  [3]  Iviii.  60.) 

H.CH»)  ^ 

3.   Methyloxamicacid,C^WSiQ^  =  (CO*)"  >  q.— Produced,  with  elimination  of 

water,  by  heating  add  oxalate  of  methylamine  to  about  160° :  C^(CH*N)0  —  H*0 
M  CH^NO*.  Part  of  the  methyloxamic  acid  remains  in  the  residue,  while  another 
portion  volatilises,  and  sometimes  forms  a  ciystalline  strongly  add  sublimate  on  the 
neck  of  tbe  retort.  A  considerable  portion  of  the  acid  oi^ate  of  methylamine  is^ 
however,  converted  into  neutral  oxalate,  and  subsequently  into  dimethyloxamide,  ^ich 
also  crystallises  in  the  neck  of  the  retort  It  is  advisable,,  therefore,  to  interrupt  the 
distillation  after  a  while,  and  add  a  little  oxalic  acid  to  the  residue.  When  the  decom- 
position is  supposed  to  be  complete,  both  the  distillate  and  the  residue  are  to  be 
dissolved  in  hot  water,  the  solution  saturated  with  chalk,  and  filtered.  The  concentrated 
solution  deposits,  on  cooling,  a  mixture  of  caldc  methyloxamate  and  dimethyloxamide, 
which  are  easily  separated  by  heat,  the  dimethyloxamide  then  volatilising,  while  the 
caldc  methyloxamate  remains  unaltered ;  it  may  be  purified  by  cxystalluation  from 
hot  water. 

Methyloxamic  add  forms  a  crystalline  sublimate.  The  calcium'^t,  G*H'Ca''N*0% 
separates  from  its  hot  aqueous  solution  in  small  well-defined  crystals.  (Wurtz,  Ann. 
Gh.  Phys.  [3]  xxx.  465.) 


C«H»  )  " 


y.  Ethylio  Dimetkyloxamate,  (>H»NO«  -  (CO'/'J-t; Produced,  like  the 

C«H»  )  " 

corresponding  diethyloxamate,  by  the  action  of  dimethylamine  on  oxalic  ether.  It  is  a 
liquid  boiling  between  250°  and  260°,  and  resolved  by  distillation  with  potash  into 
jJoohol,  dimethylamineL  and  oxalate  of  potassium.    (Hofmann,  iii  998.) 

H.C«H») 
or  OzABilio  Aold*  C^'NC  «  (C*OY|'0   (Laurent   and 
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Liebig  (Ann.  Ch.  Pharm.  cziiL  146)  has  shovn  that  an  aqueous  lolution  of  cyaaogea 
Gerhardt,  Ann.  Ch.  Phys.  [3]  zxiv.  166). — To  prepare  this  compound,  aniline  mixed 
with  a  very  large  excess  of  oxalic  acid  is  fused  for  ten  minutes  at  a  high  temperature ; 
the  cooled  mass  boiled  with  water;  and  the  solution  filtered  from  the  oxanilide; 
whereupon  it  yields,  on  cooling,  crystals  of  acid  oxanilate  of  aniline,  whilst  a  portion  of 
the  salt,  together  with  a  small  quantity  of  formanilide  and  a  large  quantity  of  oxalic 
acid,  remains  in  the  mother-liquor,  from  which,  by  precipitation  at  a  boiling  heat  with 
chloride  of  calcium,  filtering  while  hot  from  Uie  oxalate  of  calcium,  and  cooling,  an 
additional  crop  of  crystals  of  <*alcic  oxanilate  may  be  obtained.  The  above-mentioned 
brown  crystals,  which  cannot  be  decolorised  by  reciystallisation,  are  converted,  either 
by  boiling  with  baryta-water,  or  by  solution  in  ammonia  and  precipitation  with  dilorida 
of  barium,  into  oxanilate  of  barium,  which  must  be  washed  with  cold  water,  and  deoom.- 
posed  by  boiling  with  an  equivalent  quantity  of  sulphuric  add  ([an  excess  decomposes 
the  oxanilic  acid),  after  which  the  filtrate  deposits  the  oxaniUc  add  in  crystals  bj 
evaporation — or  they  mav  be  converted  into  the  calcium-salt  by  solution  in  ammonia 
and  precipitation  with  chloride  of  caldum,  and  that  salt  decomposed  by  sulphuric  add 
mixed  with  alcohoL 

Phenyloxamic  acid  forms  beautiful  laminae,  which  redden  litmus  strongly,  dissolve 
sparingly  in  cold,  abundantly  in  hot  water,  easily  in  alcohol.  When  heated,  it  gives 
off  carbonic  oxide^  carbonic  anhydride  and  water,  and  is  converted  into  pure  ooDuiilide : 

2C«H'N0«       -      C"H»2^«0«     +     CO     +     C0«     +     H'O. 

By  boiling  with  dilute  hydrochloric  or  sulphtmo  add,  it  is  resolved  into  hydrochlomte 
or  sulphate  of  aniline,  and  free  oxalic  add.  With  a  boiling  concentrated  solution  of 
potash  it  gives  off  aniline. 

The  phenyloxamates  or  oxanilates,  which  are  isomeric  with  the  isatates, 
give  off  the  whole  of  their  aniline  when  heated  with  hydrate  of  potassium,  and  a  portion 
when  boiled  with  potash-ley  or  strong  acetic  add. 

Ammonium-scUta. — The  neutral  salt,  C*H*(NH^)NO',  fonns  beautiful  Isminie,  which 
dissolve  spsringly  in  cold,  very  easily  in  boiling  water,  and  in  alcohoL — The  acid 
salt,  C*H^Nfl«)NO>.G*H'NO*,  obtained  by  predpitating  the  solution  of  the  neutral  salt 
with  hydrochloric  add,  and  leaving  the  precipitate  to  cEystalliae,  forms  scales,  sparingly 
soluble  in  cold  water.  Both  salts  begin  to  decompose  at  190°,  give  off  ammonii^  and 
afterwards  carbonic  oxide  and  carbcmic  anhydride,  together  with  a  small  quantity  of 
aniline,  and  leave  oxanilide. 

Barium-salt. — The  white  crystalline  predpitate,  which  the  ammoninm-oalt  forms 
with  chloride  of  barium,  crystallises  from  the  solution  in  boiling  water,  in  specular 
rhombic  scales,  which  contain  29 '15  per  cent  barium,  and  are  therefore  CH^Ba^NK)*. 

{/O^tttm-M;/^.— Obtained  in  a  similar  manner  with  chloride  of  calcium.  Tufts  of 
needles  containing  10-8  per  cent  ealdum,  therefore  C*'H"Ca''N'0*. 

BHver-salU — Obtained  in  like  manner  with  nitrate  of  silver.  White  tabular  czystals 
which  are  neariy  insoluble  in  cold,  but  dissolve  readily  in  hot  water.  They  contain 
89-8  per  cent  silver:  therefore  C*H"AgNO'. 

NiTBAzopHBiTTLOXAHio  Acid.     See  NzTBAZ07Hxirn.AMiifB,  under  P&BimjL- 

L    C«HWO»  «  ^^4'^"|n«  (Gm.  ix.  262;   Gerh.  i  276).— This 

compound  was  first  obtained  by  Bauh  of  in  1817,  on  mixing  oxalic  ether  with  aqueous 
ammonia,  but  it  was  regarded  as  a  compound  of  oxalic  ether  and  ammonia,  till  Liebig^ 
in  1834,  showed  it  to  be  identical  with  the  oxamide  which  Dumas  had  obtained  in 
1830  by  the  action  of  heat  on  neutral  oxalate  of  ammonium  (p.  252). 

When  neutral  oxslate  of  ammonium  is  subjected  to  diy  distillation,  till  the  reridna 
disappears,  oxamide  is  obtained,  partly  sublimed  in  the  neck  of  the  retort  together 
with  curbonate  of  ammonium,  partly  floating  in  flakes  on  the  watery  distillate.  The 
whole  is  suspended  in  water,  and  the  oxamide,  amounting  to  4  or  5  per  cent  of  the 
ammonium  salt,  is  collected  in  a  Alter  and  washed  with  water  (Dumas).  In  tiua 
process,  however,  a  considerable  qusjitity  of  the  oxamide  is  decomposed  by  the  heat, 
ilence  it  is  more  advantageous  to  prepare  it  by  the  action  of  ammonia  on  oxalic  ether 
(p.  269).  For  this  purpose  aqueous  ammonia  is  mixed  with  oxalic  ether,  eiUier  pure 
or  dissolved  in  alcohol,  and  the  predpitated  oxamide  is  washed  with  wat«r  and  alcohol 
(Bauhof  and  Liebig).  Or  the  distillate  obtained  from  1  pt  of  salt  of  sorrel,  1  Bt 
alcohol,  and  2  pts.  oil  of  vitriol,  may  be  immediately  shaken  up  with  aqueous  ammonia. 
The  dear  mixture  becomes  heated  and  deposits  oxamide,  which  must  be  wadied  ftrst 
with  water  and  then  with  alcohol.    (Liebig.) 

Oxamide  is  also  formed  from  cyanogen  and  cyanides.  PI  ay  fa  ir  found  it  amongst 
the  products  of  the  action  of  nitric  add  on  ferxocyanide  of  potassium  (ii.  251). 
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mixed  with  aldehyde  gmdoally  deposits  czystals  of  ozamide,  the  whole  of  the  cyanogen 
being  thereby  converted  into  ozamide,  while  the  aldehyde  appears  to  undergo  no 
alteration,  aa  the  solution,  if  again  saturated  with  cyanogen,  yields  an  additional 
quantity  of  oxamide.  An  aqueous  solution  of  hydrocyanic  acid,  mixed  with  peroxide 
of  hydrogen,  gradually  yields  a  crystalline  deposit  of  oxamide :  2GNH  +  H*0'  -■ 
Cfi*NH>'.  Oxamide  is  also  formed  when  a  mixture  of  potassium-cyanide  and 
yp^tngmnii*  peroxidfi  is  heated  with  a  small  quantity  of  sulphuric  acid«  (A ttf  i  eld,  Chem. 
Boc.  J.  XTi.  94.) 

A  small  quantity  of  oxamide  appears  to  be  sometimes  formed  by  the  action  of  nitric 
•eid  upon  acetone.    (Riche,  Jahrasb.  1869,  p.  340.) 

Frc^tertUg. — Oxamide  is  a  light  white  powder,  tasteless,  odouriess,  and  insoluble  in 
cold  water.  Boiiing  water  dissolves  it  in  small  quantity,  and  deposits  it  on  cooling  in 
erystalline  flocks.  The  solution  is  neutral  to  test-papers,  and  does  not  procipitate 
eaicinm  salts.    Oxamide  is  insoluble  in  alcohol, 

Decampoeitiofu, — 1.  Oxamide  heatedin  an  open  tube  volatilises  andformsaconAisedly 
crystalline  sublimate ;  heated  in  a  retort  it  decomposes  partially,  leaving  a  residue  of 
charcoaL  The  vapour  passed  through  a  red-hot  glass  tube  2  feet  long,  is  completely 
resolved,  without  deposition  of  carbon,  into  carbonic  oxide,  carbonate  of  ammonium, 
hydrocyanic  add,  and  urea  (Liebig) : 

2C»H*N«0«     -     CO  +   C0«  +  NH«  +  CNH  +  CH«N»0. 

OxamVle.  UreA. 

But  when  hermetically  sealed  in  a  metal  tube  (which  conducts  the  heat  well)  and 
heated  for  some  minutes  to  310°,  it  is  partially  decomposed,  yielding  cyanogen,  carbonic 
anhydride,  and  ammonia  (Malaguti).  The  first  products  are  probably  cyanogen 
and  water: 

C«H*N«0«     -     2CN  +   2H«0; 

hot  the  water,  acting  at  200°^on  another  portion  of  the  oxamide,  forms  oxalate  of 
ammonium: 

C«H*N»0«  +   2BP0     =     C«(NH«)*0^ 

and  the  oxalate  of  ammonium  is  resolved  at  220^  into  ammonia,  carbonic  anhydride, 
and  carbonic  oxide.  Similarly,  a  mixtore  of  oxamide  and  sand,  heated  in  a  retort  to 
300/O — 330^,  yields  nothing  bat  cyanogen,  carbonic  oxide,  and  carbonate  of  ammonium. 
(Malaguti) 

2.  Heated  with  phosphoric  anhydride,  it  yields  a  large  quantity  of  cyanogen, 
together  with  carbonic  anhydride  and  carbonic  oxide,  (Bertagnini,  Ann.  Gh.  Fhann. 
dv.  176.) 

3.  Oxamide,  kept  in  contact  for  some  time  with  saturated  chlorine-Vfater,  disappears 
completely,  forming  hydrochloric  acid,  oxalic  acid,  and  probably  also  chloride  of 
nitrogen,  which  then  undergoes  further  decomposition,  but  without  formation  of  sal- 
ammoniac    (Malaguti^ 

4.  Oxamide,  boiled  witn  a  fourfold  quantity  of  nitric  aeid,  of  specific  gravity  1*36, 
ia  resolved  into  a  mixture  of  1  voL  nitrogen,  1  voL  nitrous  oxide,  and  2  vol.  carbonic 
anhydride  (Malaguti) : 

C*H^N*0«  +  2HN0«     -     N«  +  N'O   +   2C0«  +   3H«0. 

Aeeording  to  Bauho^  nitric  acid,  even  when  hot)  has  no  action  upon  oxamide;  accord- 
ing to  O.  Henry  and.  Plisson,  strong  nitric  acid  forms  with  it  ammonia  and  carbonic 
anhydride. 

6.  With  strong  etdphurio  acid,  but  only  when  heated,  oxamide  forms  carbonio 
oxide  and  carbonic  anhydride  in  eqiuJ  volumes,  ammonia  remainuu  behind  in  com- 
bination with  the  sulphuric  acid,  which  remains  colourless  (Bumaa^Xiebig): 

C*HWO»  +  HK)     -     CO  +  C0«  +  2NH«. 

6.  An  thestrunger  adds  in  the  dilute  state  decompose  oxamide,  yielding  an  ammonium- 
salt  and  free  oxaUc  add.    (O.  Henry  and  Plisson.) 

C*H*N«0«  +  H«SO*  +  H«0     -    (NHySO«  +  CTi«0«. 

Snch  is  the  action  exerted  by  sulphuric,  hydrochloric,  nitric,  and  tartaric  add,  as  well 
aa  by  oxalic  add  itself;  but  not  by  acetic  add,  which  indeed,  when  boiled  with 
oxamide^  goes  off  in  vi^ur  without  exerting  any  action.    (O.  Henry  and  Plisson.) 

7.  Oxamide  is  not  altered  by  fourteen  days*  contact  witii  cold  water,  or  by  boiling 
vith  water ;  but  when  heated  with  water  to  224°  und«r  increased  pressure,  it  yields  a 
Hqvid,  which  is  add  after  evaporation,  gives  off  ammonia  with  hydrated  oxide  of 
lead,  and  yields  an  abundant  precipitate  with  caldum-talts.  (0.  H eary  and  PI iiao&.>. 
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8.  Oxamide,  heated  with  aqaeonB  alkaUa^  is  resolred  into  alkaline  oxalate  and 
ammonia^  which  volatilises,  withont  any  trace  of  alcohol  (Dumas) : 

C*H«N»0«  +  2B:H0     -     C«K«0*  +  2NH». 

Aqueous  anvmonia  decomposes  oxamide,  even  at  ordinary  tempemtures,  gradually 
dissolving  it  in  the  same  manner  (O.  Henry  and  Plisson).  By  continued 
boiling  with  aqueous  ammonia,  oxamide  is  converted  into  oxamic  acid  (Tons saint, 
p.  279).  Boiling  carbonate  of  potassium,  according  to  Bauhof,  has  no  action  upon 
oxamide. 

The  boiling  aqueous  solution  of  oxamide  does  not  precipitate  nitrate  or  acetate  of 
lead;  but  on  the  addition  of  a  small  quantity  of  ammonia,  and  application  of  h  '»t  it 
UirowB  down  basic  oxalate  of  lead ;  the  decomposition  of  oxamiae  into  oxalic  add 
and  ammonia  takes  place  much  more  quickly  under  these  circumstances  than  under 
the  influence  of  acids  or  alkalis  alone,  being  assisted  probably  by  the  insolubility  of  the 
lead-salt    (Felouse.) 

9.  On  gentler  heating  oxamide  in  contact  with  potassium,  cyanide  of  potassium  is 
formed  with  vivid  deflagration  (Lie big) — probably  thus : 

C«H*N«0«  +  K«     -    2CNK  +  2KH0  +  H«. 

10.  When  oxamide  is  boiled  with  water,  and  mercuric  oxide  is  gradually  added,  a 
compound  of  the  bodies  containing  20''H^N'0'.Hg''0  separates  as  a  white  powder 
(Dessaignes).  But  dry  oxamide  heated  with  mercuric  oxide,  is  oxidised,  yielding 
urea  and  carbonic  anhydride  (Williamson): 

C«H*N»0«  +  Hg'O     -     CH*N«0  +   C0«  +  Hg. 
Oxatnides  containing  Alcohol -radicles. 

IMmetliyloxaiiilde.    C*H^NO«    «  (CH«)«  >N«XWurtz,  Ann.Ch.  Phy8.[3]  xxx. 

H*      ' 

464). — ^Neutral  oxalate  of  methylamine  is  resolved  by  dry  distillation  into  water  and 
dimethyloxamide : 

(?(CH»N)«0*      -      C«H»N«0«     +     2H*0. 

The  transformation  is  much  more  complete  than  that  of  oxalate  of  ammonium  into  ox- 
amide, because  dimethyloxamide  is  much  more  volatile  than  oxamide.  The  dimethyl- 
oxamide collects  in  the  neck  of  the  retort  in  the  form  of  long  delicate  needles  inter- 
lacing each  other  in  all  directions. 

The  compound  is  also  produced  by  the  action  of  a  solution  of  methylamine  on 
oxalic  ether,  the  products  being  alcohol  and  dimethyloxamide : 

C«(C*H*)«0^     +     2CH»N       =      2C*H«0     +     C«H»N«0«. 

This  is  the  better  mode  of  preparation.  The  reaction  takes  place  immediately,  with  evo- 
lution of  heat,  the  product  being  a  white  magma  composed  of  delicate  needles;  these 
dissolve  readily  in  hot  water,  and,  as  the  solution  cools^  the  dimethyloxamide  crystal- 
lises in  the  form  of  lone  interlaced  needles.  It  dissolves  in  alcohol  less  readily  than 
in  water.  The  fixed  alkalis  decompose  it  easily,  with  evolution  of  methylamine  and. 
formation  of  an  alkaline  oxalate : 

OH«N«0*     +     2KH0      =       C*K«0*     +     2CH»N. 

It  is  carbonised  by  phosphoric  anhydride. 

IMetbyloxamiae.    OH»«N*0«     =     (C*H*)«lN«  (Wurta,  Ann.  Ch.  Phya.  [8] 

H«    j 
XXX.  490). — Obtained  by  methods  precisely  similar  to  those  which  yield  dimethyl- 
oxamide ;  the  reaction  of  ethylamine  on  oxalic  ether  affords  the  best  mode  of  pre- 
paration. 

Diethyloxamide  is  more  soluble  in  alcohol  and  water  than  oxamide.  From  the 
alcoholic  solution  it  crystallises  in  beautiful  needles.  It  is  volatile,  and  condenses  on 
the  surface  of  cold  bodies  in  woolly  crystals.  Potash  decomposes  it,  forming  ethyl- 
amine and  oxalate  of  potassium : 

C«H»*NH)»     +     2B:H0     -     C«KK)«     +     2C«H^. 

Phosphoric  anhydride  carbonises  it. 

Hofmann,  by  acting  on  ethylic  diethyloxamate  (p.  281)  with  ammonia,  obtained  a 
compound  metameric  with  that  just  described,  but  cUfferine  from  it  in  the  mode  of  its 
deeompoeition  by  alkalis,  yieldiig,  not  2  at  methylamine,  but  1  at.  diethylamine  and 
1  at  ammonia.  It  may,  in  fiu^  be  regarded  as  consisting  of  a  molecule  of  diethylamine 
and  a  mdleciile  of  ammonia,  bound  together  by  the  diatomic  radicle  oxalyl : 
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;CK)«rP      +     2KH0      -      C«K«0*     +     C*H>'N     +     H»N. 

Wiirtz*B  diethTlozamide,  on  the  other  hand,  connsts  of  2  at.  ethjlamine  bound  to- 
gether in  a  similar  maDner. 

jMamjrlMuuiilde.    C*^VN-0«    -  (0»H"]^  VN*  (Wurtz,  loc.  ct7.).— Obtained 

H«    ) 
by  heating  eth  jlic  oxalate  with  amylamine.    It  solidifies  to  a  mass  of  silky  needles, 
melting  at  139^,  and  perfectly  volatile.     It  is  insoluble  in  water,  but  dissolves  in  hot 
alooho^  from  which  it  separates  almost  wholly  on  cooling. 

VapbtliyUcfeBUiildes.    a.  DmAFHTHTi/-oxA]in>B.     Oxanaphthalide.    C*>H"N*0' 
(C»«B[»)») 
«     (0»0*r  VN"   (Zinin,  Ann.  Ch.    Pharm.  cviii.   22).— Produced,  together  with 
H«     ) 

naphthyUformamide,  by  the  action  of  heat  on  neutral  or  acid  oxalate  of  naphthylamine. 
(Por  the  mode  of  formation  and  preparation,  see  ii.  681.)  It  forms  small  scales  insoluble 
in  water,  sparingly  soluble  in  boihng  alcohol,  melting  at  about  200®.  When  heated 
above  its  melting  pointy  it  is  gradually  decomposed,  giving  off  carbonic  oxide  and  leaving 
dinaphthylcarb^ide.  When  boiled  with  alcoholic  potash,  or  heated  with  yeiy 
fftzong  aqueous  potashf  it  is  resolved  into  naphthylamine  and  oxalic  acid. 

fi,  CrAHO-DnrAFHTHTLoxAMiDB.    Menaphthoximtde.    OTH'^N'O'     —     '    qJ  j-N* 

Hj 
(Perk in,  Giem.  Soc.  Qu.  J.  ix.  8).  This  compound,  which  has  the  composition  of 
add  oxalate  ofmenaphthylamine^'ntM  2  at.  water  (C^'H^N'.GfE'O*  ^  2HK)  » 
C7*H**N'0'),  is  deposited  from  an  alcoholic  solution  of  dicyanide  of  menaphthylamine 
(p.  24)  mixed  with  hydrochloric  acid  and  left  at  rest)  in  small  yellow  spangles 
insoluble  in  water,  very  slightly  soluble  in  alcohol  and  ether.  It  melts  at  2459, 
and  decomposes  at  260®,  emitting  white  vapours  probably  containing  cyanate  of 
naphthyL  Bj  aqueous  potash  and  hj  acids,  it  is  resolved  into  oxalic  acid  and  menaph- 
thylajmne. 

Vlieiij'lozanildas.       a.    Monofhentloxahidb    or    Oxamilauide,    C'H^K'O' 
(CH)*)") 
«      OH»  VK*(A.  W.  Hofmann,  Ann.  Ch.  Pharm.  Ixxiii  181).~Thifl  body  is 

H«  ) 
found  among  the  products  of  the  decomposition  of  cyaniline  by  hydrochloric  acid.  To 
prepare  it^  a  solution  of  cyaniline  in  dilute  hydrochloric  acid  is  evaporated;  the  white 
ciTStalline  mass  is  freed  from  sal-ammoniac  and  hydrochlorate  of  aniline  by  digestion  in 
cold  water;  the  residue  well  boiled  with  water;  the  solution  evaporated  to  diyness 
after  beingfiltered  fh)m  diphenyloxamide ;  and  the  residue  exhausted  by  boiling  with 
alcohol.  The  alcoholic  solution,  when  cooled  or  evaporated,  deposits  the  monophenyl- 
oxamide,  which  may  be  purified  by  recrystallisation  from  hot  water.  The  compound 
is  not  obtained  by  treating  oxamethane  with  aniline. 

Phenyloxamide  forms  snow-white,  silky,  capillary  flakes,  which  sublime  in  the 
form  of  a  soft  powder.  It  is  soluble  in  alcohol  and  ether,  and  crystaJlises  from  boiling 
water. 

Strong  sulphuric  acid  eliminates  carbonic  oxide  and  carbonic  acid  from  it,  and  leaves 
sulphate  of  ammonium  together  with  sulphanilic  add : 

2C^*N«0»  +   3H«S0*     »     2C0  +  2C0«  +  (C^H^SW  +  (NHO'SO*. 

The  originally  transparent  solution  in  strong  potash-4ey,  from  which  acids  throw 
down  the  phenyloxamide  unaltered,  becomes  gradually  douded  with  drops  of  aniline, 
the  more  quickly  as  it  is  stronger  and  warmer,  then  gives  off  ammonia,  and  forms 
csalate  of  potassium : 

C«HWK>«     +     2KH0      -     C^'N     +     NH»     +     OTPO*. 

(CO*)") 
iS.  DiPHBTTLOXAiaDB  or  OzAKiLiDB,  C'«H>'N*0>  «   (C«H»)«  >N*(Ger hard t,  Ann. 

H»    ) 
Ch.  PhySL  [8]  xiv.  120;  xv.  88; — J.  Pharm.  [8]  ix.  406; — Hofmann,  Ann.  Ch. 
Pharm.  Ixv.  66 ;  Ixxiii.  181 ;  Ixxiv.  85). — This  oompound  is  formed :  1.  Together  with 
phenjl-fermamide  by  heating  oxalate  of  aniline  to  between  160^  and  180^ : 
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(CWB['N)».0»H»O*      =-       C»«H»«NK)«     +     2H«0. 
Oxalate  of  aniline.  DIphenyloxamide. 

(OB*N)*C«H*0*      «      CH'NO     +     C-HrNT     +     C0«    +     H»0. 

Phenylform- 
amlde. 

The  application  of  heat  must  be  continued  till  the  eTolntion  of  gas  ceases,  and  the 
solidified  mass  exhausted  with  alcohol,  which  dissolve  the  phenylfonuamide,  and 
leaves  the  diphenylozamide.     (Gerhard t.) 

2.  Together  with  oxamide  and  monophenyloxamide,  in  the  deoompoaition  of  cyani* 
line  by  oQute  hydrochloric  or  sulphuric  acid : 

4C»*H"N*     +     8H*0     +     8HC1     «     4NH*Cl     +     4C^«NC1     +     CR^HHP 
Cjanltloe*  Hydrocblorate  Oxamide. 

of  aniline. 

+     2C«BPN«0«     +     C"H>«KK)* 
Pheoyloxamlde.  Diphenrl- 

oxaralde.  . 

The  solution  of  cyaniline  in  excesa  of  dilute  hydrochloric  acid  is  evaporated  over  tha 
water-bath ;  the  dry  residue  treated  with  cold  water  to  remove  sal-ammoniac  and  hydro- 
chlorate  of  aniline,  then  with  boiling  water,  to  dissolve  oxamide  andmonophenyloxamide ; 
and  the  diphenyloxamide  which  remains  undissolved  is  purified  by  solution  in  benzene, 
filtration,  and  evaporation,  and  by  washing  the  crystals  with  aloohoL    (Hofmann.) 

Properties. — Diphenyloxamide  crystallises  in  white  nacreous  scales,  which  melt  at 
245^,  and  solidify  in  a  radiating  mass  on  cooling.  It  boils  at  320°,  giving  off  a  sharp 
vspour  like  that  of  benaoic  and  distilling  for  the  most  part  without  decomposition,  and 
Bublimes  at  a  gentle  heat  in  iridescent  laminae.  It  does  not  dissolve  in  water  or  in 
dilute  sulphuric  acid,  even  at  the  boiling  heat,  but  dissolves  in  slightly  heated  Strang 
^phurie  add ;  and  is  precipitated  therefrom  without  alteration  by  water.  It  is  in- 
soluble in  cold,  sparingly  solable  in  boiling  alcohol,  more  soluble  in  bensene,  insoluUe 
in  ether. 

Decompositions. — 1.  Diphenyloxamide  subjected  to  rapid  distillation  yields  a  small 
quantity  of  oil  containing  a  trace  of  anilocyanic  acid,  which  gives  it  a  powerfhl  odour. 
— 2.  Bromine  acts  violently  upon  diphenyloxamide,  giving  off  hydrobromie  acid,  and 
forming  a  substance  which  dissolves  in  ether  and  crystallises  therefrom  (Gerhard t). 
— 3.  Hot  nitric  acid  gives  off  red  vapours  (Gerhardt).  Aqueous  chromic  aeid  and 
other  dilute  acids  do  not  act  upon  it,  even  when  heated. — The  solution  of  diphenyl- 
oxamide in  warm  oU  of  vitriol  effervesces  when  strongly  heated,  giving  off  carbonic 
oxide  and  carbonic  anhydride  in  equal  volumes ;  it  then  turns  slighUy  brown,  and,  on 
the  addition  of  a  small  quantity  of  water,  deposits  a  large  quantity  of  aniloaulphuric 
acid  in  the  form  of  a  white  crystalline  powder  (Gerhardt) : 

C"H»«N«0"     +     2H«S0*      -      (C«H'N)«SK)«     +     CO     +     CO"    +    H«0. 

5.  Diphenyloxamide  distilled  with  phosphoric  anhydride  or  chlOTide  of  zinc,  gives  off 
carbonic  oxide  and  carbonic  anhydride,  and  is  almost  completely  carbonised ;  never- 
theless, especially  with  phosphoric  anhydride,  the  oil  which  smells  of  anilocyanic  acid 
passes  over,  together  with  sublimed  diphenylcarbamide,  in  larger  quantity  than  whem  the 
diphenyloxamide  is  distilled  alone  (H  o  f  m  a  n  n). — 6.  Vapour  of  diphenyloxamide  passed 
over  red-hot  lime  yields  a  body  which  may  be  regarded  as  O^^H^V  (Hofmann). — 
7.  Diphenyloxamide  heated  with  dry  lime  gives  off  aniline,  and  becomes  partially  car- 
bonised, and  sometimes  heated  to  redness  (Gerhardt).  Anhydrous  baryta  eliminates 
Bcarcely  anything  but  aniline  (Hofmann).  Diphenyloxamide  neated  with  potash-lime, 
hydrate  of  potassium,  or  concentrated  (not  with  dilute)  potash-ley,  is  resolved  into  a 
distillate  of  aniline  and  a  residue  of  oxalate  of  potassium.    (Gerhardt) 

(CW»)»\ 

y.  Cruro-DEnDNTLOXAKiDB   or    Hblakoxdcids,    CH"NH)*     «        rw 

H 

(Hofmann,  Chem.  Soc.  Qu.  J.  ii.  807). — This  compound,  which  has  the  composition 
of  oxalate  of  melaniline  minus  2  at  water,  is  formed  in  the  decomposition  of  aicyano- 
melaniline  by  acids : 

C»H'«N»     +     2Ha     +     2H'0       -      C»»H"N«0«     +     2NH<C1. 

To  prepare  it,  dicyanomelaniline  is  dissolved  in  moderately  strong  hydrochloric  add, 
and  the  graduallv  precipitated  crystalline  powder  (or  slowly  ciystallising  resin)  washed 
with  water.  It  is  a  pale  vellow  indistincUy  crystalline  powder,  insoluble  in  water  and 
in  aqueous  acids,  sparingly  soluble  in  boiling  alcohol,  wnence  it  crystalHses  in  crusts. 
In  aqueous  ammonia  or  potash  it  dissolves  at  first  without  decomposition,  and  may  Im 
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precipitated  ftom  the  solntioii  by  acids;  afterwards  decomposition  takes  place.  Its 
soLvtioQ  in  weak  alcohol  forms,  with  nitrate  of  silver^  especially  on  addition  of  a  small 
qnanti^  of  ammonia,  a  light  yellow  amorphous  precipitate,  containing  from  25*4  to 
28*57  and  30*6  per  cent,  of  silrer. 

DeeompotUhns. — 1.  Melanozimide  melts  when  heated^  giving  off  a  large  quantity  of 
carbonic  ojude,  together  with  a  small  quantity  of  carbonic  anhydride  (probably  result- 
ing from  a  secondary  decomposition),  and  with  the  strong-smellmg  vapour  of  anilocyanic 
acid,  about  10  per  cent,  of  which  condenses  in  the  form  of  a  yellowish  liquid ;  at  a 
stronger  heat,  the  melanoximide  ultimately  yields  diphenylcarbamide  sublimed  in 
radiating  crystals,  and  leaves  a  pale  yellow  transparent  mass  of  resin. — 2.  Melanoximide 
is  bat  aliff  htly  decomposed  by  dilute  sulphuric  or  hydrochloric  add  ;  but  when  dissolved 
in  alooh(d  and  boiled  with  concentrated  hydrochloric  acid,  it  is  resolved  into  oxalic  acid, 
mebiniline,  and  needles  not  yet  fully  examined,  the  solution  at  the  same  time  acquir- 
ing a  deep  yellow  colour,  and  emitting  a  powerful  odour  of  anilocyanic  acid. — 3.  Its 
alcoholic  solution  solidifies  in  contact  with  ammonia  or  potash^  either  of  which  takes  up 
a  laige  qnantity  of  oxalic  acid,  forming  crystals  of  melaniline ;  and  a  similar  decom- 
position takes  place  gradually  in  its  solution  in  aqueous  ammonia  or  pofash,  especially 
when  concentrated. 


Syn.  with  DnrAfBTHTLoxAiciDB  (p.  285). 

Syn.  with  Phxktloxaiiidb  (p.  285). 

ACm*    Syn.  with  Phektloxamig  Acn>  (p.  281). 

■•    Syn.  with  Biphsxtloxahidb  (p.  285). 

C'H'NO  (B.  Schmidt,   Chem.   Soc.  J.  xvii.    194).— A  base 
produced,  together  with  other  bodies,  by  the  action  of  heat  on  amido-salicyUe  add : 

C^H'NO*      «      e»HT^O     +     CO* 

To  obtain  it^  amido-salicylic  acid  is  heated  with  pumice-stone,  and  the  resulting  sub- 
limate is  treated  with  alcohol  slightly  acidulated  with  acetic  acid ;  oxaniline  then 
remains  in  the  form  of  a  white  inodoroos  mass.  It  dissolves  in  hot  water  and  hot 
alcohol,  and  separates  on  cooling  in  slightly  coloured  ciystals. 

The  aqueous  solution  turns  brown  in  the  air,  and  deposits  a  brown  amorphous 
mbstance.  It  easily  reduces  the  solutions  of  the  noble  metals,  acquiring  at  the  same 
time  a  splendid  violet  colour,  which  is  also  imparted  to  it  by  nitric  acid.  When  mixed 
with  an  alkaline  liquid,  it  acquires  a  deep  indigo-blue  colour,  which  disappears  on 
addition  of  an  add. 

Ozaailine  anites  readily  with  hydrochloric,  hydrobromic,  hydriodic,  sulphuric  add, 
fte,  fonning  solable  crystallisable  salts.  The  solutions  decompose  in  contact  with  the 
air,  if  they  are  perfectly  neutral,  but  are  stable  when  acid« 

See  Pahakafhthalsmb. 


C"H»«0«.  (M611erandStrecker,Ann.  Ch.  Pharm. 
66.) — An  add  produced,  together  with  methylie  alcohol,  by  boiling  vulpic  add 
potash-ley  of  spedfie  gravity  1*06  to  1*16  : 


C«*H»«0»     +     8HK)       =       C'«H"0«     +     CH^O     +     2C0*. 
Vulpic  add.  Oxatolyllc  add.  Biethylic 

alcohol. 

When  the  dfoompoaition  is  complete,  which  may  be  known  by  the  change  of  colour  of 
tlie  predpitate  from  yellow  to  a  faint  dingy  tint,  the  oxatolylic  acid  may  be  predpitated 
by  hydrochloric  acid.  It  crystallises  from  ^cohol  in  colourle^  brittle,  right  rhombic,  four- 
aoded  prisms,  terminated  by  domes.  It  melts  at  154^,  volatilises  wiUi  decomposition  at  a 
hi^er  temperature,  is  sparingly  soluble  in  hot  water,  easily  in  alcohol  and  ether.   It  has 


cihlorie  add  and  heating,  or  more  easily  by  treating  the  silver-salt  with  ethylic  iodide, 
forms  colourless  prismatic  crystals,  which  melt  at  45*5^. 

Oxatolylic  ado,  boiled  with  |N7tesA-/«y  of  spedflc  gravity  1*2  to  1*3,  is  resolved  into 
nM  and  hydride  of  beniyl  (toluene),  C'H*,  which  distOs  over : 


Ci«H»«0«     +     H»0      -      C»H«0«     +     2CH*. 

ItdiasDlTes m fuming wUrie aoidytcftmm^ nitTo-oxatolylic  aeid,0>'H^NO*)0', 
wliich  IS  rwolved  with  greater  f^nlity  by  boiling  potash  into  okalio  add  and  hydrida. 
of  nxtrobeniyL 
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OZXTHTIta  This  name  is  applied  to  peroxide  of  ethyl,  O^SK),  entering  into  oom- 
bination  aa  a  monatomic  radicle.  (See  £thtxbns-ba0B8,  ii.  693,  and  PBospHORVs-BAaBS.) 

Lieben  (Ann.  Ch.  Pharm.  czxxiii.  287),  by  treating  the  chlorinated  deriTatirei  of 
ethylic  oxide,  ^CH*)'0,  with  ethylate  of  sodiiim  or  alcoholic  potash,  has  obtained  com- 
pounds consisting  of  ethylic  oxide,  in  which  1  or  2  at.  hydrogen  is  replaced  by  oxethyL 

CL  Oxethtfl-cMorethylic  oxide,  C'H^fC*HK)u^' — '^^^  compound  is  obtained  bj 
treating  dichlorethylic  oxide  with  an  alcoholic  solution  of  sodium : 

gH;CljO     +     NaC«HH)      -      gilg.H'O)!^     +     ^'^L 

The  action  begins  at  common  temperatures,  but  requires  the  aid  of  a  gentle  heat 
to  complete  it.  The  alcoholic  liquid  is  then  to  be  mixed  with  a  large  quantity  of  water 
to  dissolve  out  the  chloride  of  sodium,  and  the  oil  which  separates  washed  with  water. 
Alcoholic  potash  acts  in  a  similar  manner,  but  gives  rise  at  the  same  time  to  the  fonna- 
tion  of  a  considerable  quantity  of  resinous  products. 

The  oil  obtained  as  abore  consists  mainly  of  oxethyl-chlorethylie  oxide, 
which  is  heavier  than  water,  has  a  vety  agreeable  refreshing  odour,  and  boils  at  159^. 
It  is  difficult,  however,  to  obtain  this  compound  pure,  as,  according  to  the  greater  or 
smaller  quantity  of  sodium-ethykte  emplojred,  the  product  is  contaminated  either  with 
dioxethj^-ethyUc  oxide  {vid,  inf.)  or  with  dichlorethylic  oxide.  The  latter  may 
be  removed  by  heatine  the  oil  to  100^  with  aqueous  potash,  but  the  remaining  oil  is 
edll  contaminated  with  a  more  highly  chlorinated  products 

fi.  IHoxeihylie  oxide,  Q3HVC*HK){[^' — ^^^^^  by  heating  dichlorethylic  oxide 

in  a  sealed  tube  for  some  hours  to  about  14(^,  with  excess  of  alcoholic  potash  or 
sodium-ethylate : 

The  podnet  is  washed  with  water  or  solution  of  chloride  of  calcium,  and  dried  over 
ehlonde  of  calrium.  When  thus  purified  it  is  lighter  than  water,  and  boils  at  about 
1680. 

y.   EthyUcxeikylie     oxide,    (^JiUQ^-gjiyX^- — ^^^en      ethyl-chlorethylic     oxide 

(TH^Cl  1  ^*  ^^  product  obtuned  by  the  action  of  zinc-ethyl  on  dichlorethylic  ether, 

is  treated  with  sodium-ethylate  or  alcoholic  potash,  and  the  product  treated  with  water 
as  above^  an  oil  is  obtained  consisting  chiefly  of  ethyl-oxethylic  oxide,  together 
with  a  veiy  small  quantity  of  another  compound  boiling  at  70^.  The  princi]^  re- 
action is  represented  by  the  equation : 

Ethyl-oxethylic  oxide  is  an  oil  of  ethereal  odour,  lighter  than  water,  and  boilingat  148^. 

By  using  sodium-methylate  instead  of  sodium-ethylate,  and  xinc-methyl  instead  of 
sine-ethyl,  a  whole  series  of  compounds  might  be  obtained,  homologous  with  thoaa 
just  described.    (Lieben.) 

See  Ethtlknb-basis  (iL  593). 

EOSraOJi lUM.    See  PHOSFHOBU»>Ba0n. 

1^.  with  Apofhtlutb  (i.  367). 

oSlU?^*i     SeeOxTOBf. 


,  *  I     Products  of  the  deeomposition  of  indican  (liL  247). 

Syn.  with  Gltcoixzc  Acid.  F.  Schulse  applied  this  nam* 
to  the  add  obtained  W  the  action  of  nascent  hydrogen  on  pure  oxalic  acid,  supposing 
it  to  be  a  distinct  acid  (see  ii  910,  Ko.  8). 


OKUBIO  Ads.  Wkiie  purpnrie  acid. — ^These  names  were  applied  by  Van- 
quelin  to  a  product  obtained  by  treating  uric  add  with  nitric  add,  and  neutnlisi]^ 
with  lime ;  it  appears,  however,  to  hare  been  merdiy  a  mixture  of  aUoxan  and  *ii^i*««**» 
add.    (See  Gme2m*s  Handbook,  x.  169.) 


r.    A  bitter  neutral  substance  obtained  by  Leroy  (Viaifel- 
jahrsschr.  pr.  Phann.  Tiii  676)  from  the  whitethorn  (Craimgug  oxyaeantka). 

C««H««NK)»  ?  Vineiine,  (Polex,  Arch.  ^lam.  tI  266. — 
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Waeker,  Jahresb.  1861,  p.  545). — ^An  alkaloid  existing,  together  with  berberine,  in  the 
root  of  Berberis  vulgaris.  To  extract  it,  the  root  is  exhausted  with  alcohol,  a  little 
water  is  added  to  the  extract^  and  the  alcohol  is  distilled  off.  The  remaining  liquid 
deposits  a  resin,  which  must  be  separated  by  filtration,  and  the  filtrate  when  concen- 
trated deposits  crystals  of  berberine.  When  the  mother-liquors  no  longer  yield  this 
bise,  thoy  are  to  be  diluted  with  four  measures  of  water  and  precipitated  by  carbonate 
of  sodium,  the  precipitate  washed  with  cold  water  and  dissolved  in  dilute  sulphuric 
add,  the  solution  decolorised  with  animal  charcoal,  and  the  oxyacanthine  again  pre- 
cipitat4>)d  by  carbonate  of  sodium.     (Pol  ex.) 

Oxyacanthine,  when  pure,  is  a  white  powder  ordinarily  with  a  yellowish  tinge.  It  may 
be  obtained  in  the  ciystalline  state  by  spontaneous  evaporation  of  its  alcoholic  solution 
mixed  with  a  quantity  of  water  not  sufficient  to  render  it  turbid.  It  has  a  bitter  tsusXe^ 
tarns  brown  on  exposure  to  air  and  light,  melts  when  heated,  and  gives  off  water,  em- 
pyreamatic  vaponrs,  and  ammonia^ leaving  a  carbonaceous  residue  (Polex).  It  melts 
at  139^,  and  decomposes  at  a  higher  temperature  (Waeker).  It  is  nearly  insoluble  in 
cold  water,  but  when  recently  precipitated  it  dissolves  in  a  small  quantity  of  boiling 
water.  It  is  soluble  in  alcohol,  ether,  and  oih  both  fixed  and  volatile :  its  solutions 
have  an  alkaline  reaction  (Polex).  According  to  Waeker,  it  dissolves  in  30  pts. 
of  cold  alcohol,  and  in  its  own  weight  of  boiling  alcohol  of  90  per  cent.;  in  125  pt^. 
cold  and  4  pts.  warm  ether,  also  in  chloroform.  When  precipitated  by  ammonia  from 
its  salts,  it  dissolves  in  a  large  excess  of  ammonia,  much  more  easily  in  caustic 
potash,  not  in  alkaline  carbonates. 

Oxyacanthine  is  decomposed  by  mineral  acids.  Nitric  acid  when  boiled  with  it  first 
rednifies  it,  and  then  converts  it  into  oxalic  acid  and  a  body  resembling  berberine, 
which  is  precipitate  in  yellow  flocks  by  water  (Polex).  With  iodic  acid  and  a  small 
quantity  of  water,  it  separates  iodine,  assuming  a  yellow  or  brown  colour.    (Waeker.) 

Air-iiried  oxyacanthine  ha«,  according  to  Waeker,  the  composition  C^H^^N-O^'.H'O. 

The  salts  have  a  bitter  taste  (Polex).  The  hydrochbrate,  C"H"N«0».2HC1.4H«0, 
crvstallisea  in  white  nodules ;  so  likewise  the  sulphatet  and  the  less  soluble  nitrate^ 
wnidi  contains  4  at  water.  The  oxalate  crystallises  in  sparingly  soluble  needles ;  the 
aeetaU  is  unciystallisable.    (Waeker.) 

The  neutral  solution  of  the  acetate  gives  a  white  precipitate  with  tincture  of  galls, 
nitrate  of  silver,  mercuric  chloride,  tartar-emetic,  and  stannous  chloride;  brown-red 
with  iodine ;  yellow  with  platinic  chloride  and  picric  acid :  it  is  not  precipitated  by 
mercnrouB  nitrate,  ferric  chloride,  neutral  or  basic  acetate  of  lead,  copper-salts  or 
gelatin.     (Polex.) 

OZTAanAmO  ACSZB.    C"H>N0'     »     (G»H'Oy"lQ^— Already  described  as 

an  anisamic  acid  (i.  296).~The  rational  formula  just  given  rsOTesents  it  aa  derived 

from  a  triatomic  and  monobasic  oxyanisic  acid,  CTI«0*    =      (C«H*0)"'>0«.     It  may 
alao  be  r^jgazded  aa  amido-anisic  acid,  C"H'(NH')0*.  H       ) 

'■^•^■M^^ula  »if  milninilo  Add*  or  DiazoanUamidanime'  acid,  C"H'*NK)*  » 
C»H«N«0».C*H»NO».  (P.  Griess,  Ann.  Ch.  Pharm.  cxiii.  337;  cxvii.  44;  Jahresb. 
1859,  p.  467;  1861,  p.  414).— An  acid  produced  by  the  action  of  nitrous  acid  or  a 
nitK>f]8  ether  on  an  alcoholic  solution  of  oxyanisamic  acid : 

2C"H»N0»     +     NHO»       «       C"H'*N»0«     +     2H«0. 

The  renrtton  must  take  place  at  a  rather  low  temperature,  and  all  excess  of  nitrous 
acid  most  be  avoided. 

Diazoanis-oxyanisamic  add  is  a  yellow  or  greenish-yellow  amorphous  substance, 
anaJogoos  in  ita  properties  and  reactions  to  diazobenzo-oxybenzamic  acid  (p.  291). 
It  may  be  regarded  either  as  formed  from  a  double  molecule  of  oxyanisamic  acid  by  the 
rabstitution  of  1  at.  nitrogen  for  3  at.  hydrogen,  and  represented  by  the  formula 
C»«(H'*1I*')NK)*,  or  according  to  Griess,  as  a  compound  of  diazoanisic  acid  {i.e. 
anisic  acid,  C^H'O*,  in  which  2  atoms  of  hydrogen  are  replaced  by  2  atoms  of 
nitrogen),  with  amido-aniatc  acid  (i.e.  anisic  acid  in  which  1  at.  hydrogen  is  replaced  by 
amidogen,  NH«),  that  is  as  C»H«N«0».C«H'(NHMO«. 

The  reactions  of  diazoanis-oxyanisamic  acia  are  similar  to  those  of  diazbenzo- 
oxybenzamic  acid.  With  hydrochloric  acid  it  gives  off  nitrogen  and  forms  hydro- 
chlorate  of  oxyanisamic  acid,  which  remains  dissolved,  and  a  red  amorphous 
powder  C'*H"0',  which,  when  purified,  exhibits  the  characters  of  an  acid : 
2C«H'*NW  +  2HC1  +  H»0  -  2(C?'H»N0«.HC1)  +  C'*H"0'  +  N^ 
Ethylic  diazoanis-oxyanisamate  {yid.  inf.)  behaves  with  hydrochloric  acid  in  a  similar 
manner.  Ghloranisic  acid  is  never  formed  in  this  reaction ;  neither  in  bromauieio 
Vox,.  IV.  U 
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acid  produced  by  the  action  of  hydrobromic  acid  on  diazoaniB-oxyanisamic  acid. 
Zfyi^nWtc  acicf,  on  the  contrary,  forms  io  da  nisi  c  acid  and  hydriodate  of  oxy* 
anisic  acid: 

C'«H"N»0«     +     2HI      «      C'H'IO'     +     C»H»NO».HI     +     N«. 

The  iodanisic  acid  separates  as  a  reddish  crystalline  mass,  and  when  purified  forms 
small  needles  easily  soluble  in  alcohol  and  ether,  nearly  insoluble  in  water.  The  hydro- 
chlorate  of  oxyanisamic  acid  which  remains  in  solution,  may  be  obtained  in  stell&ta 
groups  of  laminse  and  needles. 

Diazoanis-oxyanisamic  acid  suspended  in  boiling  alcohol  is  decomposed  by  nitrous 
acid,  with  evolution  of  nitrogen  and  formation  of  anisic  acid  and  acetic  aldehyde : 

C'«H'*N«0»     +     HNO»    +    2C*H«0     =     2C»H''0»    +     2C«H*0  +   2H«0   +  N*. 

Diazo.inic-ox7-  Nitrous  Alcohol.  Anisic  acid.  Aldehyde, 

anisamic  acid.  acid. 

Alkalis  decompose  diazoanis-oxyanisamic  acid,  •  forming  oxyanisamic  acid  and  the 
above-mentioned  red  body  C"H'*0*. 

The  diazoanis-oxyanisamates,  C'«H"M«N»0«  or  0»fE»"M"N*0«  (according 
to  the  atomicity  of  the  metal),  are  very  unstable  in  solution,  but  when  dry  they  can 
bear  a  heat  above  160°  without  decomposition.  The  alkali-metal-salts  are  soluble  in 
water ;  the  rest  are  yellow  or  greenish-yellow  precipitates. 

The  amvMnium-salt  forms  golden-yellow  laminse,  and  decomposes  rapidly  when  its 
aqueous  solution  is  boiled.  The  potassium-salt,  C^*H"K'N*0*.2H*0,  forms  golden- 
yellow  laminse  which  give  off  three-fourths  of  their  water  at  120°  the  remainder  at 
about  160° ;  at  180°  the  salt  decomposes  with  slight  detonation.  The  sodium-seUt^ 
2C»«H»»Na*N»0*.3H*0,  crystallises  in  golden-yellow  six-sided  tablets.  The  magnesium- 
salt  forms  greenish-yellow  crystals  sparingly  soluble  in  water. 

The  ethers  of  diazoanis-oxyanisamic  acid  are  prepared  by  passing  nitrous  acid 
vapour  into  alcoholic  solutions  of  the  corresponding  oxyanisamic  ethers.  The  eikylie 
ether  is  easily  soluble  in  hot  alcohol,  whence  it  crystallises  on  cooling  in  narrow  yellow- 
red  laminse ;  it  is  likewise  soluble  in  ether,  but  insoluble  in  water.  The  methylic  ether 
is  exactly  similar. 

H'      ") 

OXT^mKUkXnXC  JLCXD.      C'H^O*     =     (C'H«0)">q*       Bengame    add, 

Amidohenzoie  acid.  (Zinin,  J.  pr.  CShem.  xxxvi.  103. — Chancel,  Compt.  rend.xxTi2i. 
422. — Gerland,  Ann.  Ch.  Pharm.  Ixxxvi.  143;  xci.  186. — ^Voit^  ibid.  xcix.  100.) — 
This  acid,  the  amic  acid  of  oxybenzoic  acid  C'H*0',  was  formerly  called  Benzamie 
acid ;  but  the  drnomination  is  improper  since  benzoic  acid  is  monobasic  and  cannot 
form  an  amic  acid  (i.  165).  It  may  also  be  regarded  as  amidoben^oic  acid 
C'H*(NH^)0^  that  is  as  benzoic  acid  in  which  1  at.  hydrogen  is  replaced  by  amidogen. 

It  is  metameric  with  phenyl-carbamic  acid,  (CO)"  Vq. 

It  is  best  prepared  by  dissolving  nitrobenzoic  acid  in  aqueous  ammonia,  and 
saturating  the  boilins  solution  with  smphuretted  hydrogen,  air  being  excluded  as  far  as 
possible.  The  liquid  is  decanted  from  the  separated  sulphur,  and  neutralised  with, 
acetic  acid,  when  it  deposits  crystals  of  oxy benzamie  acid,  which  are  purified  by  reci^stal- 
lisation  from  water  (Gerland).  Schiff  (Ann.  Ch.  Pharm.  ci.  94)  obtains  it  by- 
digesting  nitrobenzoic  acid  with  iron-filings  and  acetic  acid.  Chancel  obtains  it  by 
boiling  oxybenzodiamide  with  strong  potash  until  ammonia  ceases  to  escape,  and 
super-saturating  the  liquid  with  acetic  acid.     The  following  are  the  reactions : 

C'H*NO*     +      3H«S      «       CH'NO*      +     2H«0     +     S« 

Nitrobensolc  acid.  Oxyhenzamic  acid. 

CH^N^O     +     KHO      =      C'H«KNO«     +     NH» 

Oxybenzodiamide.  PoUissic  Oxybenzamate. 

Oxybenzamic  acid  forms  white  crystalline  nodules,  or  transparent  needles,  according 
as  its  aqueous  solution  is  evaporated  rapidly  or  slowly.  It  has  a  sweetish-sour  tast<e, 
and  reddens  litmus  strongly  ;  is  sparingly  soluble  in  cold  water ;  readily  in  boiling 
water,  alcohol  or  et/ier.  Its  solution  decomposes  by  exposure  to  the  air,  and  yields  a 
brown  resinous  substance.  When  heated,  it  melts,  gives  off  irritating  vapours.,  and 
leaves  an  abundant  residue  of  carbon.  Heated  with  spongy  platinum,  it  is  decomposed, 
into  aniline  and  carbonic  acid.  Heated  with  solid  potash,  it  gives  off  empyren- 
matic  vapours  containing  ammonia,  but  no  aniline:  under  the  same  circumstances 
phenylcarbamic  acid  yields  aniline  abundantly.  Boiled  with  fuming  nitric  eteid^ 
it  is  converted  into  trinitrophenic  (picric)  acid.  "When  nitrous  acid  fumes  are  passed 
into  its  aqueous  solution,  nitrogen  is  evolved,  and  a  red  amorphous  precipitate  formed, 
which  redissolves  if  the  action  of  the  gas  is  pfolonged :  the  solution  yields  on  evapora- 
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tion  eryBtals  of  ozybenzoie  acid.  Nitrous  acid  passed  into  an  alcoholic  solution  of 
oxybeozamie  acid  converts  it  into  diazobenzoxybenzamic  acid  {vid.  inf.);  but 
vhen  a  solntion  of  oxybenzamic  acid  in  cold  aqueous  or  alcoholic  nitric  acid  is  exposed 
to  the  action  of  nitrous  acid,  the  product  consists  of  nitrate  ofdiazobenzoic  acid, 
CH*N*CPJ?HO«.     ^GrieSB,  p.  293.) 

Oxybenzamic  acia  is  converted  into  benzoic  acid  by  boiling  with  water  and  peroxide 
of  mangane»€y  ot  permanganate  ofpotassium^  and  by  chlorine  (in  an  aqueous  solution). 
ioL  an  alcoholic  solution,  chlorine  produces  a  black  resinous  substance,  insoluble  in 
water,  soluble  in  alcohol  with  violet  colour.  It  is  attacked  by  potassic  chromate  and 
suiphurie  acidy  carbonic  anhydride  being  evolved. 

Metallic  Oxyhemamates,  C^*MO^ — These  salts  resemble  the  anthranilates 
vexy  dosely.  The  alkaline  and  alkaline>earthy  salts  are  readily  soluble  in  water  and 
alcohol,  and  crystallise  with  difficulty.  When  heated  with  potash  or  lime  they  evolve 
carbonic  anhydride,  aniline,  and  ammonia.  The  copper-saut  is  a  green  precipitate, 
insoluble  in  water  and  alcohol,  soluble  in  adds.  Tnere  are  three  lead-ealts;  one, 
pnlverolent  and  insoluble  in  water;  another  forming  sparingly  soluble  needles;  a 
third,  more  soluble,  forming  shining  laminae.  The  silver-^alt  is  a  white  curdy  precipi- 
tate, which  soon  becomes  crystalline ;  in  boiling  water  it  becomes  violet-brown,  but 
does  not  dissolve ;  it  is  decomposed  when  heated  above  100°. 

Oxy'heneamie  ethers.  (Chancel,  Compt.  rend.  xxx.  751.) — ^The  only  two 
known  are  iheoxybemamate  of  methyl,  Cai«(CH')NO«,  and  of  ethyl,  C'H«(C2H»)N0«. 
They  are  obtained  by  the  action  of  sulphide  of  ammonium  on  the  corresponding  nitro- 
benzoates;  on  the  addition  of  water,  they  separate  as  heavy  oily  liquids,  and  are 
purified  by  repeated  solution  in  alcohol  and  precipitation  by  water.  Potash  converts 
them  into  oxybenzamie  acid  and  the  corresponding  alcohol ;  ammonia,  into  oxybenzo- 
diamide  and  the  corresponding  alcohol : 

C»H»»NO*     +     NH»       «       CH'N'O     +     CTI«0. 
Ozybentamate  ethyl.  Oxybeuzodlamide. 

liike  phenyl-carbamie  acid,  oinrbenzamic  acid  combines  directly  with  acids.  The 
hydrochloraie  of  oxybenzamie  acia,  C^lPNO'.HGl,  separates  in  groups  of  needles,  when 
hydrochloric  acid  is  added  to  the  liquid  obtained  by  treating  nitrobenzoic  acid  with 
aalphide  of  ammonium  (Voit).  With  dichloride  of  platinum,  it  forms  a  yellow  ehloro- 
pkainate,  2C^»N0«.H»C1»  Pt«*Cl*.  The  nitrate,  C'H'NO'.NO'H,  is  formed  when  oxy- 
benzamie acid  is  heated  with  nitric  acid ;  the  acid  dissolves  quietly,  and  crystals 
separate  out  on  cooling,  which  are  repeatedly  crystallised  from  water.  It  forms  thin 
lamime,  permanent  in  the  air,  and  soluble  in  water  and  alcohol.  The  sulphate, 
2(C^H^0').SO*H',  is  formed  when  oxybenzamie  acid  is  dissolved  in  strong  sulphuric 
acid.  Heat  is  evolved;  and  the  mixture  solidifies  on  cooling  into  a  mass  of  shining  crystals, 
which  are  purified  by  reciystallisation  from  hot  water.  It  is  permanent  in  the  air,  and 
has  an  intensely  sweet  taste.  It  is  partly  decomposed  by  hot  water,  sulphuric  and  oxyben- 
zamie adds  being  formed;  the  same  decomposition  is  effected  by  potash,  by  the  carbo- 
nates of  barium  and  lead,  and  by  boiling  with  chloride  of  barium.    (Qerland.) 

F.  T.  C. 

JLMtraylMiiJUUiilo  Aeld,  C^H'NO*    »  (c'h«OY'[  0      {^-  O.VonUr,  Chem. 

H       ) 
Soe.  Qo.  J.  xiii.  236). — ^This  add,  metameric  with  hippuric  add  (benzoxaoetamic  acid, 
H 

(C«H«oy 

H 
acetic  add  to  130° — 140°  in  a  sealed  tube  : 

CH^NO*     +     C«H*0«      =       C»H»NO»     +     WO. 

2.  By  the  action  of  chloride  of  acetyl  or  acetic  add  on  oxybenzamate  of  zinc : 

e*H'«Zn'N»0*     +     2C«H«0C1       -       2C»H»N0»     +     ZnXP. 

The  first  process  is  the  best.    The  product  is  dissolved  in  an  alkali,  predpitated  with ' 
hydrochloric  add,  and  purified  by  recrystaUisation,  with  aid  of  animal  charcoal. 

Acetoxybenzamic  add  is  a  white  powder  consisting  of  microscopic  crystals,  nearly 
insoluble  in  cold  water  and  ether,  sparingly  soluble  in  boiling  water,  easily  in  boiling 
alcohol.  Like  hippuric  add,  it  dissolves  easily  in  oidinair  phosphate  of  sodium,  forming 
an  add  solution  from  which  it  is  precipitated  by  acetic  acid  and  by  mineral  adds.  With 
strong  sulphuric  add  and  glacial  acetic  acid,  it  forms  colourless  solutions  which  are 
predpitated  by  water.    With  hydrochloric  and  nitric  acids  it  appears  to  form  solid  but 
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•  Qt  appears  to  be  pro- 


292  OXYBENZAMIC  ACID,   DERIVATIVES  OP. 

easily  deoomposible  oompoands.  It  sublimes  at  200^,  melts  between  220^  and  230^, 
and  begins  to  boil  at  260^.  It  is  not  decomposed  bj  boiling  with  water  or  with  dilute 
acids,  but  when  heated  with  hydrochloric  or  dilute  stUphuric  tuHd  to  140°  in  a  sealed 
tube,  it  is  resolved  into  acetic  acid  and  (hydrochlorate  or  sidphate  of)  oxybenzamic 
acid,  just  as  hippniic  acid  is  resolved  under  similar  circumstances  into  benzoic  and 
ozyaoetamic  acid  or  glycocine  (iii.  158) : 

C»H»NO«     +     HK)       =      C*H*0«     +     C'H'NO». 

When  treated  with  an  alcoholic  solution  of  hydrochloric  acid,  it  yields,  slowly  in  the 
cold,  more  quickly  at  100^,  ozybenzamate  and  acetate  of  ethyl,  together  with  the  free 
acids.  When  nitrous  acid  is  passed  into  a  boiling  solution  of  acetoxybenzamic  acid, 
or  when  a  mixture  of  the  latter  with  nitric  acid  is  treated  with  nitric  oxide  gas,  nitro- 
compounds are  produced,  but  no  acetoxybenzoic  acid. 

Acetoxybeneamatea. — The  potassium"  and  sodiuni'Salts  are  easily  soluble  in 
water  and  m  alcohol,  insoluble  in  ether,  and  difficult  to  crystallise.  The  sodium-salt 
dried  at  120O  has  the  composition  C»H»NaNO«.  The  barium-salt,  C'«H»«Ba''N*0«.3H»0, 
is  also  easily  soluble  and  crystallises  in  slender  needles.  The  calcium-salt,  G'"H**Ca" 
NH)*.3H*0,  is  deposited  from  the  hot  solution  in  thin  rhombic  laminse.  The  lead-sait 
is  a  white  precipitate  which  melts  in  boiling  water  and  gradually  dissolves.  Nitrate 
of  silver  and  chloride  of  zinc  do  not  precipitate  moderately  strong  solutions  of  acetoxy- 
benzamates. 

Ethylic  oxybenzamate  appears  to  be  obtained  as  an  oily,  gradually  solidifying  com- 
pound by  heating  acetoxybenzamic  acid  with  alcohol  to  150°. 

H      ' 

BaaaosybeiiBaiiiio  Aold,    C^«H"NO«     »      (C'H'O)'' 

duced  by  ih6  action  of  chloride  of  benzovl  on  oxybenzamate  of  sine.  The  product, 
which  is  insoluble  in  ether,  sparingly  soluble  in  water  and  in  alcohol,  and  resembles 
acetoxybenzamic  acid  in  taste  and  in  appearance  under  the  microscope,  is  probably  iden- 
tical with  the  glycobenzame  acid  which  Cahours  obtained  (Ann.  Ch.  Fharm.  ciii.  90) 
by  treating  oxybenzamate  of  silver  with  chloride  of  benzoyl.     (Foster.) 

IMaxobenBO  -  oz  jbenacuiile      or      Dlasobenao-amldolieiisole      Add. 

(?<H"N«0*=C'H*N«0».C'H'NO«.  (P.  Griess,  Ann.  Ch.  Pharm.  cxvii.  834 :  cxvii.  1.) 
— This  acid  is  a  product  of  the  action  of  nitrous  acid  on  oxybenzamic  acid : 

2C'H'N0«     +     NHO«      -      C"H»'NO*     +     2HK). 

It  may  be  regarded  either  as  a  double  or  coniugated  acid  composed  of  a  molecule 
of  oxybenzamic  acid  associated  with  a  molecule  of  benzoic  acid  havine  2  atoms  of 
hydrogen  replaced  by  2  atoms  of  monatomic  nitrogen,  as  represented  by  Uie  preceding 
formula,  or  as  a  double  molecule  of  oxybenzamic  acid  having  3  atoms  of  hydrogen 
replaced  by  1  atom  of  triatomic  uitrogen,  in  which  case  it  may  be  called  azo-dioxy- 
benzamic  acid,  and  represented  by  the  formula  C'\H"N'")N*0^  The  former  is  the 
view  adopted  by  Griess  for  this  acid  and  its  homologues. 

It  is  prepared  by  passing  nitrous  acid  vapour  into  an  alcoholic  solution  of  oxy- 
benzamic acid  externally  cooled  (the  aqueous  solution  does  not  yield  a  pure  product), 
or  better  by  mixing  nitrite  of  ethyl  (obtained  by  saturating  alcohol  in  the  cold  with 
nitrous  acid)  with  alcoholic  o^benzamic  acid,  and  heating  the  mixture  to  about  30°. 
The  acid  then  separates  in  microscopic  crystals,  which  may  be  purified  by  washing 
with  alcohol. 

Diazobenzo-oxvbeuzamic  add  forms  crystalline  granules  or  small  needles  of  a  fine 
orange-yellow  colour.  It  has  neither  taste  nor  smeU,  and  is  nearly  insoluble  in  water, 
alcolud,  ether,  sulphide  of  carbon,  and  chloroform.  It  dissolves  in  mineral  acids,  especiidly 
with  aid  of  heat,  but  does  not  separate  therefrom  without  alteration.  It  dissolves  in 
potash  and  in  ammonia,  and  is  precipitated  &om  the  solution  by  acids,  even  by  acetic 
acid.  It  may  be  dried  at  100°  without  decomposition,  but  at  180°  it  explodes  and 
gives  off  gas  with  violence.  Hydrochlorie  acid  at  a  gentle  heat,  converts  it  into 
chlorobenzoic  acid  and  hydrochlorate  of  oxybenzamic  acid,  with  evolution 
ot  nitrogen : 

C'HWO«.C'H'NO«     +     2na      -      C'H»aO«     +     C^H'NO'.HCI     +     N«. 

Hydriodio  acid  acts  in  a  similar  manner,  producing  iodobenzoic  acid  C'H'IO', 
and  hydriodate  of  oxvbenzamic  acid.  A  similar  action  appears  also  to  be  exerted  by 
hydrofluoric  acid,  hydrocyanic  acid,  and  the  bromide,  iodiae,  &c,  of  ethyl.  Bromine  in 
the  anhydrous  state  acts  with  great  violence  on  diazobenzo-oxybenzamic  acid,  nitrogen 
and  hvdrobromic  acid  being  given  o£^  and  a  resinous  mixture  formed,  consisting  of 
aevenJ  brominated  acids.  If  bromine  be  added  to  the  acid  suspended  in  water,  the  action 
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takee  place  more  quietly 'and  a  product  is  obtained  from  which  bromobenzoieacid, 
CH^BrO',  and  tribromobenzoicacid,  G'H'Br'O'  (or  compounds  isomeric  therewith), 
maj  be  separated.  Brominated  derivatives  of  ozybenzoic  acid  and  of  ozjbenzamic  acid 
are  probably  formed  at  the  same  time.  Chlorine  acts  like  bromine.  Iodine  acts  less 
energetically,  the  dry  vapours  not  attacking  the  acid  at  all;  but  when  iodine  is  added  to 
boiling  water  in  which  the  acid  is  suspended,  io  doxy  benzoic  acid  is  formed,  together 
with  hydriodate  of  ozybenzamic  acid.  The  former  of  these  products  is  nearly 
insoluble  in  water,  the  latter  easily  soluble: 

CWH"N«0*     +     P     +     H*0       -      C'H»IO»     +     C'H*NO«.HI     +     N*. 

Fuming  nitric  acid  decomposes  diazobenzo-oxybenzamie  acid  with  violence,  and  sets 
it  on  fire.  Ordinary  concentrated  nitric  acid  dissolves  it  at  a  gentle  heat,  forming  a 
reddish  liquid,  which  decomposes  at  a  higher  temperature,  with  violent  evolution  of  red 
vapours ;  and  the  remaining  liquid,  when  evaporated,  yields  among  other  products, 
crystals  of  trinitrozybenzoie  acid,  C^"(NO*)*0*.  Nitrous  acid  passed  into 
boiling  water  in  which  diazobenzo-ozybenzamic  acid  is  suspended,  converts  it  into 
nitrozybenzoic  acid,  C'H*(NO')0',  with  evolution  of  mtrogen.  Probably  ozy- 
benzoic acid  is  first  formed,  according  to  the  equation : 

C"H"N»0*     +     NHO*      «       2C»H«0«     +     N«. 

But  if  the  diazobenzo-ozybenzamic  acid  be  suspended  in  alcohol  previously  saturated 
with  nitrous  acid,  an  additional  quantity  of  nitrous  gafl  then  passed  into  it,  and  the 
alcohol  afterwards  evaporated,  a  red-brown  residue  is  obtained,  consisting  chiefly  of 
saly li c  aci d.    The  reaction  appears  to  take  place  as  foUows : 

C'*H»N"0*  +  2C«H«0  +  NHO«     =-     2(rH«0«  +  2C»H*0  +   2HH)  +  N\ 
Dlaiobenso<.oxyben-     Alcohol         Nitrous  Saly  lie  acid.        Aldehyde, 

samlc  acid.  acid. 

When  a  solution  of  diazobenzo-ozybenzamic  add  in  aqueous  ammonia  is  evaporated  till 
mtrogen  ceases  to  escape,  then  a  little  further  concentrated  on  the  water^bath,  and  mized 
with  hydrochloric  acid,  a  red  amorphous  substance  separates,  having  apparently  the  com- 
position C*^H^*0* ;  and  the  liquid  retains  ozybenzamic  acid  combined  with  hydrochloric 
acid: 

2C"H"N»0«     +     H«0       -      Ci*H>«0»     +     2C'H'N0«     +     N«. 

Diazobenzo-ozybenzamates.  The  add  dissolves  in  alkalis,  neutralising  them 
completely,  and  ezpels  carbonic  add  from  carbonates.  The  general  formula  of  its  salts 
is  C«*fl»M*N«0*,  or  C"H»M'T^»0«,  according  to  the  atomidty  of  the  metel.  The  diazo- 
benzo-ozybenzamates  of  the  alkali-metals  are  easily  soluble  in  water,  stable  when  dry, 
but  decompose  easily  in  solution,  giving  off  nitrogen  gas.  With  solutiens  of  the  earth- 
metals  and  heavy  metals,  the  acid  forms  insoluble  or  sparingly  soluble  predpitates. 

The  ammonium-^t,  C'H*(NH*)*N'0^,  forms  microscopic  needles.  The  potassium* 
salt,  G'H*K'NH)^  is  best  prepared  by  dissolving  the  add  in  a  large  ezcess  of  carbonate 
of  potassium  heated  to  about  80^.  It  then  separates  on  oooUng  in  eztremely  small 
veuowish-white  needles,  whidi  ezhibit  brilliant  iridescence  while  floating  in  the  mother* 
uquor.  It  dissolves  readily  in  hot  water,  crystallising  therefrom  in  nodules ;  sparingly 
in  a  strong  solution  of  carbonate  of  potassium;  not  at;all  in  alcohol  or  ether.  After 
drying  in  the  air,  it  does  not  give  off  any  thing  at  160%  but  detonates  at  a  higher 
temperature.  The  «o(fit»9re-«a/^  closely  resembles  the  potassium-salt  The  harium^salt, 
C'*H*Ba"N'0\  is  obtained  by  mixing  the  solution  of  the  potassium-salt  with  nitrate  of 
barium,  as  a  yellowish-white  crystalline  predpitate,  nearly  insoluble  in  water,  quite 
insoluble  in  alcohol  and  ether.  The  calciwitrsalt  is  very  similar.  The  magnesium-salt 
crystallises  in  yellow  needle  often  grouped  in  small  spheres,  readily  soluble  in  water. 
The  ferric  salt  is  a  yellow  predpitate.  The  einc-saU  is  yellowish,  amorphous,  insoluble 
in  water.  The  copper-salt  when  dry  is  a  greenish  amorphous  powder.  The  mercuric 
salt  is  a  yellow-c;reen  predpitate.  The  silver-salt,  C"H*Ag'N'0^  obtained  bv  treating 
a  neutral  solution  of  the  ammonium-salt  with  nitrate  of  silver,  ia  a  greenish-yeUow 
gelatinous  predpitate,  yellow  when  dry,  insoluble  ih  water,  alcohol,  and  ether,  per- 
manent at  100°  C,  detonating  at  higher  temperatures. 

Diagobenzo-oxyhemamic  ethers.  The  ethylic  compound,  C**H'(CTI*)*N"0^, 
is  obtained  by  passing  nitrous  acid  gas  into  an  alcoholic  solution  of  ethylic  ozybenzamate, 
and  separates  m  yellow  crystals,  uniich  quickly  increase,  and  cause  the  liquid  to  solidify, 
if  not  too  dilute.  By  washing  with  cold  alcohol,  and  recrystallisation  fh)m  boiling 
alcohol,  the  ether  is  obtained  in  golden-yeUow  capillary  needles.  It  is  insoluble  in 
water,  moderatelv  soluble  in  boiling  alcohol  and  ether.  Melts  at  144^,  but  does  not 
solidify  asain  till  it  has  been  kept  for  a  day  at  a  low  temperature.  When  strongly 
heated,  it  decomposes  with  evolution  of  nitrogen.  It  dissolves,  though  with  difficulty^ 
in  dilute  acids,  and  is  predpitated  by  ammonia. 
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The  TMthylic  tther,  C"H»(CH")«N»0*,  may  be  prepared  like*  the  ethyl-dDinponiid,  or 
better  by  passing  nitrous  acid  into  an  ethereal  solution  of  niethylic  oxybenzamate.  It 
separates  in  crystalline  spherules,  which  dissolve  with  moderate  facility  in  warm 
alcohol,  and  separate  on  cooling  either  in  the  same  form  or  in  obtuse  lancet-shaped 
yellow  crystals.  It  is  insoluble  in  wat«r,  melts  at  160^,  and  exhibits  the  same  peculi* 
arity  in  solidifying  as  the  ethyl^oompound,  which  it  likewise  resembles  in  other 
respects.     (Griess.) 

Biaxobenxoio  Aeid.    C^^N^O*  «  ^'^j^'^lo.    (Griess,  Ann.  Ch.  Pharm. 

cxx.  125). — This  acid  is  separated  by  alkalis  from  its  compound  with  nitric  acid,  as  a 
yellow  mass  which  quickly  decomposes.  It  unites  with  other  acids,  namely  with  nitric 
and  hydrochloric  acids,  and  with  oxybenzamic  acid,  forming  the  acid  just  described. 

Nitrato^iazohemme  acid,  C'H»N»0»  «  C'H*N*0».NHO»,  is  produced  by  the  action 
of  nitrous  acid  on  a  cold  solution  of  oxybenzamic  acid  in  aqueous  or  alcoholic  nitria 
acid.  It  separates  from  tho  solution  in  white  prisms,  which  dissolve  sparingly  in 
cold  water,  and  explode  violently  when  heated.  Boiling  water  decomposes  it  quickly, 
with  evolution  of  nitrogen,  separation  of  nitric  acid,  and  probably  with  formation  of 
oxybenzoic  acid :  perhaps  thus, 

C'H*N«0*.NHO«     +     H»0       -      C^«0»     +     N«     +     NHO«.- 

Ethylie  nitrato-diazobenzoate  is  obtained  by  the  action  of  nitrous  acid  on  ethylio 
nitrato-oxybenzamate ;  its  aqueous  solution  mixed  with  auric  chloride  yields  a  gold-salt, 
C'H»(C*H*)N«0*.HCLAuC1",  which  crystallises  fiom  alcohol  in  golden-yellow  prisms. 

The  platinum-aalt  of  chlorhydrato-diazobenzoie]  acid,  2C'H<N«0«.2HCLPt»'Cl*,  is 
obtained  in  yellow  prisms  on  mixing  an  aqueous  solution  of  nitrato-diazobenzoic  acid 
with  platinic  chloride.  When  treated  with  sulphydric  acid,  it  yields  s ulp ho xy ben- 
zoic acid,  probably  thus, 

2C'H*N«0«.2HClJ»ta*     +     4H«S      «      2C'H«0«S     ^     6HC1     +     PtS«. 

Biosjrbensaiiiio  Aeia.    C'H>irO*  =  (C'H'OrV^  .    (Voit,  Ann.  Ch.Fhaim. 

xcix.  106.) — This  acid,  which  may  be  regarded  as  a  diamic  acid  derived  from  a  hypo- 

thetical  dioxybenzoic  acid,         -at      [0*,    or   else   as   diamido-benzoic  acid, 

C'H*(NH')'0*,  is  formed  by  the  reduction  of  dinitrobenzoic  acid  hj  sulphuretted  hydrogen 
or  ferrous  acetate.  A  hot  ammoniacal  solution  of  dinitrobenzoic  acid  is  saturated  with 
sulphuretted  hydrogen,  filtered,  evaporated  on  the  water-bath,  saturated  with  hydro- 
chloric acid,  and  filtered  hot ;  and  the  crystals  of  hydrochlorate  which  separate  are 
converted  into  sulphate,  and  decomposed  by  baiytic  carbonate.  The  filtrate  on  evapor- 
ation (first  over  a  water-bath,  finally  over  sulphuric  acid),  yields  small,  greenish,  pointed 
crystals  of  dioxybenzamic  acid,  which  have  no  taste,  are  neutral  to  litmus,  and  soluble  in 
water,  alcohol^  or  ether ;  they  melt  and  blacken  at  195^,  and  cannot  be  sublimed. 
Nitrous  fumes  passed  into  its  hot  solution  from  a  red  resinous  mass. 

This  compound  is  no  acid,  for  it  does  not  combine  with  bases  ;  on  the  contrary,  it 
combines  with  several  acids,  forming  definite,  mostly  crystallisable  salts.  The  acetate, 
obtained  by  decomposing  the  sulphate  with  acetate  of  barium,  turns  brown  on  evapor- 
ation, and  finally  deposits  brownish  prismatic  ciystals.  The  impure  hydrochlorate 
obtained  as  above,  is  purified  by  solution  in  water  and  addition  of  hydrochloric  acid ; 
the  pure  compound,  C'H"N'0^2HC1,  is  then  obtained  in  white  needles,  soluble 
in  water,  alcohol,  or  ether.  Its  solution  decomposes  in  the  air,  or  when  heated. 
It  does  not  precipitate  platinic  chloride,  but  the  mixture,  when  evaporated  over 
sulphuric  acid,  yields  brown  crusts  of  the  ehloroplatinale,  2C'H*N*0«.4HCl.Pt»^Cl*. 
The  nitrate  and  oxalate  are  both  crystalline  and  dark-coloured ;  the  sulphate  may  be 
obtained  almost  colourless  by  recrystallisation  from  alcohol ;  it  is  less  soluble  in  alcohol 
than  in  water.  F   T.  C. 


L      CH»N«0     »    ^^'5*^)'|n«,  or  Amidobenzamide, 

B}         [^*     (^^*^*^®^  ^^^'  Ch.  Pharm.  Ixii.  274.)— This  compound,  isomeric 

with  phenyl-carbamide  or  aniline-urea  (i.  755),  is  obtained  by  the  action  of  sulphide 
of  ammonium  on  nitrobenzamide  in  aqueous  solution : 

C'H'^0')Ojjj     +     3H«       -       (CtHMJrijp     ^     2HK)     +     S'. 

It  separates  from  the  solution  in  crystals  containing  1  at.  water  (C'H*N*O.H*0),  which 
it  gives  off  at  100® — 120°.  It  is  soluble  in  water,  alcohol,  and  ether,  but  the  idcoholic 
solution  quickly  turns  red  and  appears  to  decompose,     cfrystallised  oxybenzodiamide 
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melts  at  72® ;  the  dehydrated  compound  above  100^  ;  at  higher  temperatures  it  decom- 
poses, leaving  a  carbonaceous  residue.  When  gently  heated  with  potash-lime,  it  is 
resolved  into  ammonia  and  ozybenzamate  of  potassium : 

C'H»N«0     +     KHO       =      NH'     +     C^H'KNO^ 

the  latter  being  further  resolved,  at  a  higher  temperature,  into  aniline  and  potassic 
carbonate: 

C'H«KNO«     +     KHO       «      C'H'N     +     K>CO». 

Heated  wMi-sulphuric  acid,  it  is  resolved  into  carbonic  anhydride,  acid  sulphate  of 
ammonium,  and  phenyl-sulphamic  acid : 

H  C'H*"i 
C'H"N»0     +     2H»S0*       =-      C0«     +     ^^*|S0*     +      (SO')"  l^ 

Oxybenzodiamide  unites  with  acids.  The  nitrate,  C'H"N*O.NHO',  fonns  crystalline 
crusts  or  nodular  groups  of  prisms  sparingly  soluble  in  water.  On  mixing  moderately 
dilute  solutions  of  oxybenzodiamide  and  silver-nitrate  at  the  boiling  heat,  the  liquid  on 
cooling  deposits  the  compound  C^H"N'O.NAgO'  in  needles  which  become  coloured 
when  exposed  to  light.  The  hydrocAlorate,  C'H'N^O.HCl,  crystallises  from  aqueous 
solution  in  small  needles.  A  solution  of  oxybenzodiamide  in  boiling  water,  mixed  with 
excess  of  hydrochloric  acid,  and  then  with  platinic  chloride,  yields  long  orange-coloured 
prisms  of  the  plaiinUm-salt,  2CrH»N*0.H«CP.Pt'»Cl*.    (Chancel.) 

An  ethereal  solution  of  oxybenzodiamide  treated  with  nitrous  acid,  yields  white  explosive 

needles  of  nitrate  of  diazobenzamide,       m      [N.KHO*,  which,  when  treated 

with  hydrochloric  acid  and  platinic  chloride,  yields  the  salt  2C'H*N»0.H«Cl«.Pt*'Cl*. 
(Griess,  Ann.  Ch.  Pharm.  cxx.  127.) 

OXTBaVKOZO   ACZD.     C'H«0«    =    (C'H*0)"lO«.      (Gerland,   Ann.  Ch. 

H  i 
Pharm.  xd.  185. — Griess,  ibid,  cxviL  1 ;  Zeitschr.  Ch.  Pharm.  1862,  p.  97.) — ^An 
acid  metameric  with  salicylic  add,  obtained :  1.  By  the  prolonged  action  of  nitrous  acid 
on  oxybenzamic  acid  (Gerland).  In  this  reaction,  wlipch  yields  but  a  small  quantity 
of  oxybenzoic  acid,  diazobenzo-oxybenzamic  add  is  first  formed,  and  afterwards  par- 
tially converted  into  oxybenzoic  acid  (Griess,  p.  292). — 2.  It  is  much  more  easily 
obtained  by  decomposing  nitrato-diazobenzoic  add  with  boiling  water  (Griess) : 

CH^N'O'.NHO*     +     H»0       «      Cm*0*     +     NHO«     +     N«. 

Oxybenzoic  is  a  colourless  or  yellowish  crystalline  powder,  sparingly  soluble  in  cold  toater 
and  dlcohol,  easily  soluble  in  the  same  liquids  at  boiling  heat ;  the  solutions  are  strongly 
acid.  It  melts  at  a  high  temperature,  and  disHls  without  decomposition ;  volatilises 
with  vapour  of  water  when  its  aqueous  solution  is  boiled,  and  condenses  in  shining 
needles.  It  is  permanent  in  the  air,  and  does  not  lose  weieht  at  100^.  When  quickly 
heated,  it  splits  up  (like  salicylic  add)  into  carbonic  anhyaride  and  phenylio  alcohol ; 
the  decomposition'  takes  place  more  easilv  when  the  acid  is  heated  with  slaked  lime. 
It  is  distinguished  from  salicylic  add  bv  the  &ct  that  its  aqueous  solution  is  not 
coloured  violet  by  ferric  salts.     (Gerland.) 

Oxybenzoic  add  is  monobasic;  it  displaces  carbonic  acid  and  neutralises  alkalis.  The 
oxybenzoates  of  the  alkali-metals  are  very  soluble  and  difficult  to  crystallise ;  those  of 
the  alkaline  earth-metals  are  less  soluble  and  crystallise  in  needles;  the  rest  are  insoluble 
in  water  and  in  alcohol,  but  soluble  in  adds.  The  lead-salt  contains  C'*H'*'Pb"0*. 
(Gerland.) 

lodoaybemoic  acid,  C'H*IO*. — Produced  by  the  action  of  iodine  on  diazobenzo- 
oxybenzamic  add  (p.  292).  It  usually  crystallises  in  long  narrow  colourless  laminae, 
which  sublime  at  a  gentle  heat»  but  are  decomposed  when  quickly  heated,  giving  off 
vapours  of  iodine.    (Griess,  loc,  cit.) 

Nitroxybenzoic  acid,  C'H»NO»  -  C'H»(NO«)0«,  is  formed  by  the  action  of  nitric 
add  of  specific  gravity  1'36  at  ordinary  temperatures  on  oxybenzoic  acid ;  with  stronger 
nitric  add,  more  highly  nitrated  products  are  obtained  which  explode  violently  when 
heated  (Gerland).  The  mononitrated  acid  is  also  produced  by  the  action  of  nitrous 
add  on  diazobenzo-oxybenzamic  add.    (Griess.) 

Nitroxvbenzoic  add  dissolves  in  hot  water,  and  separates  on  evaporation  in  fine  yellow 
crystals  belonging  to  the  rhombic  system.  It  has  a  bitter,  disagreeable  taste,  and 
imparts  a  yellow  colour  to  a  large  quantity  of  water.  It  is  strongly  add  and  displaces 
carbonic  acid.    Sulphide  of  ammomum  decomposes  it^  with  predpitation  of  sulphur. 

Nitroaybenzoaie  of  potassium,  C'H*K(N0^)0',  is  sparingly  soluble  in  cold,  easily 
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soluble  in  boiling  water,  and  ciystallisea  therefrom  in  beautifol  golden-jellow  ahining 
prisms,  resembling  picrate  of  potassiam.  It  explodes  slightly  when  heated.  (G-erlan  d,) 

Trinitroxy  benzoic  acid,  C'H*N"0««C^H«(NO«)»0»,  is  produced  by  the  action  of 
ordinanr  nitric  acid  at  a  gentle  heat  on  diazobenzo-oxybenzamic  acid.  It  crystallises 
in  nearly  white  rhombic  prisms,  which  have  an  intensely  bitter  taste,  dissolve  easily  in 
water,  alcohol,  and  ether,  forming  yellow  solutions,  melt  when  heated,  and  detonate 
violently  at  higher  temperatures.  The  acid  is  decomposed  by  sulphide  of  ammonium,  with 
separation  of  sulphur,  and  formation  of  a  new  compound. 

The  trinitroxybenzoates,  C'HM^NW  or  C'HM"NK)»,  are  nearly  all  soluble  in 
water,  and  some  of  them  form  fine  crystals.  The  ammonium-saU  contains  C'H(NH*)'N'(X 
2H'0 ;  the  barium-salt  and  the  silver-sait  are  anhydrous.     (Griess.) 

OZT8 UT  S  UZC  ACXH.  This  name  is  sometimes  applied  to  Wurtz's  butylactic 
acid,  C*H*0*  (i.  688),  produced  by  the  action  of  dilute  nitric  acid  on  hydrate  of  amylene. 
Erie  del  and  Machuca,  however  (Ann.  Ch.  Fharm.  cxx.  279),  apply  it  to  an  acid 
having  the  same  composition  as  butylactic  acid,  but  differing  from  it  in  some  respects, 
which  is  obtained  by  oxidising  dibromobutyric  acid  with  silver-oxide.  It  forms  a 
tine-salt  containing  C'H**Zn"0*,  which  crystallises  in  radiate  nodules,  not  in  nacreous 
laminae,  like  the  buty lactate.  The  acid  separated  from  the  zinc-salt  yields  on  evapor- 
ation a  syrup  which  ciystallises  in  vacuo  or  over  oil  of  vitriol,  in  deliquescejit  rosettes. 

OXTBUTTmOXTZi-VSOPIOBrzC  aTBaS.  Kolbe's  name  for  Wurtz's 
butyrolactic  ether,  (0^|HK))"  >0^  which  he  represents  by  the  formula* 


CH* 


C^H»0,C*|^j£jc,o.}[CO«],0. 


OZTOASBOZT&ZO  AOZB.  C'«H'«0**.— An  acid  produced  by  the  action  of 
chlorine  or  nitric  acid  on  trihydrocarboxylic  acid  (iii.  189).  It  erysUllises  in  hard, 
colourless,  rhombic  prisms,  insoluble  in  alcohol  or  ether,  sparingly  soluble  in  cold  water, 
easily  soluble  in  dilute  nitric  acid.  When  heated  to  100^,  or  treated  with  warm  water 
or  with  bases,  it  becomes  brown-red,  and  is  converted,  with  evolution  of  gas,  into  dihy- 
drocarboxylic  acid.    (Lerch,  Ann.  Ch.  Fharm.  cxxir.  20.) 

Carboxylic  acid,  C**H*0'*,  is  known  only  in  its  salts,  which  are  formed  by 
oxidation  of  the  hydrogen  in  the  trihydro-,  dihydro-,  and  hydro-carboxylates.  The 
neutral  potassium-salt,  C"K*0**,  is  black,  but  turns  red  when  exposed  to  the  air.  A 
green  crystalline  pot€iSsium-salt,  C'HK'O",  the  corresponding  ammonium-salt, 
C'«H(NH*)»0'«,  and  a  red  acid  potassium-salt,  C^H'K^O'*,  have  likewise  been  obtained. 
These  salts  when  decomposed  by  acids,  yield,  not  carboxylic  but  rhodizonic  acid, 
according  to  the  equation  : 

C"H^O"     +     2H«0       =       2C*H*0» 

Carboxylic  Bbodisonie 

acid.  acid. 

OZTCJLSMZWZC  ACZB.  G*H'0'. — An  acid,  said  bySchiitzenberger  (Ann. 
Ch.  Phys.  [3]  liv.  62)  to  exist  in  cochineal,  together  with  carminic  acid  (see  Cabmikb, 
i.  804). 

OZTCB&ORZC  JkCTDm  Syn.  with  Febculojzic  Acid  (see  Chlobinb,  Oxides 
Ain>  Oxygen-acids  of,  i.  910). 

OZTCBXiORZBBS.  Also  called  Basic  Chlorides.  Compounds  of  metallic 
chlorides  with  the  basic  oxides  of  the  same  metals ;  they  may  be  formulated  on  the 

*7P®  «H*0  [  *     "^^^y  *r®  produced  by  imperfect  precipitation  of  a  metallic  chloride 

MTith  an  alkali,  e.  g.  of  mercuric  chloride  by  lime-water ;  by  the  action  of  water  on 
metallic  chlorides,  as  in  the  precipitation  of  antimonious  chloride  by  water ;  by  the 
partial  decomposition  of  chlorides  by  oxygen,  or  of  oxides  by  chlorine  at  high  tempera- 
tures. Several*oxychlorides  occur  as  natural  minerals,  having  been  formed  by  the 
action  of  air  and  water  on  chlorides  (see  the  several  Metals). 

OZTOBIiOKOCASBOVXC  AOED.  Syn.  with  Chix)RIDE  of  Cabbontl  oit 
Phososi^  (i  774). 


C«^H«N»0«.  (H.  Strecker,  Ann.  Ch.  Fharm.  cxxiii. 
379.) — A  base  isomeric  with  quinine,  obtained  by  the  action  of  potash  or  silver-oxide 
on  an  alcoholic  solution  of  dibromocinchonine  (i.  978).  By  passing  carbonic  acid  gas 
into  the  solution  after  prolonged  boiling  till  the  potash  is  neutralised,  then  evaporating, 

•H  »  I.    C  a  6.    O  »  8. 
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treating  the  residue  first  with  water,  then  with  alcohol,  and  leaving  the  alcoholic  solu- 
tion to  cool,  oxycinchonine  is  obtained  in  colourless  crystalline  laminae,  easily  soluble 
in  acids.  The  solutions  are  not  fluorescent,  and  do  not  become  green  on  addition  of 
chlorine-water  and  ammonia.  The  neutral  aulphate,  2C'»H**N'0'.H''S0*,  crystallises 
well  The  chloroplatinaU,  C»H"N«0«.H'»Cl«.Pt«'Cl*,  is  light  yeUow,  sparingly  soluble  in 
hot  water,  insoluble  in  alcohol  and  ether.    The  di-acid  salts  do  not  crystallise. 

OXTCOBAZiTZO  BAXiTB.    See  Cobajlt-bases,  Ammokiacal  (i.  1066). 
OXTCntOCOmC  ACIB.    Syn.  with  Laucoino  Acm  (ilL  584). 

OXTCVKZVABIZC  ACOD.     Ci«H»NO*  »  (G>«H'«0)''Iq    or  Amidoeuminic 

acid^  C"H"(NH')0*. — An  acid  derived  from  oxycuminic  acid  in  the  same  manner  as  its 
homologueoxybenzamic  acid  is  derived  from  oxybenzoic  acid  (see  CuMimcAciD,  ii.  179). 
Diazocumin-oxycuminamicacid,  C»H«N»0*  =  C'»H»«N»0»C»»H»«NO*,  is  obtained  by 
the  action  of  nitrous  acid  on  an  alcoholic  solution  of  oxycuminamic  acid  cooled  with  ice, 
carefully  avoiding  an  excess  of  nitrous  acid.  It  crystallises  in  yellow  microscopic  prisms 
or  laminse.  It  is  the  least  stable  of  all  the  compounds  of  the  series,  being  decomposed 
with  evolution  of  nitrogen  when  boiled  with  aloohoL  Its  reactions  are  precisely 
aniJogous  to  those  of  diazobenzo-oxybenzamic  acid  (p.  291). 

OXTCUanorzc  ACED.    G*«H"0*.    See  CxTXENic  Acm  (il  179). 

OX'n>ZB]tOXOPBBWT&-8n&VBU&ZO    ACn>.      O'H4Br'S0\— An  acid 
produced  by  the  actiou'of  boiling  water  on  diazo-dibromophenyl-sulphuric  acid  (see 

PHKNYIi-SULPHTTBIC  AcU)). 

ORV&VOSZBB8.    Compounds  analogous  to  the  oxychlorides,  and  refenible  to 

the  type   ^^H)!' 

OZTOBW.  Atomic  weight  16.  Syml>ol  0. — Synonymes :  Oxyghu,  Oxygenium, 
Saueratoffy  Vital  Air,  Pure  Air,  Dephloyistigated  Air,  Feuerluftf  Acidifving  principle. 
Oxygen  is  the  most  abundant  of  aU  the  elements.  It  forms  eight- nmths  of  water, 
nearly  one-fourth  of  the  air,  and  about  one-half  of  silica,  chalk,  and  alumina,  the  three 
most  plentiful  constituents  of  the  earth's  surface.  With  a  few  exceptions  only,  of 
which  the  principal  are  rock-salt^  fluor-spar,  blende,  galena,  and  pyrites,  it  enters  into 
the  constitution  of  all  important  rocks  and  minerals.  Independently  of  its  existence 
in  the  water  of  the  tissues,  it  is  an  essential  constituent  of  all  living  organisms.  It  is 
absorbed  by  animals  during  respiration,  and  evolved  in  the  free  state  by  growing  vege- 
tables when  exposed  to  sunlight.  The  oxygen  of  the  atmosphere  is  mechanically 
mixed  with  the  nitrogen  and  other  constituents,  but  is  chemically  free  or  unoombined. 
Oxygen  gas  was  discovered  b^  Priestley  in  1774,  and  a  year  later  by  Scheele  (see 
Gas,  ii.  773).  Its  name  is  denved  from  d(v,  acid,  and  ytwdtip,  to  produce,  because  it  was 
formerly  regarded  as  essential  to  the  constitution  of  an  acid.    (See  Acids,  i.  41.) 

Preparation. — 1.  Oxygen  gas  may  be  prepared  by  applying  a  greater  or  less  degree  of 
heat  to  various  oxidised  substances,  such,  for  instance,  as  the  oxides  of  mercury,  silver, 
gold,  and  platinum ;  the  peroxides  of  hydrogen,  barium,  lead  and  manganese ;  and  the 
chlorates,  nitrates,  bichromates,  &c,  of  potassium  and  other  bases. 

a.  Oxide  of  mercury  is  interesting  as  being  the  substance  from  which  oxygen  was 
originally  obtained.  By  heating  it  in  a  flask,  it  breaks  up  into  mercury-vapour,  which 
may  be  condensed  in  a  receiver,  and  oxygen  gas,  which  may  be  collected  over  water. 

fi.  Peroxide  of  manganese  is  a  venr  cheap  source  of  oxygen  when  large  quantities  are 
required.  The  substance  should  be  heated  to  redness  in  an  iron  bottle,  whereby  oxygen 
gas  is  given  o£^  and  a  lower  oxide  of  manganese  left  behind :  3MnO'  a  Mn'O*  +  O'. 

y,  Chlorate  of  potassium,  however,  constitutes  the  most  generally  available  source  of 
the  gas  for  preparation  on  the  laboratory  scale.  When  strongly  heated  in  a  flask 
of  hud  glass,  it  melts,  gives  off  the  whole  of  its  oxygen,  and  leaves  a  residue  of  chlo- 
ride of  potassium:  KCIO'  »  KCl  +  O*.  The  temperature  required  to  effect 
this  decomposition  completely  is  so  high,  that  the  flask,  tiiough  made  of  difficultly 
fusible  glass,  usually  becomes  softened,  and  yields  to  the  pressure  of  the  gas,  which  at 
last  forces  an  opening  through  its  side  or  bottom.  It  is  found  that  the  chlorate  gives  off 
its  oxygen  at  a  much  bwer  temperature  when  mixed  with  about  one-eighth  of  its  weight 
of  some  metallic  oxide,  such  as  that  of  copper,  or  iron,  or  manganese.  Under  these 
circumstances,  the  salt  does  not  fuse;  but  the  resulting  gas  is  less  pure  than  when  the 
unmixed  chlorate  is  employed. 

8.  A  concentrated  aqueous  solution  of  hypochlorite  of  calcium  (bleaching  powder), 
gently  heated  with  a  small  quantity  of  peroxide  of  cobalt,  is  completely  resolved  into 
chloride  of  calcium  and  oxygen.  The  gas  is  evolved  with  great  ease  and  regularity,  so 
that  the  method  is  well  adapted  for  the  preparation  of  large  quantities.    The  same 
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quantity  of  cobalt-peroxide  (about  ^  to  ^  of  the  weight  of  the  bleaching  powder)  may  be 
repeatedly  used  for  the  purpose,  as  it  does  not  undergo  any  permanent  change,  but 
appears  to  act  merely  as  a  carrier  of  oxygen,  first  taking  it  from  the  hypochlorite  and 
passing  to  a  higher  stute  of  oxidation,  and  then  giving  it  np  again.  The  special  pre- 
paration of  the  cobalt-peroxide  may  even  be  dispensed  with  altogether,  a  few  drops 
of  any  cobalt- solution  being  simply  added  to  the  solution  of  bleaching  powder  at  the 
commencement  of  the  process ;  the  cobalt  is  then  immediately  converted  into  peroxide 
by  the  oxidising  action  of  the  hypochlorite.  It  is  necessary  to  use  a  clear  solution  of 
bleaching  powder,  as  if  milky  it  is  apt  to  froth  considerably.  (Fleitmann,  Ann.  Gh. 
Pharm.  cxxxiv.  64.) 

c.  Peroxide  of  barium,  when  strongly  heated,  gives  up  one-half  its  oxygen  to  pro- 
duce baryta:  BaO*  ■=  BaO  +  O.  By  passing  a  current  of  moist  air  over  the 
less  heated  bar3rta,  it  absorbs  oxygen  and  re-produces  the  peroxide,  which  a  stronger  heat 
again  decomposes ;  so  that,  by  repetitions  of  the  process,  a  small  quantity  of  the  peroxide 
can,  as  was  shown  by  Boussingault  (Chem.  Soc.  Qu.  J.  y.  269),  furnish  an  indefi- 
nitely largo  quantity  of  oxygen.  A  patent  for  the  preparation  of  oxygen  in  this  man- 
ner and  its  application  in  various  chemical  operations,  has  been  taken  out  by  Messrs. 
Swindells  and  Nicholson  (Chem.  Gaz.  1855,  p.  139). 

f.  Deville  and  JDebray  (Compt.  rend.  li.  822;  Ann.  Ch.  Pharm.  cxvii.  295) 
recommend  for  the  preparation  of  oxygen  on  the  large  scale : — 1.  The  ignition  of  zinc- 
sulphate,  which  at  a  temperature  not  higher  than  that  required  for  the  decomposition 
of  peroxide  of  manganese,  gives  off  a  mixture  of  sulphurous  acid  and  oxygen. — 2.  The 
decomposition  of  sulphuric  acid,  which,  when  passed  in  the  state  of  vapour  over  red- 
hot  platinum-foil  or  platinum  sponge,  is  resolved  into  sulphurous  acid  and  oxygen.  By 
passing  the  gaseous  mixture  obtained  by  either  of  these  processes  through  water  or  an 
alkaline  solution,  the  sulphurous  acid  is  absorbed,  and  the  oxygen  set  free.  The 
aqueous  sulphurous  acid  thus  obtained  may  be  utilised  in  the  manufacture  of  sulphuric 
acid.  The  decomposition  of  sulphuric  acid  in  this  way  is  recommended  by  Deville 
and  Deb  ray,  also  b^  De  Luca  (Compt.  rend.  liii.  156),  as  the  cheapestofaU  methods 
of  obtaining  oxygen  in  large  quantities. 

1}.  Another  method  which  has  been  proposed  for  obtaining  oxygen  on  the  manu&c- 
turing  scale  is  the  ignition  of  a  mixture  of  nitrate  of  sodium  and  oxide  of  zinc  (See 
an  examination  of  this  process  by  J.  H.  Pepper,  Chem.  News,  vi.  218.) 

2.  Oxygen  may  also  be  prepared  by  the  action  of  sulphuric  acid,  at  a  moderate  tem- 
perature, upon  certain  highly  oxidised  compounds,  such  as  the  peroxides  of  lead  and 
manganese,  the  bichromate  and  permanganate  of  potassium,  &c  These  reactions  are 
seldom  employed  for  the  purpose  of  obtaining  free  oxygen  gas,  but  are  extremely  con- 
venient as  means  for  affording  oxygen  to  various  other  bodies,  or,  in  other  words,  for' 
oxidising  them.  Thus  hydrochloric  acid  HCl,  when  treated  with  sulphuric  add  and 
permanganate  of  potassium,  becomes  hypochlorous  acid  HCIO.  Alcohol  C'HK),  when 
treated  with  sulphuric  acid  and  peroxide  of  manganese,  yields  aldehyde  CH^O,  and 
water  H'O.  Cuminic  acid  C'H'^G',  treated  with  sulphuric  acid  and  acid  chromate  of 
potassium,  yields  insolinic  acid  C*H"0,  ^together  with  carbonic  anhydride  CO*'  and 
two  atoms  of  water  2H^0.  The  reactions,  so  far  as  regards  the  evolution  of  oxygen, 
are  as  follows : 

H"^SO«     +         MnO«      -  MnSO*  +       HK)     +     O 

2H«S0«     +      KMnO*      »  KMu(SO*)«       +     2H20     +     0« 

4H«S0*     +     K«Cr«0'       -        2{K6r(SO<)*}     +     4H«0     +     0" 

3.  Oxygen  may  be  obtained  by  the  electrolysis  of  water,  being  liberated  at  the 
positive  pole.     fSee  Elbctbicitt,  ii.  432.) 

4.  When  frefui  mint^  or  parsley,  or  other  active  leafy  plant,  is  immersed  in  carbonic 
acid  water  and  exposed  to  sunlight,  oxygen  is  liberated  from  the  leaves  in  considerable 
quantities.  The  experiment  is  best  conducted  in  a  tall  inverted  cylinder,  so  that  the 
oxygen  gas  may  collect  in  its  upper  part^  by  displacement  of  the  carbonic  acid  water 
which  should  originally  fill  the  vessel. 

5.  There  are  numerous  other  reactions  which  serve  to  liberate  oxygen,  but  they  are 
not  employed  as  means  for  the  preparation  of  the  gas.  Some  of  them,  however,  are 
veiy  interesting.  Thus  when  oxide  of  silver  reacts  with  peroxide  of  hydrogen,  there 
are  produced  water,  metallic  silver,  and  oxygen : 

H»0«     +    Ag«0       =      HK)     +     Ag»     +     0». 

Properties, — Oxygen  is  colourless,  tasteless,  and  inodorous.  It  is  the  least  refractive 
of  all  the  gases.  It  has  resisted  every  attempt  to  effect  its  liquefaction.  It  is  the  most 
magnetic  of  all  gases  (see  MAONsnsM,  iii.  773).  It  is  heavier  than  atmospheric  air 
in  the  proportion  of  1*1056  to  1*0000.      It  is  very  sparingly  soluble  in  water,  100  vol- 
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umes  of  which  at  ordinary  temperaturee  can  only  retain  about  3  volumos  of  the  gaa.  (See 
Gajsbs,  Absobption  of,  ii.  797.)  Nearly  all  natural  waters  contain  dissolved  oxy- 
gen, and  can  only  be  fireed  therefrom  by  prolonged  ebullition  in  vacuo.  The  chemical 
reactions  of  atmospheric  air  depend  principally  upon  the  oxygen  which  it  contains ; 
the  air  being,  in  its  chemical  relations,  merely  oxygen  gas  mixed,  or  diluted,  with  about 
four  times  its  volume  of  nitrogen. 

Oxygen  in  the  &ee  state,  whether  or  not  diluted  with  nitrogen,  manifests  considerable 
chemical  activity,  even  at  ordinary  temperatures.  With  the  single  exception  of  fluorine,  it 
has  been  made,  directly  or  indirectly,  to  unite  with  every  known  element.  Some  reactions 
of  oxygen  are  interesting  from  their  employment  as  means  for  detecting  the  presence  of 
the  gas,  or  effecting  its  removal.  Thus  an  alkaline  solution  of  lohite  indigo  absorbs  oxygen 
rapidly,  at  the  same  time  becoming  blue.  An  alkaline  solution  of  a  pyroffallate  absorbs 
oxygen,  forming  an  opaque  black  liquid.  Nitric  oxide  gas,  which  is  perfectly  colourless, 
unites  with  oxygen  to  form  deep  orange-red  vapours.  Phosphorua  slowly  absorbs  oxy 
gen,  as  do  also  moist  iron-wire,  moist  tead-luminas,  moist  saw-dustf  and  many  metallic 
compounds,  such,  for  instance,  as  ammonio-subchloride  of  copper,  or  chloride  of  cupros- 
ammonium,  the  protohydrates  of  iron  and  manganese,  the  white  double  cyanide  of 
potassium  and  iron,  &c. 

The  majority  of  the  metals^  when  in  the  massive  state,  remain  perfectly  bright  and 
unacted  upon  in  dry  oxygen  or  air ;  but  in  moist  oxygen  or  air,  many  of  them  become 
slowly  oxidised.  The  coating  of  oxide  first  formed  frequently  protects  the  metal  from 
more  than  a  superficial  oxidation,  as  is  notably  the  case  with  lead.  Some  of  the 
ordinarily  permanent  metals,  when  in  a  very  finely  divided  state,  for  instance  lead  as 
obtained  by  the  ignition  of  its  tartrate,  and  iron  as  produced  by  the  ignition  of  Prussian 
blue,  undergo  so  violent  an  oxidation,  that  spontaneous  combustion  results  from  their 
mere  exposure  to  air  or  oxygen.  Hence  they  are  termed  pyrophori.  Various  other 
bodies,  which  expose  a  large  surface  to  the  action  of  air  or  oxygen,  become  gradiudly 
heated  through  slow  oxidation,  and  finally  undergo  spontaneous  combustion.  Greasy 
tow  and  woollen  refuse  are  peculiarly  liable  to  this  action. 

Many  substances,  when  heated  to  redness,  unite  with  oxygen,  and  thereby  give  rise 
to  the  phenomena  of  combustion  or  burning.  The  combustions  of  phosphorus,  charcoal, 
sulphur,  iron,  zinc,  and  naphthalene,  in  undiluted  oxygen,  constitute  very  brilliant  ex- 
periments. In  each  case  the  results  are  oxidised  compounds  of  the  substance  burned* 
The  weight  of  oxidised  products  corresponds  exactly  with  the  weight  of  the  body  burned, 
plus  the  weight  of  the  oxygen  consumed.  When  an  ordinary  combustible  body,  such 
as  wood,  paper,  or  wax  candle,  is  inflamed  in  air  and  then  immersed  in  a  vessel  of 
oxygen,  the  combustion  proceeds  with  greatly  increased  intensity.  If  the  flame  of  the 
"wcMxi,  paper,  or  wax  candle  be  extinguished,  and  any  portion  of  the  substance  be  left 
in  a  glowing  state,  it  will,  when  immersed  in  oxygen,  immediately  burst  into  flame. 
This  is  a  very  characteristic  property  of  undiluted,  or  but  slightly  diluted,  oxygen, 
which  it  shares  only  with  nitrous  oxide  gas.  A  jet  of  hydrogen  gas  burns  in  oxygen 
as  in  air,  but  more  rapidly.  Of  course  the  two  gases  can  only  unite  where  they  are  in 
contact  with  one  another,  that  is  immediately  around  the  jet  of  hydrogen.  Hence  for- 
merl^  the  hydrogen  was  said  to  bum,  and  the  oxygen  merely  to  support  combustion. 
But  if  a  jet  of  oxygen  be  introduced  into  a  vessel  of  hydrogen,  the  flame  will  proceed 
from  the  oxygen  and  the  hydrogen  become  the  supporter  of  combustion.  For  this 
purpose  the  hydrogen,  contained  in  a  somewhat  narrow-mouthed  inverted  jar,  should 
be  Ignited  at  the  mouth  of  the  jar.  Then  the  iet  of  oxygen,  in  j)assing  through  the 
flame,  will  itself  become  ignited  and  bum  in  the  interior  of  the  jar.  In  like  manner, 
oxygen  may  be  made  to  bum  in  ammonia^gas,  by  introducing  it  through  a  bent  tube 
into  a  wide-mouthed  flask  in  which  strong  aqueous  ammonia  is  kept  in  a  state  of  gentle 
ebullition,  and  applying  a  lighted  taper  to  the  end  of  the  tube.  (Heintz,  Ann.  Ch. 
Fharm.  cxxx.  102.) 

Respecting  the  evolution  of  tight  and  heat  in  oxidation,  the  conditions  of  inflamma- 
bility, the  nature  of  flame,  &a,  see  Combustion  (i.  1089).  Eeepecting  the  quantities 
of  heat  evolved  in  the  oxidation  of  various  bodies,  see  Hbat  (iii  102). 

Oxygen  is  capable  of  replacing,  directly  or  indirectly,  hydrogen,  chlorine,  bromine, 
iodine,  &c.,  one  atom  of  oxygen  always  teJdng  the  place  of  two  atoms  of  each  of  those 
elements ;  thus  in  the  conversion  of  alcohol  into  acetic  acid  by  direct  oxidation,  and  of 
pentachloride  of  phosphorus  into- the  oxychloride  by  the  action  of  water,  we  have: 

C»H*0*       «       C»H»0     +     O     -     H« 
PCi*0        <-      PCI*        +     O     -     Cl«. 

Aetlve  Ozyffen  or  Oxone — Under  certain  circumstances,  oxygen  gas  acquires 
a  gr^itly  increased  chemical  activitv,  together  with  a  peculiar  smell.  In  this  state  it 
oonstitutes  ozone  (6(9u>\  and  has  the  ciiaracteristic  property  of  decomposing  iodide  of 
potassium,  with  libenition  of  iodine.    Oxygen  gaa  through  which  electoic  sparks  have 
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been  passed,  that  in  which  phosphoms,  ether,  turpentine,  and  some  other  substances 
have  been  slowly  oxidising,  and  that  produced  by  the  electrolysis  of  an  acid  Uqnid, 
alike  react  with  iodide  of  potassium  as  above  described.  According  to  Andrews, 
the  ozone  produced  by  these  three  processes  is  the  same,  and  consists  solely  of  oxygen 
in  an  allotropic  state.  According  to  Williamson  and  Banmert,  the  ozone  pro- 
duced by  electrolysis  is  a  trioxide  of  hydrogen  HK)',  as  is  probably  also  that  prx)duoed 
b^  the  oxidation  of  phosphorus.  With  regard  to  the  ozone  produced  by  electrical 
discharges,  they  admit  that  perfectly  dry  oxygen  is  capable  of  being  modified  by  such 
discharges,  but  consider  that  the  peculiar  properties  of  ozone  are  not  manifested  until 
the  action  of  moisture  upon  the  modified  oxygen  has  resulted  in  the  formation  of 
trioxide  of  hydrogen.  The  recent  coi\]oint  experiments  of  Andrews  and  Tai  t,  how- 
ever,  and  likewise  those  of  v.  Babo^  seem  to  have  established  the  coirectuess  of  the 
former  view. 

More  than  half  a  century  after  Van  Marum's  original  observation,  that  oxygen 
through  which  electric  sparks  had  been  passed  acquired  a  peculiar  smell  and  the  power 
of  attacking  mercury,  Schonbein,  in  1840  (Pogg.  Ann.  L  616),  published  his  first 
paper  on  ozone,  fie  showed  that  in  the  electrolysis  of  acidulated  water,  an  odorous 
gas  was  produced  at  the  positive  pole,  which  might  be  preserved  for  a  long  time  in 
well  closed  vessels.  He  also  observed  the  same  product  to  result  from  the  discharges 
in  air  of  a  common  electrical  machine,  and  recognised  the  identity  of  the  smell  with 
that  accompanying  a  flash  of  lightning.  Soon  after  he  noticed  the  production  of  ozone 
by  the  slow  oxidation  of  phosphorus  in  moist  air  or  oxygen.  Marignac  and  De  la 
Bive  then  showed  that  ozone  might  be  obtained  bv  passing  electric  sparks  through 
perfectly  dry  oxygen,  a  result  confirmed  by  F  r  6  my  and  B  ecquerel  (Ann.  Ch.  Phys.  [3] 
XXXV.  62;  Chem.  Soc  Qu.  J.  v.  272),  and  subsequently  by  Andrews  (Chem  Soc. 
Qu.  J.  ix.  168).  But  they  found,  on  the  other  hand,  that  dry  air  or  oxygen  did  not 
become  ozonised  by  transmission  over  dry  phosphorus.  Fr^mj  and  Becquerel 
ascertained  that  pure  oxygen  gas,  standing  over  a  solution  of  iodide  of  potassium, 
might  be  completely  absorbed  by  tlie  passage  of  electric  sparks  through  it  Dry 
oicygen,  however,  as  shown  bv  Andrews,  can  be  only  partiaUy  ozonised  by  electric 
discharges,  unless,  indeed,  the  ozone  be  absorbed  as  fiist  as  it  is  produced. 
Houzeau  (Chem.  Soc  J.  viiL  237)  noticed  the  ozonic  character  of  osnrgen  set  free 
by  the  action  of  sulphuric  add  upon  peroxide  of  barium.  According  to  De  Luca,  the 
oxygen  evolved  by  the  action  of  light  upon  plants  is  also  ozonic.  Schonbein,  and 
also  Phipson  (Chem.  News,  viii  103),  have  observed  that  air  in  contact  with  the 
juice  of  fungi  becomes  ozonised ;  the  latter  also  finds  that  ozone  is  produced  when  fresh 
slices  of  apple  are  exposed  to  the  air,  and  is  of  opinion  that  the  processes  of  fermentation, 
putrefaction,  and  decay,  are  likewise  attended  with  ozonisation  of  the  air. 

Ozone  is  best  prepared  by  one  or  other  of  the  following  processes,  a.  Ozonised  air 
or  oxygen  may  be  obtained  by  placing  one  or  two  sticks  of  clean  moist  phosphorus 
in  a  bottle  of  air  or  oxygen,  when,  after  an  hour  or  so,  the  smell  of  ozone  will  be  very 
obvious.  The  sticks  of  phosphorus  should  then  be  taken  out,  and  the  gas  washed 
with  water  to  remove  the  phosphorous  acid.  If  the  phosphorus  be  allowed  to  remain 
in  the  bottle  for  several  hours,  the  ozone  gradually  disappears.  Or,  a  current  of  moist 
air  may  be  slowly  forced  through  a  succession  of  large  Wolfe's  bottles,  containing 
each  a  few  sticks  of  dean  phosphorus,  and  finally  through  a  U-tube  containing  water 
or  dilute  alkali.  The  junctions  should  be  as  few  as  possible,  and  should  be  effected 
with  sound  corks,  or  preferably  by  grinding.  Ozone  may  be  at  once  produced  by 
plunging  a  heated  glass  rod  into  a  mixture  of  air  and  ether-vapour. 

fi.  By  electrolysis  of  water  acidulated  with  sulphuric  add.  According  to  Andrews, 
a  mixture  of  one  volume  of  sulphuric  add  with  three  volumes  of  water  is  most  pro- 
ductive; while  Baumert  recommends  the  electrolyte  to  consist  of  water  strongly 
addulated  with  both  chromic  and  sulphuric  adds.  The  following  arrangement  may  be 
advantageously  adopted.  A  coated  wire,  having  attached  to  its  extremity  a  piece  of 
crumpled  platinum  foil,  which  constitutes  the  positive  electrode,  is  dipped  into  the 
electrolyte  contained  in  a  cylindrical  porous  oeU,  and  an  inverted  tube-funnel,  just 
Buffidently  small  to  slide  into  the  cell,  is  suspended  therein,  over  the  ibiL  This  Ainnel 
serves  to  collect  the  oxygen  which,  during  the  electrolysis^  issues  in  a  continuous 
stream  firom  its  narrow  orifice.  The  negative  electrode  may  be  constituted  of  a  plate 
of  platinum  foil  dipping  into  another  vessel  of  the  electrolyte,  surrounding  the  porous 
celL  Electrolytic  oxygen  has  not  been  found  to  contain  more  than  ^  part  of  its 
weight  of  ozone. 

7.  Ozone  may  be  obtained  by  passing  electric  discharges  through  air  or  oxygen. 
Oxygen  gas,  prepared  by  heating  chlorate  of  potassium,  is  conducted  successive! v 
through  a  strong  solution  of  caustic  potash,  and  over  pumice  and  oil  of  vitriol. 
Electrical  dischitfges  may  then  be  passed  through  the  gas  in  its  transit,  whereby  a 
stream  of  pure  ozonised  oxygen  is  obtained;  or  the  gas  may  first  be  collected  by 
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difplacoment  in  suitable  tubes,  and  then  ozonifled  by  the  discharge.  Andrews 
wually  collects  his  oxj|;en  in  a  straight  glass  tube,  one  end  of  whidi,  previously 
contracted  by  the  blowpipe,  is  in  communication  with  the  supply  of  gas,  while  the 
other  end  is  fused  to  an  almost  capillary  piece  of  tubing,  bent  in  ue  form  of  a 
TJ-gauge.  After  the  tube  has  been  two  or  tluree  times  alternately  exhausted  by  an  air- 
pump,  and  filled  with  oxygen,  the  extremity  of  the  capillaiy  gauge  is  detached  from. 
the  air-pump,  during  the  passage  of  the  gas,  and  dinped  into  oil  of  TitrioL  The 
supply  of  gas  is  continued  for  some  time  longer,  and  the  excess  allowed  to  bubble 
through  the  oil  of  yitriol  in  its  escape.  The  contracted  extremity  of  the  reservoir 
part  of  the  tube,  in  communication  with  the  source  of  oxygen,  is  then  sealed  by  the 
blowpipe,  and  a  few  bubbles  of  gas  are  expelled  by  gentle  warming.  Upon  cooling, 
oil  of  vitriol  is  drawn  into  the  gauge,  so  as  to  confine  the  oxygen  in  the  reservoir. 
The  free  extremity  of  the  gauge  is  next  sealed  in  such  a  manner  as  to  leave  a  small  space 
of  air  above  the  oil  of  vitrioL  Then  by  means  of  platinum  wires,  previously  fused  into 
the  reservoir,  electric  discharges  are  passed  through  the  oxygen,  whereby  it  becomes 
oeonified.  In  this  way,  any  alteration  m  the  bulk  or  tension  of  the  oxygen,  consequent 
upon  the  production  or  subsequent  destruction  of  the  ozone,  is  rec(^nisable  by  an  altera- 
tion in  the  level  of  the  oil  of  vitriol  in  the  gauge.  Andrews  found  that  the  Riihmkorff 
spark  was  ill-suited  for  the  production  of  ozone,  and  that  even  the  ordinary  machine 
roark  was  much  less  efiective  than  the  silent  discharge,  obtained  by  attaching  one  of 
the  platinum  wires  of  the  reservoir-tube  to  the  prime  conductor,  and  the  other  to  the 
ground,  and  turning  the  machine  slowly. 

In  addition  to  its  jproperty  of  displacing  iodine  from  iodide  of  potassium, 
ocone  is  found  to  be  rapidly  absorbed  by  mercury,  and  to  be  completely  destroyed  or 
decomposed  at  a  temperature  of  250^ — 800^.  Availing  themselves  of  these  properties, 
Andrews  and  Tait  obtained  the  following  results.  When  the  silent  disdiarge  waa 
passed  through  pure  dry  oxygen  contained  in  one  of  the  gauge-tubes,  condensation  was 
observed  to  take  place,  at  first  rapidly  and  then  more  slowly.  The  maximum  con- 
traction ever  obtained  was  equal  to  ^  of  the  entire  volume  of  the  gas.  On  heating  the 
contracted  or  ozonised  gas  to  300^,  it  recovered  its  original  volume ;  and  this  alternate 
contraction  by  the  silent  diadbargid,  and  restoration  by  a  temporary  heat^  could  be  re- 
peated an  indefinite  number  of  times.  The  extreme  contraction  ^^radually  diminished 
when  the  tube  was  set  aside  for  some  days.  The  ordinary  electrical  spark  effected  a 
very  small  contraction  of  the  gas,  not  exceeding  yi^  of  the  whole ;  and  when  the  spark 
dischaige  was  passed  through  the  gas  contracted  by  the  silent  discharge,  an  expansion 
took  place  corresponding  to  the  excess  of  contraction  effected  by  the  silent  discharge, 
beyond  that  which  the  spark-discharge  could  have  produced.  By  mtroducing  into  the 
reservoirs  of  the  tubes,  before  filling  them  with  oxygen,  small  quantities  of  mercury  or 
solution  of  iodide  o/potasnttm,  contained  in  thin  glass  bulbs,  and  then  ozonifyiuff  by 
the  silent  dischaige,  so  as  to  produce  a  much  contracted  gas,  Andrews  was  able  to 
act  upon  the  ozone  with  these  reagents,  which  could  be  set  fbee  for  the  purpose  by  a 
smart  concussion  and  consequent  fracture  of  their  containing  bulbs.  After  the  action 
of  the  mercury  or  iodide  of  potassium  upon  the  contracted  gas,  it  no  longer  underwent 
any  permanent  expansion  when  heated  to  300^,  showing  the  complete  absorption  or  de- 
composition of  the  ozone  by  the  reagent.  But  very  curiously,  uiis  absorption  of  the 
ozone  was  not  attended  with  any  duninudon  in  the  bulk  of  the  contracted  oxygen. 
In  other  words,  the  active  oxygen  absorbed  by  the  reagent  occupied  no  part  of  the 
bulk  of  the  ozonised  gas,  inasmuch  as  its  removal  did  not  diminish  that  bulk.  When 
the  ozone  was  absorbed  by  solution  of  iodide  of  potassium,  the  amount  of  iodine 
liberated  was  found  to  correspond  exactly  with  the  amount  of  original  contraction, 
that  is,  with  the  quantity  of  oxygen  whidi  had  apparently  ceased  to  occupy  space. 
The  above  remarkable  result  seems  to  be  best  explained  by  the  following  hypothesis. 
If  we  consider  ozone  to  be  a  compound  of  oxygen  with  oxygen,  and  the  contraction  to 
be  oon^uent  upon  their  combination,  then  if  one  portion  of  this  combined  or  con- 
tracted oxygen  were  absorbed  by  the  reagent,  the  other  portion  would  be  set  free,  and 
by  its  liberation  might  expand  to  the  volume  of  the  whole.  Thus,  if  we  suppose  three 
volumes  of  oxyg^  to  be  condensed  by  their  mutual  combination  into  two  volumes, 
then  on  absorbing  one-third  of  this  combined  oxygen  by  mercury,  the  remaining  two- 
thirds  would  be  set  free,  and  consequently  expand  to  their  normal  bulk,  or  two 
Tolumes: — 

s  Tola.  s  Tolt. 

—    +    —  +  +—  +    — 

000      +       Hg-HgO-i-OO 

Upon  this  hjmothesis,  Andrewi^  maximum  contraction  of  ^  would  indicate  the  conver- 
sion of  j-  of  nis  oxygen  into  ozone.  Similar  results  have  been  obtained  by  v.  B  a  bo 
and  Glausius  (Ann.  Ch.  Pharm.  SuppL  i  297;  Jahresb.  1863,  p.  187). 

Andrews  also  ascertained  that  a  stream  of  dried  electrolytic  ozone,  when  heated  to 
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decompoflition,  and  passed  over  phosphoric  anhydride,  did  not  afford  a  trace  of  moisture. 
When  passed  consecutively  through  solutions  of  iodide  of  potassium  and  oil  of  yitriol^ 
the  increase  in  the  weight  of  the  two  liquids,  from  the  absorption  of  the  active  oxygen, 
corresponded  exactly  with  the  equivalent  of  iodine  set  free,  as  estimated  by  Bunsen*B 
volumetric  method.  But,  according  to  Williamson  (Ana  Ch.  Pharm.  liv.  127)  and 
B  aumert  (Pogg.  Ann.  Iixxix.  38  ;  Chem.  Soc.  Qu.  J.  vi.  169),  dried  electrolytic  ozone 
does  yield  water  an  a  product  of  its  decomposition  by  heat.  According  to  Baumert, 
also,  dried  electrolytic  ozone  when  paused  consecutively  through  solution  of  iodide  of 
potassium  and  oil  of  vitriol,  seta  free  a  quantity  of  iodine  corresponding  to  only  §}  of 
the  total  increase  of  weight  of  the  two  liquids.    Hence  the  formula,  previously  sug- 

g sated  by  WiUiamson,  H*0«  :  for  H«0»  «  H«0  +  0«,  or  60  =  18  +  32,  whence 
■  ■?  f§  of  H-0*.  Andrews'  view  is  however  confirmed  by  the  recent  experiments 
of  V.  Babo  (Ann.  Ch.  Pharm.  Suppl.  ii.  265  ;  Jahresb.  1863,  p.  131),  and  of  So  ret 
(Ann.  Ch.  Pharm.  cxxvii.  38 ;  cxxx.  96).  Andrews  found  that  electrolytic  ozonised 
oxygen,  when  decomposed  by  heat  in  one  of  his  gauge-tubes  underwent  a  variable 
increase  of  bulk,  according  to  the  proportion  of  ozone  present.  The  expansion,  how- 
ever, never  exceeded  ^  of  the  entire  volume  of  gas. 

The  general  characters  of  ozone  are  those  of  an*  oxidising  agent.  Thus,  it  cor- 
rodes organic  matter,  as  shown  by  its  rapid  action  on  caoutchouc  or  vulcanite  con- 
nectors. It  bleaches  most  vegetable  colours,  as  exemplified  particularly  by  its  conver- 
sion of  indigo  into  isatin.  It  oxidates  black  sulphide  of  lead  into  white  sulphate  of 
lead,  changes  the  yellow  ferrocyanide  into  the  red  ferridc^anide  of  potassium,  and 
colours  moist  sulphate  of  manganese  brown  from  formation  of  the  hydrated  per- 
oxide. It  is  absorbed  by  moist  iron,  copper,  mercuzy,  and  silver,  with  production  of 
their  respective  oxides.  Moist  silver  is  even  converted  into  the  state  of  peroxide. 
DiT  ozone  is  also  readily  absorbed  by  dry  mercury  and  dry  iodine. 

In  some  cases,  however,  ozone  acts  as  a  deoxygenant.  Thus  it  decomposes  peroxide 
of  hydrogen  and  peroxide  of  barium,  with  evolution  of  inactive  oxygen,  derived  both 
from  the  ozone  and  the  peroxide,  as  represented  hypotheticaUy  by  the  following 
equation : — 

—    +   -  +—  +  —    +  +     — 

000     +     H»00       «       200     +     H>0. 

Diy  ozone  is  decomposed  in  unlimited  quantity  by  the  dry  peroxides  of  manganese  and 
lead,  and  by  black  oxide  of  copper,  these  oxides  not  undergoing  any  alteration  of  weight 
by  the  reaction.  It  is  also  decomposed  to  an  unlimited  extent  by  dry  silver  leaf  or 
filings.  These  unlimited  effects  may  be  explained  by  the  successive,  or  simultaneous, 
occurrence  of  oxidation  and  reduction.  Thus  dry  silver  leaf  is  at  first  obviously  oxi- 
dised by  ozone ;  and  the  oxide  of  silver  so  formed  is  then  reduced,  and  so  on  consecu- 
tively. 

Ozone  is  practically  insoluble  in  water  and  acid  solutions.  When  ozonised  gas  is 
passed  through  potash  or  soda,  the  first  portions  are  absorbed,  probably  from  the 
presence  of  some  oiganic  matter  in  the  alkaline  liquid,  but  after  a  little  time,  the  ozone 
passes  through  apparently  unaltered. 

Schonbein  (Ann.  Ch^  Pharm,  cviii.  167)  regards  ozone  as  permanently  negative 
oxygen.  He  also  believes  in  the  existence  of  a  permanently  positive  oxygen,  or  anto- 
eotUt  which  at  present  is  known  only  in  combination ;  and  considers  that  inactive  oxy- 
gen is  a  product  of  the  union  of  ozone  and  antozone  O     O. 

This  idea  of  the  existence  of  two  essentially  distinct  varieties  of  o^gen,  which  is  like 
wise  advocated  byMeissner  (Untersuehun^en  Uber  den  Sauersioff,  Hannover  1863. 
Jahresb.  1863,  p.  126),  is  founded  chiefly  on  certain  differences  observed  in  the 
behaviour  of  oxygen  evolved  from  the  alkaline  peroxides  on  the  one  hand,  and  that 
evolved  from  peroxide  of  manganese  or  peroxide  of  lead  on  the  other,  the  former 
exerting  for  the  most  part  a  reducing,  the  latter  an  oxidising  action.  But  Brodie 
showed  several  years  ago  (Phil.  Trans.  1860,  p.  769),  and  has  further  demonstrated  by 
more  recent  experiments  (Phil.  Trans.  1863,  p.  837  ;  Chem.  Soc.  J.  xvi.  316),  that  the 
positive  or  negative  character  of  oxygen  (and  indeed  of  every  other  element)  is  not 
permanent,  but  depends  essentially  upon  that  of  the  other  elements  with  which  it  is 
associated  at  the  moment  of  chemical  diange  (see  page  304 ;  also  iii.  198). 

According  to  Meissner,  ordinary  oxygen  is  resolved  by  electrisation  into  ozone  and 
antozone,  the  former  of  which  is  absorbed  by  iodide  of  potassium,  pyrogallic  acid, 
&c.,  while  the  latter  remuns  unabsorbed.  He  finds  that  when  perfectly  dry  electrised 
air  is  made  to  pass  through  water,  white  ftimes  are  produced  on  its  exit  into  the  air, 
and  that  the  same  fumes  are  produced  when  the  drv  electrised  air  is  made  to  flow  into 
moist  air.  These  fumes  he  regards  as  a  mechanical  mixture  of  antozone  with  aqueous 
vapour.  According  to  v.  Babo,  however,  these  fumes  are  for  the  most  part  produced 
only  in  presence  of  nitrogen  or  oxidisable  substances ;  he  regards  them  as  consisting 
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of  peroxide  of  hydrogen,  which  is  known  to  be  formed  by  the  action  of  ozone  on  water, 
either  in  the  liquid  or  the  gaseous  form.  Von  Babo  also  asserts  that  the  proportion  of 
ozone  produced  in  air  or  oxygen  by  electrisation  is  the  same  whether  the  electricity 
used  be  positive  or  negative  or  the  two  alternately,  a  result  which  appears  inconsistent 
with  the  production  of  two  oppositely  polarised  varieties  of  oxygen  by  electrisation. 
Moreover  ozonised  air  suffers  no  diminution  in  its  amount  of  ozone  by  passing  through 
a  solution  of  permanganic  acid,  whereas  such  diminution  always  occurs  if  the  air  has 
previously  been  in  contact  with  oxidisable  substances,  which  may  have  given  rise  to 
the  formation  of  peroxide  of  hydrogen. 

Compoiinds  of  Ozsrffen. — Oxides  and  Hydrates. 

Oxygen  may  enter  into  combination  in  various  ways,  taking  the  place  of  hydrogen  (in 
the  proportion  of  1  at  0  to  2  at.  H)  in  the  radicles  of  compounds  formed  on  either  of 
the  types,  HCl,  H*0,  H*N,  H*C,  thus  giving  rise  to  oxy-chlorides,  oxy-iodides,  oxy- 
nitrides,  &c.;  but  the  term,  "oxide"  is  specially  appUed  to  compounds  derived  from 
a  single  or  multiple  atom  of  water,  H^O  or  nH-0,  where  part  at  least  of  the  oxygen 
occupies  the  place  external  to  the  radicle.  When  the  hydrogen  in  the  type  is  partly 
replaced  by  other  elements  or  by  compound  radicles,  the  resulting  compound  is  a 
hydrate,  basylous,  add  or  saline,  according  to  the  nature  of  the  substituted  ra- 
dicles; thus  KHO  and  Ba"H«0*  are  basylous  hy  drat  es;^'^'^!©,  ^^gT(0«,  and 

H*    (^  ^'^  *^^*^  hydrates   or  acids;  ^^w  >0"  and  ^^m  [o*  are  saline 

hydrates  or  acid  salts.  If  the  whole  of  the  hydrogen  is  replaced  by  one  or  more 
radicles,  the  resulting  compound  is  an  anhydrous  oxide,  basylous,  acid  or  saline, 
according  to  the  nature  of  the  radicles  which  enter  into  its  constitution;  thus  K'O,  Ba^O, 

and  tiiW  are  basylous  oxides;  (C^H»0)«0,  (S0*)"0  and  (F"0)H)»  are  acid  oxides, 

anhydrous  acids,  or  anhydrides;      jr    |0,  ^  ^,^  {^*'    Na*  {^*"^  saline 

oxides  or  neutral  salts. 

It  must  be  observed,  however,  that  the  distinctions  between  basic,  acid  and  saline 
oxides  are  in  great  part  merely  conventional,  inasmuch  as  basylous  and  chlorous 
elements  or  radicles,  and  consequently  basic  and  add  oxides  and  hydrates,  shade  off 
into  one  another  by  insensible  gradations,  so  as  to  predude  the  possibility  of  drawing 
any  8tri(;t  line  of  demarcation  between  them.  Still  there  are  certain  hydrates  which  have  a 
marked  tendency  to  exchange  their  hydrogen  for  a  chlorous,  add,  or  electro-negative 
element  or  radicle,  these  constituting  the  basylous  hydrates ;  while  others  have  a  decided 
tendency  to  exchange  their  hydrogen  for  a  metallic,  basylous,  or  electro-positive 
element  or  radicle,  and  these  constitute  the  add  hydrates  or  adds.  The  chemical  or 
electro-chemical  characters  of  the  anhydrous  oxides  are  less  marked  than  tliose  of  the 
hydrates ;  nevertheless  some  of  those  containing  radicles  of  decided  add  tendency  unite 
more  or  less  readily  with  those  containing  radides  of  opposite  character,  the  resulting 
compound  being  a  salt ;  thus  sidphuric  anhydride  SO',  passed  in  the  state  of  vapour 
over  moderately  heated  anhydrous  baryta  Ba"0,  unites  with  it  readily,  the  combination 
being  attended  with  vivid  incandescence,  and  forms  sulphate  of  barium  Ba"SO* ;  in  like 
manner  silicic  and  boric  anhydrides  unite  readily  with  basylous  oxides  when  ignited 
in  contact  with  them,  and  expel  carbonic  anhydride  &om  carbonates. 

The  general  properties  of  add  hydrates  and  oxides  have  been  already  described  in 
the  artides  Acids  and  Aithtdbidbs.  We  have  here  therefore  only  to  speak  of  the  com- 
position and  properties  of  the  more  basic  or  positive  among  these  compounds. 

Metallic  Oxides  and  Hydrates, 

1 .  Oxides  toith  one  atom  of  oxygen,  formed  on  the  type  of  a  single  atom  of  watery  H*0. 
— ^The  alkali-metals,  lithium,  sodium,  potassium,  caesium,  and  rubidium,  and 
one  of  the  heavy  metals,  namely  thallium,*  which  are  mono- or  proto-equivalent,  that 
is  capable  of  repladng  hydrogen — atom  for  atom — form  mono-  or  proto-hydrates  having 
the  general  formula  M'HO.  These  hydrates  are  soluble  in  water,  forming  strongly 
alkaline  solutions  which  predpitate  the  solutions  of  all  other  metals,  excepting  the 
alkaline  earth-metals,  barium,  strontium,  and  calcium.  The  hydrates  of  the  alkali- 
metaJs  volatilise  slightly,  but  do  not  decompose  even  at  the  highest  temperatures. 
Hydrate  of  thallium,  on  the  other  hand,  becomes  anhydrous  when  heated  at  100^ 
in  the  air,  or  left  over  oil  of  vitriol  at  common  temperatures. 

All  proto-equivalent  metals  also  form  anhydrous  protoxides,  having  the  general 

*  ThaUium  in  many  other  of  its  chemical  relationi  ezhibiti  a  marked  resemblance  to  the  alkali>metalt. 
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formula  MK).  To  this  group  belong  also  the  salifiable  oxides  of  the  di-equivalent 
metals,  included  in  the  formula  M^O ;  such  are  the  oxides  of  barium,  strontium, 
calcium,  of  all  the  other  earth-metals  excepting  aluminium,  and  of  many  of  the  heavy 
metals,  namely  zinc,  cadmium,  chromium,  manganese,  iron,  nickel,  cobalt, 
uranium,  copper,  mercury,  lead,  palladium,  platinum,  tin,  and  a  few  others. 
Lastly,  there  are  two  oxides  containing  4  atoms  of  metal  to  I  atom  of  oxygen,  Tiz. 
Ag^O  and  Cu*0.  The  former  has  long  been  known;  the  latter  was  obtained  by 
H.  Bose  (Bull.  Soc.  Chim.  1864,  p.  330)  by  treating  a  cnpric  salt  with  an  alkaline 
solution  of  stannous  oxide.  In  these  oxides,  2  atoms  of  metal  take  the  place  of  1  atom 
hydrogen.  They  are  easily  decomposed  by  acids,  with  separation  of  metal,  and  forma- 
tion of  argentic  and  cupric  salts  respectively. 

The  protoxides  of  the  alkali-metals  and  of  thallium  are  decomposed  by  water,  with 
formation  of  soluble  hydrates  (c.  g,  K*0  +  HH)  «=  2KH0) ;  the  oxides  of  barium, 
strontium,  and  calcium  unite  directly  with  water,  also  forming  soluble  hydrates  («.  g. 
Ba"0  +  H'O  =s  Ba1IK)'\  All  other  protoxides  are  insoluble,  or  nearly  so,  and 
are  for  the  most  part  unalt^^rea  by  water ;  the  protoxides  of  magnesium  and  lead,  how- 
ever, are  slowly  converted  by  water  into  hydrates.  Protoxides  and  protohydrates 
are  decomposed  by  most  acids,  with  formation  of  salts,  and  elimination  of  1  atom  of 
water:  €.g, 

KHO     +       HCl        -        HK)     +       KCL 
TIO        +     2HC1        «        H«0     +     2T1C1. 
Ba"0      +     2HC1         -        fl'O     +•      Ba"Cl* 
Ba«0      +       H'SO*     -        H»0*    +       Ba"SO*. 

2.  Oxides  and  BydraUt  containing  two  atoms  of  Oxygen^  formed  on  the  tgpe  of  a 
dovhU  atom  of  water ,  H*0'. — ^This  group  includes: — a.  The  hydrates  of  the  di-equi- 
valent metals,  barium,  calcium,  lead,  copper,  &c.,  e.g.  baiytic  hydrate  Ba''H'0', 
cupric  hydrate  Gu'H^O',  stannous  hydrate  Sn^U'O^  The  hydrates  of  barium,  strontium 
and  calaum  are  soluble  in  water ;  the  rest  are  insoluble  or  veiy  slightly  soluble,  as  hydrate 
of  lead.  All  these  hydrates  are  decomposed  by  heat  into  metallic  oxide  and  water;  but  the 
degree  of  heat  required  to  effect  the  change  is  different  in  each  particular  instance. 
Thus,  cupric  hydrate  is  decomposed  at  a  temperature  below  that  of  boiling  water,  whereas 
hydrate  of  calcium  requires  a  full  red  heat  to  resolve  it  into  quicklime  and  water.  These 
hydrates  are  decomposed  by  adds,  with  formation  of  salts  and  elimination  of  2  at.  water : 

Ba'H'O'  +  2HC1  «  2HK)  +  Ba"Cl» 
Cu"H«0«  +  H«SO*  -  2H«0  +  Cu'SO*. 
/3.  The  anhydrous  salifiable  oxides  of  tetra-equivalent  metals,  e,g,  zirconiaZr'^0^ 
thorina  Th^'O*,  stannic  oxide  Sn*^0',  platinic  oxide  Pt*'0*,  and  the  corres- 
ponding oxides  of  the  other  metals  of  the  platinum  group ;  also  titanic  oxide  Ti'^O', 
tantalie  oxide  Ta*'0',  niobic  oxide  NV^O',  and  the  dioxides  of  molybdenum, 
tungsten,  and  vanadium.  All  these  dioxides,  excepting  those  of  titanium,  tan- 
talum, and  niobium,  have  more  or  less  of  a  basylous  character,  and  are  converted  into 
salts  by  the  action  of  acids ;  but  they  all,  excepting  those  of  molybdenum,  tungsten  and 
vanadium,  likewise  exhibit  the  characters  of  acid  oxides,  and  form  salts  with  the  more 
basylous  oxides.  In  the  same  group  of  acid  oxides  may  also  be  included  the  dioxides 
of  certain  semimetallic  elements,  namely  silicic  oxide  or  anhydride  SiO',  sel- 
enious  oxide  Se"0',  and  tellurous  oxide  Te**0' 

7.  Certain  double  or  saline  oxides  in  which  half  the  hydrogen  is  replaced  by  2  atoms 
of  a  mono-equivalent,  and  half  b^  1  atom  of  a  di-equivalent  metal,  such  aspotassium- 
zinc-oxide  X*Zn"0*,  platinite  of  potassium  K'Pt"0',  stannite  of  sodium 
Na'Sn'O*,  &c. 

8.  In  addition  to  the  acid  and  basylous  dioxides  above  mentioned,  there  are 
certain  other  oxides  with  two  atoms  of  oxygen,  possessed  of  very  different  properties. 
In  these  last  dioxides,  typified  by  peroxide  of  hydrogen  H'O*,  the  second  atom  of 
oxygen  seems  to  be  retained  on  a  very  uncertain  tenure.  Oxides  of  this  description 
are  usuallv  termed  peroxides,  to  distinguish  them  from  the  salifiable  oxides  already 
considered.  These  peroxides  do  not  form  any  corresponding  chlorides,  or  corresponding 
salts  in  general,  but  when  acted  upon  by  hydrochloric  acid,  they  evolve  eitJier  peroxide 
of  hydrogen  or  chlorine,  thus : 

BaO«     +     2HC1      -       H«0«     +     Ba^Cl* 

MnO«    +     4HC1       ..     2H»0      +     Mn"Cl«     +     CI*. 

The  peroxides  of  barium,  strontium,  calcium,  potassium,  and  sodium  have  a  tendency 
to  produce  peroxide  of  hydrogen ;  while  the  peroxides  of  the  less  basylous  metals, 
manganese,  lead  and  silver,  have  a  tendency  to  produce  chlorine.  In  accoixlance  with 
these  different  tendencies,  the  alkaline  peroxides  are  found  to  exert  in  many  cases  a 
redudnff  action,  like  peroxide  of  hydrogen  (iii.  198),  whereas  the  peroxides  of  man- 
ganese, lead  and  silver,  act  more  generally  as  oxidising  agents ;  and  hence  it  has  been 
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infiBrred  bjSehdnbein  and  others  (p.  302)  that  the  oxygen  in  the  alkaline  peroxides 
is  essentially  electro-positive,  whereas  that  in  peroxide  of  manganese  &&  is  essentially 
negative.  These  differences,  however,  are  not  really  permanent  and  essential,  but  vary  wid^ 
the  conditions  under  which  the  second  atom  of  oxygen  is  set  free.     In  the  first  place,  all 
peroxides  alike  evolve  chlorine  («.  e.  exert  an  oxidising  action)  when  heated  with  strong 
hydrochloric  acid. — 2.  An  acid  solation  of  peroxide  of  hydrogen  converts  ferrocyanide 
into  ferricyanide  of  potassium,  whereas  an  alkaline  peroxide  mixed  with  an  alkaline 
or  neutral  solution  of  the  ferricyanide  reduces  it  to  ferrocyanide* — 3.  An  alkaline  8olu> 
tion  of  peroxide  of  sodium  added  to  a  manganous  salt  forms  hydrated  peroxide  of 
manganese;  whereas  an  acid  solution  of  peroxide  of  hydrogen  mixed  with  perman- 
ganate of  potassium  evolves  oxygen  and  forms  a  manganous  salt. — 4.  An  alkaline 
solution  of  peroxide  of  sodium  oxidises  an  alkaline  solution  of  chromic  oxide,  converting 
it  into  chromic  acid,  whereas  acid  solutions  of  peroxide  of  hydrogen  (or  of  the  alkaline 
peroxides)  reduce  chromic  acid  to  chromic  oxide (Bro die,  Chem.  Soc.  J.  xvi.  333;  see 
also  i.  856  and  iii.  198).     All  peroxides,  also,  whether  of  the  more  or  less  basylous  sub- 
groups, alike  yield  oxygen  and  a  protosulphate  when  acted  upon  by  strong  sulphuric 
add: 

BaO«     +     H»SO«     =     H»0     +     0     +     Ba'^0*. 

MnO«    +     H«SO*     -     H«0     +     O     +     Mn'SO*. 

The  oxygen  evolved  firom  the  above  reaction  with  peroxide  of  barium  is  highly 
ozonic,  and  that  from  the  reaction  with  peroxide  of  manganese  appears  to  contain  a 
trace  of  ozone. 

These  peroxides  might  also  be  classified  as  a  distinct  group,  and  represented  by  a 
distinct  set  of  formulse,  thus : 

HK)  .  O  Peroxide  of  hydrogen. 

Na'O .  O  Peroxide  of  sodium. 

K'O   .  O  Peroxide  of  potassium. 

CaO  .  O  Peroxide  of  calcium. 

SrO    .  O  Peroxide  of  strontium. 


BaO   .  O  Peroxide  of  barium. 

MnO  .  O  Peroxide  of  manganese. 

PbO   .  O  Peroxide  of  lead. 

Ag*0  .  O  Peroxide  of  silver. 


We  find,  however,  that  although  non-salifiable  as  a  rule,  yet  under  certain  circum- 
stances, some  of  these  oxides  can  act  as  if  salifiable.  Thus  the  peroxides  of  manganese 
and  lead  are  capable  of  dissolving  in  acetic  acid  to  form  diacetates.  Moreover,  the 
acknowledged  salifiable  dioxide  of  palladium  manifests  many  of  the  properties  of  a 
peroxide.  Whence  it  seems  that  the  difference  between  a  salifiable  dioxide  and  a 
neutral  peroxide  is  rather  a  difference  of  habit  than  of  essential  character ;  and  this 
view  is  confirmed  by  a  consideration  of  the  peroxides  with  three  atoms  of  oxygen  be- 
longing to  the  next  group.  Most  of  the  above  peroxides  can  exist  in  the  nydrated 
state,  but  whether  or  not  the  water  exists  as  a  separate  constituent  has  not  been  satis- 
factorily ascertained.  Some  oxides  also,  having  the  formulte  of  }-oxides,  have  the 
characters  of  peroxides.  Thus,  red  oxide  of  lead  has  a  formula  corresponding  to  that 
of  black  oxide  of  iron,  but  the  two  bodies  behave  very  differently  when  treated  with 
acids.    The  former  breaks  up  in  accordance  with  this  equation : 

MoD-Mliflable. 
Pb«0*     »     2Pb''0     +     PbO*j 

the  latter  in  accordance  with  this  t 

Sftllflable. 

FeK)«     -     Fe-'O     ^.     iVO«. 

8.  Oxidei  toith  three  atome  of  oxyaen,  formed  on  the  t^pe  of  three  atoms  of  toatert 
H'O*.    a.  In  this  class  are  indudea  salifiable  trioxides  and  trihydratea.    The  most 

basylous  of  the  trioxides  are  alumina  H'O',  ferric  oxide  f^*0',  chromic  oxide 

CrK)*,    eerie  oxide  Ce*0',  and  trioxide  of  bismuth  iSiHy*.    In  the  trioxides 

of  gold  and  antimony,  AuK)*  and  Sb'O'  respectively,  the  chlorous  and  basylous 

functions  are  prettv  equally  balanced,  while  in  trioxide  of  arsenic  As'O*  the  basylous 
character  is  scarcely  to  be  recognised.    This  last  trioxide  is  sparingly  soluble  in  water, 

being  converted  by  solution  into  its  corresponding  hydrate  or  add,  thus:  AsH)'  +  SH'O 
-  2H»As"'0». 

The  more  basvlous  trioxides  are  practically  insolnble  in  water.  They  all  form  hy- 
drates, among  which  the  aluminic,  ferric,  chromic,  and  eerie  hydrates  are  represented 
by  the  general  formula  H'M'^O*.  These  normal  hydrates  are  somewhat  unstable, 
espedally  on  the  application  of  heat»  whereby  they  lose  water  and  are  reduced  to 
the  type  HM"*0«.  For  example,  HTe'*'0*  when  dried  at  120®  loses  HK),  and  becomes 
HFe  0^    Hydrate  of  bismuth  when  firstpredpitated  has  probably  also  the  com« 
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poaition  H'Bi'^0*,  but  by  drying  it  loses  1  at  water  and  is  reduced  to  HBi^'O*.    By 
a  further  application  of  heat  these  hydrates  are  rendered  anhydrous,  thus : 

2IPFe"'0»  -  3H»0  =  Fe«0». 
The  baaylous  trihydrates  are  all  readily  soluble  in  acids.  The  triozides  of  aluminium, 
iron,  chromium  and  cerium  exist  in  scTeral  different  modifications,  some  of  which  are 
readily,  others  scarcely  at  all  acted  upon  by  acids.  But  all  salifiable  oxides  and  hydrates 
with  three  atoms  of  oxygen,  when  decomposed  by  acids,  yield  corresponding  salts,  and 
eliminate  three  atoms  of  water,  thus : — 

bT«0»     +     6HC1         -         SH'O     +     2Bi"'Cl» 
H»A1"'0»     +     3HC1         «         3H-0     +       ArCP. 

/3.  Certain  trioxides  have  the  characters  of  peroxides ;  that  is  to  say,  when  acted 
upon  by  acids,  they  do  not  form  trisalts  but  protosalts,  and  simultaneously  evolve 
oxygen  or  chlorine.  The  trioxides  of  cobalt  and  nickel  Co*0*  and  Ni*0'  respectively, 
are  as  decidedly  peroxides  as  the  dioxides  of  lead  and  barium.  The  trioxide  of  man- 
ganese is  intermediate  in  its  properties,  and  serves  to  connect  the  salifiable  oxides  of 
chromium  and  iron  with  the  indifferent  trioxides,  or  peroxides,  of  nickel  and  cobalt. 
Thus  it  dissolves  in  cold  hydrochloric  acid  to  form  an  unstable  hydrated  trichloride  of 
manganese; — 

Mn«0«     +     6Ha       «       3H«0     +     2Mn'"Cl». 

But  when  heated  with  hydrochloric  acid,  it  forms  dichloride  of  manganese  and 
chlorine : — 

Mn«0«     +     6HC1       -       3H«0     +     2Mn'Cl«     +     CI*. 

7.  Certain  oxides  with  three  atoms  of  oxygen  react  in  a  veiy  peculiar  manner  with 
acids,  as  if  two-thirds  of  the  oxygen  were  retained  by  the  metal  on  a  more  intimate 
footing  than  the  remainder.  Trioxide  of  uranium  U'^'O',  is  the  most  striking  member 
of  this  class.  To  judge  from  its  reactions,  it  would  seem  to  be  the  protoxide  of  an 
oxidised  radicle  U'''0',  playing  the  part  of  a  metal.  This  trioxide  might  be  represented 
by  the  formula  (U^O'-'yO,  analogous  to  that  of  protoxide  of  copper  Cu"0,  in  which  the 
compound  radicle  U^O'  plays  the  part  of  metallic  copper  Cu.  Certain  it  is  that  the 
grouping  U^O'  is  capable  of  being  transferred  from  one  compound  to  another  in  ex- 
change for  an  atom  of  hydrogen  or  its  representative,  precisely  as  is  the  metal  copper, 
thus: — 

Cu"0     +     2HN0«       «       H»0     +     Cir'(NO»)«. 
(U'0-)"0     +     2HN0«       =       H«0     +     (U«0*)"(NO«)«. 

In  a  similar  manner,  the  trioxide  of  antimony  occasionally,  and  the  trioxide  of  iron 
more  rarely,  react  as  if  their  respective  formulse  were  (Sb*0*)"0  and  (Fe*0*)"0.  In 
many  aluminous  silicates  also,  the  trioxide  of  aluminium  Al'O*,  appears  to  function  as 
a  protoxide  of  aluminyl  ( A1'0*)"0.  The  peculiarity  of  the  trioxide  of  uranium  is  that 
it  never  acts  as  a  sali6able  trioxide,  but  always  as  an  oxide  of  uranyL  Oxides  behaving 
in  the  above-described  manner,  were  termed  by  Laurent  basyl-oxides,  and  their  corre- 
sponding salts  basyl-salts. 

4.  Oxides  with  four  atoms  of  oxygen^  formed  on  the  type  H"0\  The  only  known 
anhydrous  oxide  belonging  to  this  type  is  the  tetroxide  of  osmium  OsO*  (p.  246). 

'Uie  hydrates  corresponding  to  the  dioxides  also  belong  to  it:  e.  g.  stannic 
hydrate  H^Su'^O*,  palladic  hydrate  H*Pd«^0<,  platinic  hydrate  H*Pt»^0*; 
also  certain  double  or  saline  oxides  containing  tetratomic  metals,  f.  ^.  st annate  of 
sodium  Na*Sn*»0*,  platinate  of  potassium  K*Pt''0*,  &c. 

The  type  HK)*  also  includes  the  large  class  of  oxides  known  as  f -oxides,  compounds 
in  which  6  aU>ms  of  hydrogen  are  replaced  by  2  atoms  of  a  tri-eqnivalent  metdl, 
while  the  remaining  two  in  the  type  either  remain  or  are  replaced  by  one  atom 
of  a  di-equivalent  metal.  Examples  of  these  compounds  are  fiirnished  by  mag- 
netic oxideof  ironFe''(Fe"')»0\  chrome-ironFe"(Co"')*0«,redleadPb"(Pb'")*0«, 
red  oxide  of  manganese  Mn''(Mn'")*0*,  &c.  Some  of  the  native  J-oxides  are 
very  slowly  attacked  by  acids,  but  all  of  them,  when  decomposed  by  acids,  form  salts 
corresponding  to  the  acids,  with  elimination  of  4  at.  water  for  each  atom  of  oxide  de- 
composed ;  e,g.^ 

Fe"(Fe'")»0'     +     8HC1       -       4HK)     +     Fe"a«     +     2Fe'"Cl». 

Oxides  wUk  five  atom^  of  oscygen,  formed  on  the  type  H"0*.  To  this  type  belong 
the  pentoxides  of  bismuth  Bi*6*,  antimony  SbK)*,  and  arsenic  As*0*,  all  of  which  are 
of  acid  character.  The  last  is  easily  soluble  in  water,  the  other  two  are  insoluble. 
With  these  oxides  may  also  be  classed  phosphoric  anhydride  P'O*.  and  nitric  anhy- 
dride NW.  t-      r  J 

The  same  metal  may  give  origin  to  many  different  oxides  and  hydrates,  as  instanced 
particularly  by  manganese.     The  protoxides  and  protohydrates  are  the  most  strongly 


OXIDES   AND  HYDRATES.  307 

ImsvIoiu,  and  then  follow  the  trioxides.    The  acid  characters  of  the  hydrates  inereaae 
with  the  relative  proportion  of  oxygen  which  they  contain : — 

MnO      Protoxide 


Hliln^O*  ManganouB  hydrate 

HMn'"0«  Manganic  hydrate 

H'Mn^'O*  Manganic  acid 

HM*"0*  Permanganic  add 


MnK)*  |-oxide8 
Mn*0«  Trioxide 
MnO«     Peroxide 


The  relations  of  the  principal  classes  of  chlorides  and  salifiable  oxides  to  one 
another  are  shown  in  the  following  table : — 

Chloride.  Oxide. 

Protochloride        KQ  Protoxide*  K'O 

Bichloride  Ba"a«  „  Ba'O 

Tetrachloride        Sn"Cl*  Dioxide  Sn"^0« 

Trichloride  Cr^'a*  Trioxide  Cr«0« 

Hexchloride  IrCl»?  „  IrO* 

Ocowrrenee  and  formation  of  Metallic  Oxides,  Some  metallic  oxides  are  found 
natire.  The  principal  of  these  are  certain  oxides  of  iron,  namely,  the  trioxide  Fe^O* 
known  as  red  hsematite  or  oligiste ;  the  hydrated  trioxide  HFe  'O',  known  as  brown 
hematite  or  brownstone;  the  }-oxide  Fe"(Fe'^)H)^,  known  as  magnetic  iron  ore,  and 
certain  oxides  of  manganese,  namely,  the  peroxide  MuO',  known  as  pyrolusite,  and 
seTeral  rarer  oxides,  including  the  trioxide  or  braunitc  Mn-O',  the  hydrated  trioxide 
or  manganite  H(Mn)'"0^  the  f-oxide  or  hausmanite  Mn"(Mn'^)'0^  and  an  oxide  of 
peculiar  composition,  known  as  yarricita.  The  principal  source  of  tin  is  the  native 
dioxide  SnO*.  or  tinstone ;  of  chromium,  the  native  double  oxide  of  chrome  and  iron, 
or  chrome-iron ;  and  of  uranium,  the  native  j-oxide  U''(U'^)K)*,  or  pitchblende.  Tri- 
oxide of  aluminium  Al^O',  occurs  native  in  the  forms  of  ruby,  sapphire,  and  corundum ; 
and  combined  with  oxide  of  magnesium  in  spinelle  Mg''(Al'^)K)^  Moreover,  native 
alumina  and  native  magnesia  occur  in  the  hydrated  state,  the  former  as  diaspore,  the 
latter  as  brucite.  Native  trioxides  of  antimony  and  bismuth  have  been  occasionally 
met  with,  as  have  also  the  two  oxides  of  copper.  Dioxide  of  titanium  is  found  native 
as  mtile,  brookite,  and  anatase. 

Metallic  oxides  are  obtamed  artificially  by  the  following  processes :  a.  The  soluble 
hydrates  of  calcium,  strontium,  and  barium  are  usually  prepared  by  the  action  of  water 
npon  the  anhydrous  protoxides.  The  soluble  hydrates  of  lithum,  sodium,  and  potassium 
might  be  made  in  a  similar  way,  but  in  practice  they  are  always  obtained  hj  decompos- 
ing solutions  of  their  carbonates,  sulphates,  or  snlphydrates  by  other  bases.  Thus  the  car- 
bonate of  alkali-metal  is  usually  decomposed  by  lime  or  baryta,  the  sulphate  by  baryta^ 
and  the  sulphydrate  by  oxide  of  copper.  Hydrate  of  barium  likewise  is  frequently 
made  by  decomposing  &e  sulphide  or  sulphydrate  of  barium  with  oxide  of  copper.  The 
six  soluble  hydrates  also  result  from  the  action  of  water  at  ordinary  temperatures  upon 
their  respective  metals.  The  insoluble  salifiable  hydrates  are  prepared  by  decomposing 
some  or  other  of  their  salts,  with  the  above  soluble  hydrates,  or  with  ammonia,  or  in 
some  cases  with  maffnesia.  Moreover,  the  carbonates  of  the  corresponding  basylous 
metals  may  be  substituted  for  the  above  hydrates  to  precipitate  those  hydrated  oxides 
which  do  not  readily  combine  with  carbonic  anhydride  to  form  carbonates,  thus : 

Sna«       +       H«0     +       Ca'CO*         =       Ca'Cl*       +     H'Sn'O*       +       C0« 
2Fea«       +     8H«0     +     SCa'CO*        »       SCa'a*     +     2H«Fe"'0»     +     3C0«. 

And,  in  a  few  eases,  water,  especially  boiling  water,  may  be  substituted  for  the  alkali, 
thus : 

Bi^CNO*)"     +     3HH)      -       3HN0»     +     H"Bi'*0«. 

Nitrate  of  tellurium  is  decomposed  by  water  in  a  somewhat  similar  manner. 

The  hydrated  peroxides  are  usually  prepared  by  adding  water  to  the  anhydrous  per- 
oxides of  the  hignly  basylous  metals ;  or  by  precipitating  their  soluble  salts  with  per- 
oxide of  hydrogen ;  or  by  passing  chlorine  gas  through  the  protoxides  of  the  heavy 
metals  suspended  in  water  or  alk^ine  liquid : 

Cl»     +     2KH0     +     2CoO       -      2Ka     +     Co*0»H*0. 

The  piotobydrates  of  iron  and  manganese  absorb  oxygen  from  the  air  to  form  their 
respective  sesquihydrates* 

*  The  recent  alterationt  in  the  atomic  welf  bti  of  the  metali  (HI.  967)  have  neeettlteted  corrnpondlng 
ftltormttons  in  the  noroenclatare  of  oxides  ;  these  compound*  being  now  called  proto-  for  mono-),  di-. 
or  triooxldes,  tlmpir  according  to  the  number  of  oxygen-atoms  which  ther  contain,  and  the  proto- and 
trt-oxiries  being  distinguished  as  di-  or  mono-metallic,  according  to  the  number  of  atoms  of  metal  associ- 
ated with  the  oxygen:  e4t-%  K*0  s  dipotassic  oxide;  Ha'O,  mono-barytic,  or  simply  barytic  oxide; 
Cr'O'  ss  dichromic  trioxide  ;  CrO*  chromic  trioxide.  The  dimetHllic  trioxides  (alumina,  for  exum- 
ple)  were  represented  aeoording  to  the  fonner  system  of  atomic  weights  (i.  466)  by  the  formula  M^O*, 
and  called  sesquionldfls. 
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$,  Anhjdroiu  ozidee  are  frequently  prepared  by  directly  axidismg  the  metal. 
Many  oxides,  especially  those  of  yolatile  metals,  arsenic,  zinc,  cadmium,  and  mercury, 
for  instance,  are  obtained  b^  simply  heating  the  metals  in  air  or  oxygen.  Protoxide 
of  lead,  a  readily  fasible  oxide,  is  made  commercially  by  roasting  the  metal  in  a  current 
of  air.  Black  oxide  of  iron  is  well  known  in  the  form  of  smithy  scales,  as  a  product 
of  the  ignition  of  iron  in  the  atmosphere ;  and  the  two  oxides  of  copper  may  be  made 
in  a  similar  manner.  Sometimes,  also,  metallic  oxides  result  from  the  direct  action 
6f  oxygen  upon  certain  compounds  .of  the  metals.  Thus  arsenious  oxide,  and  the 
mixed  oxides  of  iron  and  copper,  are  prepared  by  roasting  metallic  sulphides  instead  of 
the  reguline  metals.  Again,  peroxide  of  silver  is  made  by  acting  upon  nitrate  of  silver 
with  nascent  oxygen  evolved  from  the  positive  plate  of  the  battery.  Many  oxides,  pro- 
cured in  various  ways,  are  converted  into  their  higher  oxides  by  ignition  in  a  current 
of  oxygen  or  of  air,  as  is  the  case  with  peroxide  of  barium  and  red  oxide  of  lead,  for 
instance.  In  this  direct  mode  of  oxidation  the  oxygen  is  frequently  supplied  by  means 
of  some  oxidising  compound.  Thus  the  oxides  of  tin  and  antimony  are  readily  made 
by  acting  upon  the  respective  metals,  or  their  sulphides,  with  strong  nitric  acid ;  and 
many  oxides  are  procured  by  fusing  the  metals,  or  their  sulphides,  with  nitre.  By 
this  last  method,  the  resulting  oxides,  if  at  all  of  an  acid-forming  character,  appear  in 
the  state  of  potassium-salts.  Many  metals,  especially  at  a  red  heat,  are  readily 
oxidated  by  water  or  steam. 

y.  Some  oxides  are  made,  not  by  oxidation,  but  by  reduction  of  their  superior  oxides. 
Thus,  the  }-oxide  of  manganese  is  made  by  igniting  the  peroxide.  Trioxide  of  chro- 
mium is  made  by  igniting  chromic  acid,  or  the  chromates  of  the  volatile  metals,  mer- 
cury and  ammonium.  Cuprous  oxide  is  made  by  reducing  the  cupric  oxide  with 
metallic  copper.  Dioxide  of  tungsten  is  made  by  reducing  tungstic  anhydride  in  a 
current  of  hjdrogen.  Sometimes  the  hydrogen  resulting  from  die  decomposition  of  • 
ammonia  effects  the  reduction.  In  this  way  the  ignition  of  molybdate  of  ammonium 
yields  protoxide  of  molybdenum. 

9.  One  of  the  most  common  methods  of  preparing  anhydrous  metallic  oxides  consists 
in  heating  metallic  hydrates,  carbonates,  oxalates,  nitrates,  and  sulphates.  Nearly  all 
metallic  hydrates  yield  metallic  oxide  by  exposure  to  a  degree  of  heat  varying  from 
below  100^  to  full  redness.  The  hydrates  of  potassium,  sodium,  and  lithium  are  not 
decomposed  by  heat^  but  can  yield  their  corresponding  oxides  by  treatment  with  their 
respective  metals:  NaHO  +  Na  ««  Na'O  +  H.  All  metallic  carbonates, 
excepting  those  of  barium,  potassium,  sodium,  and,  to  some  extent,  lithium,  are 
decomposed  by  heat  and  yield  metallic  oxide.  Quicklime  or  protoxide  of  calcium  is 
made  in  this  way  by  the  ignition  of  chalk  or  carbonate  of  calcium.  The  oxides  of 
nickel  and  cobalt  are  frequently  prepared  by  igniting  their  oxalates ;  those  of  barium, 
copper,  and  mercury  by  igniting  their  nitrates ;  and  those  of  iron  and  aluminium,  by 
igniting  their  sulphates. 

Oxides  are  for  the  most  part  opaque  earthy  bodies,  destitute  of  metallic  lustre.  With 
the  exception  of  the  peroxides  of  silver,  lead,  and  manganese,  they  are  non-conductors 
of  electricity.  The  densities  of  metallic  oxides,  save  of  the  highly  basylous  ones,  are 
usually  lower  than  those  of  the  metals  themselves.  Some  native  oxides  are  extremely 
hard.  This  hardness  greatly  exceeds,  but  otHerwise  bears  no  relation  to,  the  hardness 
of  the  corresponding  metuLs.  At  ordinary  temperatures,  all  metallic  oxides  occur  in 
the  solid  state.  The  mi^jority  of  them  are  fusible,  those  of  lead  and  bismuth  at  a  low 
ted  heat,  those  of  copper  and  iron  at  a  white  heat,  those  of  barium  and  aluminium  in 
the-  oxyhydrogen  blowpipe,  but  that  of  calcium  at  no  temperature  to  which  it  has 
hitherto  been  subjected.  Unlike  the  compounds  of  metal  with  chlorine,  which  are 
much  more  fusible,  the  compounds  of  metals  with  oxygen,  except  indeed  the  black 
oxide  of  iron,  the  trioxide  of  chromium,  and  the  trioxide  of  molybdenum,  are  much  less 
frisible  than  the  uncombined  metals.  Tetroxide  of  osmium,  the  trioxides  of  arsenic 
and  antimony,  and  the  dioxide  of  tellurium  are  readily  volatile. 

A  greater  or  less  degree  of  heat  effects  the  decomposition  of  many  metallic  oxides. 
Those  of  gold,  platinum,  silver,  and  mercury  are  reduced  to  the  reguline  state  by  an  inci- 
pient red  heat.  At  a  somewhat  higher  temperature,  the  peroxides  of  barium,  cobalt,  nickel 
and  lead  are  reduced  to  the  state  of  protoxides;  while  Uie  the  {-oxides  of  maneanese  and 
iron  result  from  the  exposure  of  the  dioxide  and  trioxide  respectively  to  a  stul  stronger 
degree  of  heat  By  gentle  ignition  arsenic  anhydride  is  reduced  to  the  state  of  arsen- 
ious anhydride,  and  chromic  anhydride  to  the  state  of  trioxide  of  chromium. 

The  superior  oxides  of  the  metals  are  readily  reduced  to  a  lower  state  of  oxidation 
by  treatment  with  a  current  of  hydrogen  gas  at  a  more  or  less  elevated  temperature. 
At  a  higher  dome  of  heat^  hydrogen  ^  will  trainsform  to  the  reguline  state  all  metallic 
oxides  except  the  trioxides  of  alumimum  and  chromium,  and  the  protoxides  of  man- 
ganese, magnesium,  barium,  strontium,  oaldum,  lithium,  sodium,  and  potassium.  The 
temperature  necessary  to  enable  hydrogen  to  effect  the  decomposition  of  some  oxides  is 
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oompantirelT  low.  Thiu  even  metallic  iron  may  be  reduced  from  its  ozidee  by  hydio- 
gen  gas  at  a  heat  ooDBiderably  below  rednefls,  so  as  to  form  an  iron  pyrophoros.  Carbon, 
at  a  red  or  white  heat^  is  a  still  more  powerful  deoxidating  agent  than  hydrogen,  and 
seems  to  be  capable  of  completely  reducing  all  metallic  oxides  whatsoever.  In  the  re- 
duction of  meUdlic  oxides  by  carbon  at  a  high  temperature,  carbonic  oxide  is  always 
produced,  the  reducing  power  of  which  gas  also  is  extremely  great  The  oxidiBoJole 
metals  in  general  act  as  reducing  agents.  As  a  rule,  the  more  basylous  metals,  when 
heated  with  the  oxides  of  less  basylous  metals,  reduce  the  latter  to  the  reguline  state. 
Many  inferior  oxides,  cuprous-  oxide  for  instance,  are  made  by  reducing  the  higher 
oxides  with  metal 

With  the  exception  of  the  oxides  of  the  earth-metals,  chlorine  decomposes  all  me- 
tallic oxides,  uniting  with  the  metals  to  form  chlorides,  and  expelling  the  oxygen. 
With  oxide  of  silver  this  reaction  takes  place  at  ordinary  temperatures;  with  the 
alkalis  and  alkaline  earths,  at  a  full  red  heat  The  action  of  chbrine  upon  metallic 
hydrates  and  moist  metallic  oxides,  to  form  metaUic  chlorides  and  either  hypochlorites 
or  peroxides,  has  been  already  described. 

aulpkur  at  an  elevated  temperature  can  decompose  most  metallic  oxides.  With 
many  oxides,  those  of  silver,  mercury,  lead  and  copper,  for  instance,  metallic  sulphides 
and  sulphurous  anhydride  are  produced.  With  the  highly  basylous  oxides,  the  pro- 
ducts are  metallic  sulphate  and  sulphide.  There  are  some  oxides  upon  which  sulphur 
exerts  no  action.  Of  these  the  principal  are  magnesia,  alumina,  chromic  oxide^  and 
the  stannic  and  titanic  anhydrides.  By  boiling  sulphur  with  soluble  hydrates,  mix- 
tures of  polysulphide  and  hyposulphite  are  produced.  With  the  exception  of  magnesiA, 
alumina,  and  chromic  oxide,  most  metallic  oxides  can  absorb  sulphuretted  hydrogen, 
to  form  metallic  sulphide  or  sulphydrate  and  water. 

The  action  of  phosphonu  upon  metallic  oxides  is  very  analogous  to  that  of  sulphur; 
it  usually  produces  a  mixture  of  phosphide  and  phosphate.  L&e  sulphur  it  does  not 
react  with  magnesia  or  alumina.  Boiled  with  the  soluble  alkalis  it  produces  phos- 
phoretted  hydrogen  and  a  hypophosphite. 

The  action  of  toater  and  acids  upon  metallic  oxides  has  been  already  considered 
(pp.  302-306).  Many  of  the  acid  oxides  dissolve  in  water  to  a  greater  or  less  extent, 
undergoing  decomposition  and  forming  acid  solutions.  But  the  dioxides  of  tin, 
titanium,  zirconium,  and  tantalum,  and  the  trioxides  of  tellurium  and  tunssten,  may 
be  obtained  in  a  state  perfectly  insoluble  in  water.    (Odlin^s  Maniud  of  (Jkemisiry.)  \ 

Peroxides  of  Organic  Radicles, 

The  hydrates  and  oxides  of  basylous  or  positive  organic  radicles  formed  on  the 
n.H*0  have  been  already  described  under  Alcohols  (i.  97)  and  Ethbbs  (ii.  608) ; 
the  hydrates  and  oxides  of  acid  or  negative  organic  radicles  formed  on  the  same 
type  are  described  under  Aoids  (i.  39),  and  Amhtdbidbs  (i.  293).  We  have  here 
to  describe  certain  peroxides  of  add  organic  radicles  recently  discovered  by  Brodie 
(Proc.  Roy.  See.  ix.  361,  xiL  655;  Phil.  Trans.  1864,  p.  407;  Chem.  Soc  J.  xvii. 
266).     The  following  have  been  obtained : — 

Peroxide  of  Acetyl      .        .        .        C<H«0*  -     (C^«0)».0« 

Peroxide  of  Butyryl  . 
Peroxide  of  Valeryl  . 
Peroxide  of  Benzoyl  . 
Peroxide  of  Nitrobenzoyl 

■      "~  .        C»H«0*  -     (C"H»0)*.0»" 

C"H»«0»  -     C"ffH)».0«. 


Peroxide  of  Cuminyl 
Peroxide  of  Gamphoiyl 


C»H'H)*  ..  (C*H'0)*.0« 

C"H»"0*  -  (C*fl»0)*.0« 

C'*H»»0*  «  (CH»0)«0« 

C"H«(NO»)K)«  «  [C'H«(NO«)0]«0* 


These  organic  peroxides  are  produced  by  the  action  of  peroxide  of  barium  on  the 
chlorides  or  oxides  (anhydrides)  of  the  several  add  radides.  In  their  chemical  rela- 
tions they  are  the  analogues  of  peroxide  of  hydrogen  and  of  chlorine. 

The  formuke  just  given  express  their  composition  in  the  free  state ;  the  first  six, 
which  contain  monatomic  radicles,  might  all  be  halved,  but  the  half-formuln  would 
contain  uneven  numbers  of  hydrogen-atoms  and  cannot  therefore  be  admitted  for  the 
isolated  compounds :  these  half-molecules,  however,  like  the  single  atom  of  chlorine, 
may  exist  in  combination  with  hydrogen,  producing  the  corresponding  adds;  thus: — 

Free  chlorine.  Hydrochloric  add. 

aCl.  HCl. 

Free  peroxide  of  Acetic  add* 

acetyl. 

C*H«0*.  H.C«HK)« 

Peroxide  of  Acetyl^  C*E*0\  is  prepared  by  dissolving  acetic  anhydride  in  poM 
ether,  and  gradually  adding  an  equivalent  quantify  of  pure  peroxide  of  barium : 

2C«H«0«     +     Ba^O*      »      C^H^Ba^O*     -f     C«H«0«. 
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Iti  preparBtion  and  properties  hare  already  been  described  (i.  36).  When  dry  it  is 
violently  explosire  and  must  be  handled  with  the  greatest  caution.  It  is  a  powerful 
oxidising  agent,  like  peroxide  of  hydrogen,  bat  is  distinguished  from  that  compound  by 
not  reducing  chromic  or  permanganic  acid  in  acid  solution. 

Peroxide  ofButyryl,  C'H"0*,  is  easily  prepared  by  carefully  mixing  butyric 
anhydride  with  an  equir^ent  quantity  of  hydrated  peroxide  of  barium  (till  a  drop  of 
the  mixture,  acidulated  with  hydrochloric  acid,  gives  a  faint  blue  colour  with  dilute 
solution  of  acid  chromate  of  potassium),  stirring  up  the  mass  with  a  little  water,  and 
agitating  with  ether.  The  ethereal  solution  washed  with  dilute  hydrochloric  acid, 
carbonate  of  sodium,  and  water,  and  left  to  evaporate,  leaves  the  peroxide  of  butyiyl  as 
an  oily  body  only  slightly  soluble  in  water ;  it  must  be  dried  with  chloride  of  calcium. 
It  decomposes  with  slight  explosion  when  heated,  and  when  suspended  in  water  exerts 
an  oxidising  action,  like  the  acetyl-compound. 

Peroxide  of  Valeryl,  C**H"0*,  prepared  in  like  manner,  is  a  heavy  oily  liquid, 
possessing  similar  properties. 

Peroxide  of  Benzoyl,  C"H"0\  is  prepared  by  gradniilly  mixing  pure  hydrated 
peroxide  of  barium  (previously  dried  by  pressure  between  bibulous  paper)  in  a  mortar 
with  an  equivalent  quantity  of  chloride  df  benzoyl ;  mixing  the  mass  i^ter  some  hours 
with  water ;  washing  it  on  a  filter  with  water  to  remove  chloride  of  barium,  then  with 
carbonate  of  sodium  to  remove  benzoic  acid ;  drying  the  product  under  the  air-pump, 
and  crystallising  it  several  times  from  sulphide  of  carbon,  which  must  not  be  heated 
above  35^.  The  quantity  thus  obtained  amounts  to  about  88  per  cent  of  the  benzoic 
chloride  used.  Excess  of  water  diminishes  the  product.  It  is  necessary,  however,  to  use 
hydrated  peroxide  of  barium,  because  the  anhydrous  peroxide  does  not  act  upon 
benzoic  anhydride,  or  chloride  of  benzoyl  dissolved  in  ether,  even  at  100°.  The 
quantity  of  the  product  is  also  diminished  by  the  presence  of  peroxide  of  barium  in 
excess,  inasmuch  as  this  body,  in  presence  of  water,  destroys  the  peroxide  of  benzoyl, 
exerting  a  reaction  exactly  opposite  to  that  by  which  it  was  produced :  thus. 

Formation:    2C^H»0a     +     BaO»      =      BaCl*     +     0C'H»O)*O». 

Benxoic  Seniolc  per- 

ch loride.  oxide. 

Decomposition:    (C^H»0)*0«     +     BaO«       »       (C'H»0)»Ba"0«     4-     0». 

Beniolc  per*  Benzoate  of 

oxide.  barium. 


macrodiagonal  terminal  edge  «  97°  36';  at  the  base  «  102°  11'.     (Miiller.) 

Peroxide  of  benzoyl  melts  af  103*6°  (only  very  small  quantities,  however,  can  be 
melted  without  decomposition) ;  it  dissolves  readily  in  ether  and  benzene,  and  in  39-6 
pts.  sulphide  of  carbon  at  16°.  It  is  decomposed  by  boiling  potash-ley  with  evolution 
of  oxygen,  and  formation  of  potassic  benzoate.  When  heat^  alone  it  decomposes  with 
■light  explosion ;  if  mixed  with  sand,  it  gives  off  carbonic  anhydride  (nearly  18  per 
cent.),  at  about  86°,  leaving  a  resinous  substance. 

Peroxide  ofNitroheneoyl,  C"H*(NO*)*0*,  is  precipitated  on  adding  water  to  a 
solution  of  benzoic  peroxide  in  a  large  excess  of  fuming  nitric  acid,  and  remains,  on 
evaporation  of  its  solution,  in  sulphide  of  carbon,  as  a  £ght  yellow  substance  which 
decomposes  with  slight  explosion  when  heated. 

Peroxide  of  Cuminyl,  C**H«0*,  is  prepared  like  the  benzoyl-compound,  and 
crystallises  from  ether  in  long  needles^  which  explode  when  heat^,  leaving  a  resinous 
substance. 

Peroxides  of  Diatomic  Acid  Radicles,  The  anhydrides  of  dibasic  acids 
treated  with  peroxide  of  barium  form  easily  decomposible  compounds  which  may  be 
regarded  as  the  peroxides  of  diatomic  radicles.  When  succinic  anhydride  is  gradually 
mixed  with  peroxide  of  barium  and  a  little  water,  an  evolution  of  oxygen  soon  takes 
place,  and  an  alkaline  liquid  is  formed  which  does  not  contain  any  succinate  of  barium, 
but  possesses  strong  oxioising  properties,  though  it  contains  no  peroxide  of  hydrogen, 
as  it  does  not  decolorise  permsnganic  acid  or  form  a  blue  colour  with  acid  chromate 
of  potassium  (as  is  the  case  with  a  mixture  of  barium-peroxide  and  succinic  add). 
The  solution  bleaches  indigo,  precipitates  manganic  peroxide  from  manganous  acetate, 
oxidises  ferrocyanide  of  potassium,  eliminates  chlonne  from  hydrochloric  acid  when 
heated  with  it,  and  is  resolved  by  boiling  into  free  oxygen  and  succinate  of  barium. 
With  lacHde  a  solution  is  formed  possessing  similar  properties,  but  still  more  deoom- 
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pofiible.  More  peimanent  is  the  alkaline  strongly  oxidising  solution  obtained  bj 
saturating  1  at.  camphorto  anhydride  in  a  well-cooled  vessel,  with  1  at.  barium-peroxide 
and  water.  This  solution  appears  to  contain  the  barium-salt  of  camphoric  peroxide 
C»»H"Ba"0*,  formed  by  the  direct  union  of  camphoric  anhydride  C'«H"0«  with 
barium-peroxide  BaO',  and  not  a  camphorate  of  barium-peroxide;  for  it  does  not 
yield  peroxide  of  hydrogen  with  acids,  or  barium-peroxide  with  alkalis. 

OZTasnr,  BSTBCTIOW  JLXm  BSTZniATZOir  01>.  Oxygen  in  the  pure 
state,  is  easily  distinguished  from  all  other  gases  by  the  facility  with  which  it  supports 
combustion ;  a  taper  or  a  piece  of  wood  immersed  in  it  with  only  a  single  point  in  a  state 
of  ignition  bursts  instantly  into  flame.  This  effect  is  not  produced  by  any  other  gas 
except  nitrous  oxide,  which  acts  like  diluted  oxygen,  rekindling  the  taper  only  when 
the  wick  is  still  in  a  state  of  Tivid  glow. 

In  gaseous  mixtures,  oxygen  may  be  detected,  and  its  quantity  estimated,  by  means 
of  a  solution  oi  pyrogallate  of  potassium^  which  absorbs  it  rapidly,  turning  black  at  the 
same  time ;  for  the  details  of  the  method  see  Analysis  of  Qases  (i.  283).  A  solution 
oi  gallic  or  tannic  acid  in  excess  of  potash  may  also  be  used ;  but  the  action  of  these 
solutions  is  much  slower.  Oxygen  is  also  absorbed  by  phosphoruH^  potassium, 
solutions  of  alkaline  sulphides^  ferrous  saltSf  and  by  an  ammoniacal  solution  of  cuprous 
chloride,  or  of  cuprous  sulphate  ;  but  none  of  these  reagents  are  so  conyenient  or  so 
exact  in  their  indications  as  pyrogallate  of  potassium. 

Oxygen  may  also  be  separated  from  gaseous  mixtures,  and  quantitatively  estimated, 
by  explosion  with  hydrogen^  the  volume  of  oxygen  present  being  equal  to  a  third  of  the 
volume  of  gas  which  disappears,  supposing  of  course  that  all  other  gases  which  can  unite 
either  with  the  oxygen  or  with  the  hydrogen  have  been  previously  removed  (i  285). 

The  amount  of  oxygen  in  solid  or  liquid  compounds  is  usually  estimated  by  differ- 
ence, after  all  the  other  elements  present  have  been  determined  (see  Analysis,  Oboanic, 
L  239).  There  are  but  few  compounds  from  which  oxygen  can  be  separated  in  the 
free  state  by  the  action  of  heat  alone,  and  it  is  only  from  the  noble  metals  that  it  can 
be  completely  separated  in  this  way ;  but  the  usual  method  of  determining  the  oxygen 
in  metallic  oxides  is  by  ignition  in  an  atmosphere  of  hydrogen,  the  water  produced 
being  absorbed  by  chloride  of  calcium,  and  weighed. 

Active  oxygen  or  ozone  is  distinguished  from  ordinary  oxygen  by  its  more 
powerful  oxidising  properties.  The  reagent  usually  employed  for  detecting  its 
presence  in  the  air,  or  in  any  gaseous  mixture,  is  paper  covered  with  starch-paste 
containing  iodide  of  potassium,  which  when  moistened  quickly  assumes  a  blue  or 
violet  colour  in  contact  with  ozone. 

Starch-paper  impregnated  with  solution  of  potassium-iodide  of  known  strength  is 
also  used  for  determining  the  relative  quantities  of  ozone  in  the  air  in  different 
localities,  and  at  different  times,  the  amount  present  being  regarded  as  inversely  propor- 
tional to  the  time  of  exposure  required  to  produce  a  given  depth  of  tint.  But  the 
indications  thus  afforded  are  uncertain,  the  rapidity  of  the  action  being  modified  by 
various  circumstances,  as  by  the  temperature  and  humidity  of  the  air ;  moreover, 
the  paper  once  coloured  by  ozone  becomes  decolorised  again  by  continued  exposure, 
and  the  same  effects  of  coloration  and  subsequent  decoloration  may  be  produced  by 
other  gases  in  the  air,  chlorine,  the  oxides  of  nitrogen  for  example.  For  these  reasons, 
Houzeau  prefers  litmus-paper,  slightly  reddened  and  impregnated  with  iodide  of 
potassium.  This  paper  turns  blue  in  presence  of  ozone,  the  coloration  arising  from  the 
production  of  a  certain  quantity  of  potash  and  separation  of  iodine.  The  same 
change  of  colour  is  not  produced  by  any  other  gas  except  ammonia,  and  the  blueing 
produced  by  this  reagent  is  easily  distinguished  from  that  arising  from  the  action  of 
ozone,  inasmuch  as  it  is  likewise  producea  on  red  litmus-paper  not  containing  iodide 
of  potassium.  Chlorine,  bromine,  iodine,  nitrous  compounds  and  acetic  acid,  change 
the  red  colour  of  the  prepared  paper  to  reddish  yellow. 

Andrews  estimates  the  quantity  of  ozone  contained  in  a  given  volume  of  air  by 
passing  the  dry  air  through  a  bulb-apparatus  containing  solution  of  potassium-iodide, 
then  through  another  containing  strong  sulphuric  acid  to  absorb  the  water  carried 
away  from  the  first  solution.  The  increase  of  weight  of  the  two  apparatus  gives 
the  quantity  of  ozone  absorbed,  and  on  determining  the  quantity  of  iodine  set  free, 
accoiding  to  Bunsen's  method  (i  265),  it  is  found  that  the  quantity  of  oxyeen 
equivalent  to  the  iodine  thus  liberated  is  exactly  equal  to  that  of  the  ozone  absorbed 
(p.  301). 

Atomic  weight  of  Oxygen, — ^The  proportion  between  the  atomic  weights  of  oxygen  and 
hydrogen  is  determined  by  the  analysis  and  synthesis  of  water.  The  most  exact 
method  consists  in  passing  perfectly  pure  hydrogen  gas  over  red-hot  oxide  of  copper, 
and  comparing  the  loss  of  weight  which  this  oxide  sustains  with  that  of  the  watn 
produced    Experiments  made  in  this  manner  by  Berselini  and  Dnlong^  Aim.  Ch. 
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Phys.  IzT.  886),  fabflequentlj  with  greater  ezactneas  by  Dam  as  and  Stas  (Ann.  Ch. 
Phyi.  [3]  Tiii.  189),  and  by  Erdmann  andMarchand  (J.  pr.  Chem.  zItL  461),  concur 
in  showing  that  water  is  composed  of  1  pt.  by  weight  of  hyw)gen  and  8  of  oxygen  (iiL 
195),  and  therefore,  that  if  the  atomic  weight  of  hydrogen  be  taken  as  the  unit,  and  the 
composition  of  water  be  represented  by  the  formula  HK),  the  atomic  weight  of  oxygen 
is  16.  The  reasons  for  regarding  water  as  H*0,  and  not  as  HO,  have  ^n  fully  £b- 
cussed  in  the  article  Atomic  Wbiobts  (i.  461). 

OXTOBWATB9  WATSR*  Water  holding  peroxide  of  hydrogen  in  solution 
(iiL  197).  Schonbein  (J.  Pharm.  [4]  i.  76;  Bull.  Soc.  Chim.  1865,  i.  69)  detects 
the  presence  of  peroxide  of  hydrogen  in  water  by  its  power  of  converting  the  protoxides 
of  lead,  nickel  and  a  few  other  metals  into  peroxides,  and  the  decomposition  of  potas- 
sium-iodide by  these  peroxides  in  presence  of  an  acid.  The  liquid  to  be  tested  having 
been  rendered  alkaline  by  a  little  potash,  a  small  quantity  of  a  lead-salt  is  added  (not 
in  excess)  and  then  iodide  of  potassium  mixed  with  starch.  If  then,  on  adding  an  acid, 
a  blue  colour  is  produced,  the  presence  of  peroxide  of  lead,  and  consequently  of  peroxide 
of  hydrogen,  in  the  original  liquid  may  be  inferred. 

OZTOBVOXD.  A  name  applied  by  D  u  f  1  o  s  to  those  non-metallic  elements  which 
in  their  chemical  relations  exhibit  a  certain  resemblance  to  oxygen,  viz.  bromine, 
chlorine,  fluorine,  iodine,  selenium  and  sulphur. 

OZTOVAWXITB.  A  substance  produced  by  the  action  of  permanganate  of  potas- 
siiun  on  guanine  dissolved  in  caustic  soda.    (See  OxjAKma,  ii.  962.) 

OXTOimraao  ACD.  OH>«0".  (A.  Beyer,  Ann.  Ch. Pharm.  cxxxi.  353.)— 
When  glucose  is  treated  with  cupric  oxide  and  potash  for  the  preparation  of  Eeichardt's 
gummic  acid  (ii.  956),  the  resulting  liquid  precipitated  with  chloride  of  barium  after 
beinff  rendered  slightly  alkaline  by  ammonia,  and  the  precipitated  gummate  of  barium 
dried  over  the  water^bath,  part  of  it  is  converted  by  oxidation  into  oxygummate  and 
carbonate  of  barium  : 

C«H>«0>«     +     0»       =       C«H»»0"     +     2C0« 

Quminic  acid.  Oxygummic 

acid. 

The  barium-salt  treated  with  sulphuric  acid  yields  a  solution,  from  which  oxygummic 
acid  may  be  obtained  in  shining  needles  soluble  in  water  and  alcohol.  The  solutions 
are  strongly  add.  The  crystals  dried  in  the  air,  or  over  sulphuric  acid,  give  off 
water  and  leave  a  white  powder  soluble  in  water.  Heated  above  130^  the  acid  decom- 
poses with  intumescence,  giving  off  pungent  aromatic  vapours  and  leaving  an  acid  car- 
bonaceous residue. 

Oxygummic  acid  is  tetrabasic.  The  barittmrsalt,  C*H*Ba''0",  is  a  bulky  precipitate 
which  soon  becomes  crystalline ;  it  dissolves  sparingly  in  water,  easily  in  bydrochlorie 
acid,  and  gives  off  a  little  water  at  100°.  The  silver-Halt,  C*H«Ag*0",  is  a  white  preci- 
pitate sparingly  soluble  in  acetic  acid,  less  sensitive  to  light  than  the  gummate.  At 
100°  it  deflagrates  like  oxalate  of  silver. 

OXTBZPWBZO  AJCTU.  C*H"NO^ — This  is  probably  the  composition  of  an 
easily  soluble  acid  produced  by  boiling  the  aqueous  solution  of  diazohippuiic  acid, 
CH'N*0'  (the  product  of  the  action  of  nitrons  acid  on  amido-hippunc  acid,  iii. 
160).     (P.  Oriess,  Jahresb.  1862,  p.  260.) 

OXTBY»3ftOOB«  B&OIXnPZPBp  See  Blowpifp  (i.  616).— Deville  and 
I)  ebray  (Ann.  Ch.  Phys.  r3][  Ivi.  385)  employ  the  oxyhydrogen  blowpipe  in  the  following 
manner  for  effecting  the  fusion  of  platinum  and  the  refractory  metals  which  accompany 
it.  The  apparatus  consists  of  the  blowpipe  C  (fig.  733),  a  fiiniaoe  A^D,  and  a  crucible 
GUI.  The  blowpipe  is  composed  of  a  copper  tube  about  half  an  inch  in  diameter,  ter^ 
minating  below  in  a  slight! v  conical  platinum  jet  about  1^  inch  long.  Within  this 
tube,  which  is  supplied  with  hydrogen  or  coal  gas  through  the  stop-cock  H,  is  a  second 
copper  tube  C  for  supplying  oxygen,  terminated  also  by  a  platinum  nozzle  with  an 
aperture  of  about  a  twelfth  of  an  inch  in  diameter. 

The  fiirnace  ABD  consists  of  three  pieces  of  weU-bumt  lime  of  slightly  hydraulic 
quality,  which  may  be  turned  at  a  .lathe  with  ease.  The  cylinder  A  is  about  2^ 
inches  thick,  and  is  perforated  by  a  slightly  conical  hole  into  which  the  blowpipe 
fits  accurately,  passing  about  half-way  through  the  thickness  of  the  mass.  A  second 
somewhat  deeper  cylinder  of  lime  B,  is  hollowed  into  a  chamber  wide  enough  to  admit 
the  crucible,  and  leave  an  interval  of  not  more  than  a  sixth  of  an  inch  dear  around 
it.     KK  are  four  apertures  for  the  escape  of  the  products  of  combiistion. 

The  outer  crucible  HH  is  also  made  of  lime,  but  it  contains  a  smaller  crucible  I  of 
gas-coke,  provided  with  a  cover  of  the  same  material ;  and  in  this  the  substance  to  be 
fused  is  placed,  the  crucible  resting  on  the  lime  support  JX,  The  conical  coyer  G  is 
made  of  lime,  and  its  apex  should  be  placed  exactly  under  the  blowpipe  jet^  at  a  distance 
from  it  of  }  to  1^  inch. 
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The  diSercDt  piena  of  the  farDsee  miut  be  bound  round  with  iron  wire  to  mppor 

them  when  thej  crack.    The  oxygen  is  admitted  nader  ■  preesnro  of  a  column  of  10 

inches   of  water.     The  temperature  is 

Fig.  733.  gradually  ibJbmI  t«  the  maximum,  and  in 

g  about  eight  minutes  from  this  time  the 

operation  is  complete. 

By  employing  a  jet  of  mixed  coal-gai 

'      and  oxygen  {EQ,  fig.  734)  in  a  flimaoe  cf 

Fig.  734. 


lime,  Deville  and  Dehisy  lucceeded,  at . 
an  expense  of  about  43  cubic  feet  of 
oxygen,  in  melting  and  refining  in  42 
minutee,  2£'4  Ibe.  SToirdupois  of  plati- 
num, and  casting  it  into  an  ingot  in  k 
mould  of  gae-roke ;  and  mnch  larger 
masses  huTe  since  been  melted  by  thia 
method.  Lime  is  so  bad  a  coudncloc 
of  heat  that  if  a  cap  of  lime  not  more 
than  0-8  inch  thick  be  Slled  with  melted 
platinum  the  exterior  scarcely  rises  be- 
yond 300"  F.  (fdUWt  Elcmrrttt  of  Chmulry,  3cd.  ed.  pi,  iL  p.  826.) 
0XT-I09I0    ACZS-     Syn.  with  PxBiODic  Acid. 

OXTKZSATIOX.  A  term  applied  bj  Scbiiubein  (P<^.  Ann.  Ixxi.  620)  lotbe 
oxidising  action  of  nitrous  add,  nitnc  acid,  &c.,  at  ordinnrytemperatureo.  Hempposn 
that  part  of  the  oxygen  in  these  bodies  ie  in  a  peculiar  actire  elate  (combined  ocon* 
in  fact,  and  calle  it  ■'  oiylised  oiygen." 

OXYX.ZXABXO   ACZS.     Syn.  with  PdbfdbiM. 

OXTSKBrBTX-O&BSmnO  ACXS.  A  name  applied  by  Eolbe  (Ann.  Ch. 
Pharm.  cxiril.  169)  to  glycollic  acid,  regarded  as  fiO,  C»j^|  [CO^O. 

OZVBCBTHn-TSZBTMTKi-VHOBPKOBI  1 U  M.     {See  PHOSPHOBUa-BUm.) 
OXTKOftVaZHX.    AccordingIoSchiitzenberger(ADn.Ch.Ph&nn.CTii.  346), 
morphine  (C"H'*NO')  treated  with  nitroue  acid  yields  three  basic  products  to  which 
he  aseigns  the  formnte,  Ci'H"NO';  C"H"NO'.H=0;  and  C"H"NO*. 

OXTWATXTXAUO   AOIS,     C'*H'0'.— Thia  compound  has  not  been  aetotlty 
obtained,  but  two  chlorinated  acids  Hre  known  which  may  be  regarded  as  deriratiTes 
■         ■  ■  .....     ij^jj  Ci'H'ClO",  and  perchloroxynaph- 

e  produced  by  the  action  of  potash  on  the  cor- 
responding chlorides  (vid,  in/,),  AliiariD  has  the  comporition  of  oxynaphtbalic  acid. 
but  it  ia  not  produced  by  the  action  of  sodium-amalgam  or  of  the  electric  current  on 
cbloroiynaphtluUic  acid. 

Chloroxynaphthatie  add,  C'HH^IO*,  also  called  chlonmaphthitk  mA  tUoro- 
naphthalic  acid,  has  been  already  described  under  the  last  name  (p.  H). 

PtTcktoroxgnaphthalie  acid,  C"Ha>0'.  Chloride  of  perchloroxynaphthyl 
treated  with  potash  ia  immediately  converted  into  a  crimson  substance  from  which 
acids  separate  yellow  perchloiDxynaphthalic  acid.  It  may  be  crystalliacd  &am  ether, 
COQTerted  into  a  polassiam-aatt,  reprecipilated  by  an  acid,  and  further  purified  by  cryi- 
talliiiation  from  iflcobol  or  ether.  In  contact  with  potash  or  ammonia  it  foims  red  or 
erimsou  salts,  which  are  insoluble  in  cold  water,  but  appear  to  be  slightly  soluble  in 
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boiling  water.    They  may  be  obtained  in  the  crystalline  fonn  by  neutralising  a  boiling 
alcoholic  solution  of  the  acid  with  an  alkali.     (Laurent,  Rev.  Scient  ziii.  696.) 

OZTWAFBTBYXv  CBXiORZBB  OF.  The  chloride  corresponding  to  ox^- 
naphthalic  acid  has  not  been  obtained,  but  two  chlorinated  derivatives  of  it,  being  the 
chlorides  corresponding  to  the  chloroxynaphthalic  adds  just  described,  were  discovered 
by  Laurent  (Ann.  Ch.  Phys.  [2]  Ixxiv.  35  ;  Rev.  Scient.  xiii.  691).  They  are  formed 
by  the  action  of  nitric  acid  on  certain  chlorinated  derivatives  of  naphthalene. 

Chloride  of  Chloroxynaphthyl,  C'«H*CTO«  «  C"H*C10».CL  Oxkhloronaph- 
talose.  Oxyde  de  chloroxenaphtose. — Tetrachloride  of  chloronaphthalene  is  slowly  at- 
tacked by  boiling  nitric  acid,  becoming  yellow  and  continually  more  fusible.  If  the  action 
be  stopped  as  soon  as  the  yellow  substance  remains  on  cooling  in  the  form  of  a  very  thick 
oil,  a  solution  of  phthalic  acid  is  obtained,  together  with  a  viscid  yellow  oil  in  which  a 
yellow  pulverulent  deposit  forms  after  a  while.  The  separation  of  this  substance  may 
be  accelerated  by  pouring  ether  on  the  oil,  and  if  the  ethereal  solution  be  decanted  after 
a  day  or  two,  the  deposit  washed  on  a  filter  with  ether,  and  then  dissolved  in  a  large 
quantity  of  boiling  alcohol,  the  solution  deposits  on  cooling  needle-shaped  crystals  of 
chloride  of  chloroxynaphthyL 

This  compound  is  yellow,  insoluble  in  water,  vety  slightly  soluble  in  alcohol  and 
ether,  whence  it  is  deposited  in  needles.  It  distils  without  alteration;  is  dissolved 
with  mahogany  colour  by  strong  sulphuric  acid ;  and  is  converted  by  nitric  acid  into 
phthalic  acid.  An  alcoholic  solution  of  potash  colours  it  crimson,  and  decomposes  it 
into  chloride  and  chloroxynaphthalate  of  potassium. 

Chloride  of  PerchloroxynaphthyL  C'»CTO«  =  C»«a*0«.Cl.  Oxyde  de 
chloroxinaphtalise. — Produced  by  the  action  of  boiling  nitric  acid  on  hexchloronaph- 
thalene.  The  action  is  very  slow,  requiring  three  or  four  days  boiling  to  complete  it ; 
but  ultimately  a  resinous  substance  is  obtained ;  which,  when  freed  from  a  little 
oily  matter  by  ether,  and  purified  by  one  or  two  crystallisations  from  boiling  petroleum, 
has  the  composition  of  chloride  of  perchloroxynaphthyl. 

This  substance  when  pure  forms  highly  lustrous  golden-yellow  scales.  It  is  insoluble 
in  water  and  alcohol,  slightly  soluble  in  boiling  ether.  It  melts  at  a  somewhat  high  tem- 
perature and  volatilises  in  great  part  without  alteration.  By  boiling  nitric  acid^  it  is 
probably  converted  into  tricblorophthalic  acid.  Potash  and  a7nmonia  convert  it  into 
chloride  and  perchloroxynaphthalate. 

OXTVAPBTSYXAMZMV.  C^H'NO.  Oxynaphthylidine.  JSaphthameine, 
(Piria,  Ann.  Ch.  Pharm.  Ixxviii.  41. — H.  Schiff,  imd.  ci.  90.) — A  base  produced 
by  the  action  of  various  oxidising  agents,  such  as  ferric,  auric,  mercuric,  stannic, 
or  zinc  chloride,  silver-nitrate,  or  chromic  acid  on  naphthylamine.  The  violet  colour 
acquired  by  naphthylamine  and  its  salts,  as  well  as  by  the  thionaphthamates,  on 
exposure  to  the  air,  is  probably  due  to  the  formation  of  this  base.  According  to 
Ganahl  (Ann.  Ch.  Pharm.  xcix.  240),  it  is  likewise  formed,  with  evolution  of  nitrogen 
by  the  first  action  of  nitrous  acid  on  naphthylamine  suspended  in  water. 

To  prepare  it,  hydrochlorate  of  naphthylamine  is  dissolved  in  alcohol,  the  solution 
diluted  with  water,  but  not  sufficient  to  cause  turbidity,  and  trhile  the  whole  is  con- 
tinuously stirred,  aqueous  ferric  chloride  is  added,  drop  by  drop,  until  a  slight  excess 
is  present.  The  whole  is  allowed  to  stand  for  an  hour  with  repeated  stirring,  and  the 
precipitate  is  then  collected,  and  washed,  first  with  water  till  the  wash-waters  cease  to 
become  turbid  with  nitrate  of  silver,  afterwards  with  alcohol,  and  then  dried  in  vacuo 
(Piria).  Schiff  adopts  the  same  method,  or  he  precipitates  sulphate  or  acetate  of 
naphthylamine  with  aqueous  chromic  acid. 

Oxynaphihylamine  is  a  lights  amorphous,  dark  purple  powder  closely  resembling 
orcein.  When  moist^  it  has  a  peculiar  odour,  resembling  that  of  iodine,  especially  if 
heated.  It  is  insoluble  in  water ^  also  in  ammonia  and  caustic  potash.  It  dissolves 
sparingly  in  alcoholy  imparting  its  colour  to  the  liquid;  abundantly,  with  purple 
colour,  in  ether^  and  is  precipitated  from  the  (iolution  by  spontaneous  evapora- 
tion as  an  amorphous  powder.  It  dissolves  in  cold  sulphuric  acid,  forming  a  blue 
liquid  of  the  colour  of  indigo-solution,  and  is  precipitated  by  water  unchanged.  It 
dissolves  in  concentrated  acetic  acid  with  violet  colour ;  the  solution  is  not  precipitated 
by  water  or  by  tartaric  acid,  but  oxynaphthylamine  is  precipitated  therefirom  by  most 
acids,  alkalis,  and  metallic  chlorides.     (Piria.) 

It  does  not  combine  with  acids  or  with  bases. 

It  melts  when  heated,  and  immediately  decomposes,  evolving  an  aromatic  vapour 
smelling  of  naphthylamine;  and  finally  leaves  a  residue  of  difficultly  combustible  char- 
coal, which  however  may  be  completelv  burned.  When  moist,  or  immersed  in  water,  it 
rapidly  becomes  violet ;  hence  it  is  difficult  to  obtain  the  dry  product  of  a  pure  blue 
colour. 

The  name  oxynaphthylamine  is  also  applied  byDusarttoa  weak  base,  probably 
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contaming  C'*H"NO^  produced  by  the  action  of  reducing  agents  on  nitroiTnaphthalic 
acid  (p.  118). 

H        ) 
OXTVASATASTASZO  AOXB.     G«H"0*      «       (C'H^O^" >-0*.    (Maxwell 

H«       3 
Simpson,  Proc  Roy.  Soc  ziii.  44 ; — ^Bnll.  Soc.  Ghim.  iii.  368.) — This  acid,  homo- 
logous with  malic  acid  (C*H*0*),  and  related  to  paratartaric  acid  in  the  same  manner 
as  malic  to  succinic  acid,  is  produced  together  with  ammonia  by  the  action  of  potash 

on  glycero>hydric  oxydicyanide  or  dicyanhydrin       ir      [  n^s  i  the  cyanic  analogue  of 

dichlorhydrin : 

C»H«OCy«     +     2KH0     +     2H«0      -      C»H«K«0»     +     2NH». 

PreparctUon. — A  mixture  of  1  st  dichlorhydrin  and  2  at  pure  potassium-cyanide 
with  a  certain  quantity  of  alcohol  is  heated  to  100^  in  well  closed  secUete-water  bottles 
for  twenty-lour  hours,  by  which  time  the  whole  of  the  cyanide  of  potassium  is  conrerted 
into  chlonde.  The  contents  of  the  bottles  are  then  filtered ;  the  solution  containing  di- 
cyanhydrin is  heated  with  sticks  of  potash  as  long  as  ammonia  continues  to  escape ;  and 
the  residue,  after  being  freed  from  alcohol  by  distillation,  is  treated  with  nitric  acid,  the 
excess  of  which  is  then  also  evaporated  off.  On  treating  the  residue  consisting  of 
potassium-nitrate  and  oxyparatartaric  acid  with  alcohol,  evaporating  the  filtrate,  r^Lis- 
solving  the  strongly  coloured  residue  in  hot  water  and  treating  it  with  chlorine,  then 
neutndising  the  whole,  cautiously  precipitating  a  third  of  the  acid  with  silver-nitrate, 
then  filtering,  and  precipitating  the  filtrate  completely  with  silver-nitrate,  a  perfectly 
colourless  siiver^salt  is  obtained,  which,  when  decomposed  by  sulphydric  acid,  yields 
oxyparatartaric  acid  as  a  colourless  crystalline  mass. 

Oxyparatartaric  acid  has  a  pure  add  taste,  and  dissolves  in  water,  alcohol  and  ether. 
It  melts  at  about  186^,  and  decomposes  at  a  higher  temperature.  The  free  acid  yields 
a  copious  white  precipitate  with  acetate  of  lead,  but  is  not  precipitated  by  lime-water. 
When  neutralised  by  an  alkali,  it  gives  a  white  precipitate  with  mercuric  chloride,  pale 
brown  with  ferric  chloride,  bluish- white  with  cupric  salts,  and  a  cloud  with  chloride 
of  barium. 

Oxyparatartaric  acid  is  dibasic,  the  formula  of  its  silver'Salt  being  C^H'Ag'O*.  The 
tthflic  ether,  C*H"(C'H*)'0^  distils  between  295<'  and  300^,  with  partial  decomposition. 

The  reaction  by  which  this  acid  is  obtained  would,  if  applied  to  each  of  the  cyanides 
derivable  from  diatomic  and  triatomic  alcohols,  yield  for  each  diatomic  alcohol  two, 
and  for  each  triatomic  alcohol  three  acids  of  different  degrees  of  basicity,  thus : 

Diatomic  Alcohol  {glycol)^ 

Cyanide^  Acid. 

GlycoUc  Chlorhydrin  C«H*0C1         C*H»0Cy        C'H-0»  lactic  (monobasic). 

Bichloride  of  Ethylene        C«H*a»  C*H*Cy»         C*HH)<  succinic  (dibasic). 

Triatomic  Alcohol  {^glycerin). 
Cranlde.  Acid. 

Chlorhydrin  .        C»H'0«C1        C»H"0«Cy        C^H'O*  (monobasic). 

Dichlorhydrin        .        C»H»0C1*        C»H«OQy«        C*H»0*  oxyparatartaric  (dibasic). 
Trichlorhydrin       .        C*H*C1»  C»H*Cy'  C«H»0»  (tribasic). 

OXTVBBWIC  ACIB.  C*H*0'.  PyrocatecJtin.  Pyromorintannic acid.  (Keinsch, 
Sepert,  Ixviii  64. — Wackenroder,  Ann.  Oh.  Pharm.  xxxvii.  827. — ^Zwenger,  ilnd. 
xxxviL  327. — R.  Wagner,  J.  pr.  Chem.  liL  450;  Iv.  66. — Eissfeldt,  t'^tV^.  xdi.  101. 
— Buchner,  ibid,  xcvi  186.) — A  substance  metameric  with  hydroquinone  (iii.  213), 
produced  by  the  diy  distiUation  of  oatechin,  morintannic  acid,  and  probably  also  of 
pencedanin  and  of  kino;  also  of  wood,  whence  it  is  found  in  w(x>d-vinegar.  It 
does  not  occur  in  coal-tar.  According  to  Eissfeldt  and  Uloth  (Ann.  Ch.  Pharm. 
ezL  216),  all  those  kinds  of  tannin  which  turn  ferric  salts  green, — e.  g.  the  tannin  of 
Krameria  triandra,  TormentiUa  ereeta.  Polygonum  Bistorta^  Faocinium  Myrtilltu,  Pyrola 
umbellata,  Cailuna  indgans.  Ledum  paluatre,  &c.,  yield  oxyphenic  acid  by  dry  distilla- 
tion, whereas  those  kinds  which  turn  ferric  salts  blue  (e,  ,g  that  of  Arbutus  Uva  Ursi, 
and  of  Rhododendron  ferrugineum)  do  not  yield  it.  It  is  also  produced,  together  with 
carbonic  anhydride,  by  heating  oxysalicylic  acid  to  210O— 212^ :  C'H*0«  «  CO' 
•f  C*H*0',  a  certain  quantity  of  the  metameric  body  hydroquinone  being  always 
formed  at  the  same  time.  lodophenylic  add  treated  with  potash*ley  also  yields  oxy- 
phenic acid.    (Lautemann,  Ann.  Ch.  Pharm.  cxx.  299.) 

Preparation, — I.  Catechin  or  catechu  is  introduced  into  a  capacious  retort  and 
quickly  heated  above  its  melting  point  till  it  chars ;  the  distillate  which  collects 
in  the  cooled  receiver  is  evapontM  at  .30^  till  crystals  form  on  the  surface,  the  empy- 
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renmatae  oils  which  become  resiidfled  during  the  ersporstion  being  separated  by  filtra- 
tion;   the  black-brown   crystalline  mass  which  forms  on  cooling  is  sublimed  (after 
pressore  between  paper,  according  to  Wagner),  a  laige  quantity  of  liquid  then  passing 
orer  at  firsty  whidi  also  yields  oxyphenic  acid  by  evaporation ;  and  the  sublimation  of 
the  dystids  is  repeated  three  or  four  times,  till  they  no  longer  become  coloured  on 
exposure  to  the  air  (Zwenger). — 2.  Crude  morintannic  acid  mixed  with  an  equal 
quantity  of  sand  is  heated  in  a  retort  over  a  moderate  fire;  and  the  distillate,  which 
solidifies  on  cooling,  is  freed  from  oil  containing  phenol  by  pressure  between  paper, 
and  purified  by  sublimation  and  recrystallisation  from  water  (Wagner). — 3.  Mal- 
abar kino  or  butea-kino  yields  by  dry  distillation  a  clear  watory  liquid  smelling  of 
creosote,  and  leaving,  after  separation  from  empyreumatic  oil,  and  evaporation,  abUck 
crystalline  mass,  which  when  sublimed,  yields  oxyphenic  acid  in  thin  ocnourless  laminae^ 
and  sometimes  in  rhombic  prisms.     From  malabar  kina  (but  not  from  butea-kino), 
a  small  quantity  of  oxyphenic  acid  may  also  be  obtained  by  extraction  with  ether 
and  evaporation,  ~^r  by  precipitating  the  aqueous  extract  with  acetace  of  lead,  decom- 
posing the  lead  precipitate  with  sulphuretted  hydrogen,  evaporating,  and  di^sting  the 
residue  in  ether  (Eissfeldt). — 4.    Crude  wood-vinegar  evaporated  to  a  syrup  is 
shaken  up  with  a  saturated  solution  of  common  salt ;  the  liquid  separated  from  the 
tarry  matter  is  Sjgitated  with  ether ;  the  ethereal  liquid  separated  from  the  saline  solution 
and  the  ether  distilled  off;  and  the  residue  (containing  oxyphenic  acid,  acetic  acid  and 
tar-oU)  distilled  in  a  stream  of  carbonic  anhydride,  whereupon  acetic  acid  passes  over  firsts 
then  oxyphenic  acid  and  tar-oil,  then  a  brown  viscid  oil.    The  middle  portion  of  the 
distillate,  which  must  be  collected  apart,  solidifies  on  cooling  in  a  reddish-yeUow  crys- 
talline pulp,  which,  when  pressed  between  bibulous  paper  and  sublimed  in  a  stream  of 
carbonic  anhydride,  yields  colourless  oxyphenic  acid.     Or  better :  The  wood- vinegar  is 
shaken  up  with  ether  without  previous  evaporation ;  the  residue  obtained  from  the 
ethereal  liquid  by  distilling  off  the  ether  is  shaken  up  with  a  satmmted  solution  of  com- 
mon salt;  the  saline  solution,  after  separation  from  the  oil,  again  shaken  up  with  ether; 
the  ether  distilled  off;  and  the  residue  also  subjected  to  distillation :  a  liquid  is  then  ob- 
tained, which,  on  cooling,  yields  tolerably  pure  crystals  of  oxyphenic  acid.   (B  uch  n  er.) 

Propertiea. — Oxyphenic  add  forms  broa^l,  white,  strongly  snining  laminae  resembling 
benzoic  acid,  and  rhombic  prisms  (Zwenger).  Small  shining  rectangular  prisms 
belonging  to  the  trimetric  system ;  bevelled  with  two  faces  resting  on  the  acute  lateral 
edges  at  an  angle  of  116°  (Wagner  and  Neumann).  It  melts  at  116°,  and 
sublimes  even  at  a  lower  temperature  (Zwenger);  melts,  after  drying,  between 
110°  and  115°  and  volatilises  gradually  at  130°  (between  60°  and  60°  according  to 
Wagner);  melts  at  111°  or  112°;  when  perfectly  dry,  and  volatilises  even  at  ordinary 
temperatures  (Eissfeldt);  melts  at  111°,  and  volatilises  at  the  melting  point, 
subliming  in  shining  laminae  (Buchner).  Boils  between  240°  and  246°  (between 
240°  and  250°,  accordiug  to  Wagner),  and  yields  colourless  vapours  which  condense 
into  a  quickly  crystallising  oil  (Wagner).  The  vapours  have  a  pungent  odour  and 
excite  coughing.  It  has  a  bitter  taste  and  scarcely  reddens  litmus.  Mixed  with  hydro- 
chloric acid,  it  colours  fir-wood  violet,  the  colouring  being  stronger  as  the  oxyphenic 
acid  is  more  free  from  phenol.    (Wagner.) 

Oxyphenic  acid  dissolves  readily  in  water  ;  also  moil  of  vitriol  and  hydrochloric  acid, 
very  readily  in  alcohol,  and  very  readily  according  to  Zwenger,  but  with  difficulty 
according  to  Buchner,  in  ether. 

It  quickly  absorbs  ammoniacal  gaz^  and  gives  it  off  again  in  vacuo  or  at  100°. 
(Zwenger.) 

Its  aqueous  solution  forms,  with  neutral  acetate  of  lead,  a  thick  white  precipitate, 
C*H*Pb"0*,  which  is  permanent  in  the  air,  nearly  insoluble  in  water,  but  dissolves 
very  readily  in  acetic  acid.  When  dried  in  the  cold,  it  appears  greenish-white,  but 
brownish  when  dried  at  100°. 

The  aqueous  solution  of  pyrocatechin  does  not  coXoth  ferroita  salts;  it  colours /errtff 
salts  dark  green  and  then  forms  a  black  precipitate ;  the  dark  green  colour  is  changed 
by  alkalis,  even  in  very  dilute  solutions,  to  a  beautiful  violet-red  like  that  of  perman- 
ganate of  potassium,  and  the  green  colour  is  restored  by  acids. 

It  does  not  precipitate  ffelaiin,  or  the  salts  of  quinine. 

Decompositions. — 1.  Oxyphenic  acid  turns  yellow  when  heated,  and  becomes  somewhat 
richer  in  carbon.  It  also  leaves  a  slight  black  residue  when  sublimed.  This  residue 
boiled  with  water,  leaves  an  empyreumatic  resin,  and  yields  a  brown  decoction ;  on 
evaporating  this  liquid,  a  black  film  forms  on  the  surface  and  a  brown-black  residue  is 
left. — 2.  It  bums  with  a  bright  fiame. — 3.  Its  aqueous  solution  turns  reddish  in  con- 
tact with  the  air,  and  may  be  evaporated  without  decomposition. — 4.  It  is  rapidly 
decomposed  by  chlorate  of^tassium  and  hydrochloric  acid,  yielding  perchloroquinone. 
— 6.  Iiitric  acid  acts  upon  it  with  violence,  evolving  red  vapours.  The  products  of  this 
reaction  are  oxalic  acid  and  traces  of  a  yellow  nitio-acid,  probably  azyphenic  add. — 6. 
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With  aqneons  ehhride  of  lime  or  acid  ehromaU  of  potassium^  it  forms  a  black  liquid 
and  a  black  precipitate. — 7.  With  aqueous  caustic  alkalis  or  alkaline  carbonates  it 
forms  a  mixture  which  is  yellow  at  first,  then  becomes  greenish-yellow,  and  lastly 
black.  The  aqueous  solution  of  ozyphenic  acid  produces  a  greenish  precipitate  with 
silver  solution^  the  silver  being  partly  reduced,  and  a  dark  brown  precipitate  with  sol- 
ution offfold.  To  platinic  chloride  it  gradually  imparts  a  green  colour  and  then  forms 
a  greenish-brown  precipitate.  According  to  Wagner,  it  easily  reduces  silver  nitrate, 
aurie  chloride  and  platinic  chloride;  and  at  a  boiling  heat,  cupric  sulphate  or  acetate 
mixed  with  potaJsh;  it  also  imparts  a  brown  colour  to  cupric  acetate,  and  then 
forms  a  black-brown  precipitate.     It  is  not  altered  by  sulphurous  acid.     (Wagner.) 

Aeetoxyphenic  acid,  C*H*(C'H'0)*0',  is  produced  by  the  action  of  chloride  of 
acetyl  on  oxyphenic  acid.  It  is  easily  Visible,  insoluble  in  water,  but  soluble  in 
alcohol,  whence  it  crystallises  in  needles.  It  does  not  even  colour  iron-salts.  (N  a  c  h  b  a  n  r, 
Ann.  Ch.  Pharm.  cvii.  243.) 

Benzoxyphenic  acid,  C'HXC^H*0)'0',  is  obtained  in  like  manner  as  a  riscid 
mass  which  solidifies  in  thn  crystalline  state  after  a  few  days.  It  is  insoluble  in  water, 
easily  soluble  in  alkalis  and  in  alcohol,  and  ciystallises  from  the  latter  in  funnel-shaped 
masses  of  rhombic  crystals.     Th e  sol ution  colours  iron •  salts  green.    (Nachbaur.) 

OXTFBXirrXi-8V&»BinUC  ACn>.  C'H'SO^— This  acid  is  formed,  with 
erolution  of  nitrogen,  when  the  aqueous  solution  of  diazophenyl-sulphuric  acid, 
C»H*N*SO»,  is  heated  above  60*'.  Its  silver-salt,  C«H»AgSO*,  crystallises  in  small 
needles.    (R  Schmitt,  Ann.  Ch.  Pharm.  cxii.  118.) 

OJLHWUUVMDAWOKm    See  Pbucedanin. 


A  nitro-acid  produced  by  the  action  of  nitric  add 
on  euxanthone  (ii.  610). 

OXT»ZC»IO  AOID.  C«H»N*0»  «  (ym^Q^^^O^—Styphnic  acid  (from 
erv^v6s,  astringent).  Artificial  hitter  or  artificial  tanin  of  Logwood-extract. — This 
acid,  which  diners  from  picric  or  trinitrophenic  acid  bv  1  at  oxygen,  is  produced  by 
the  prolonged  action  of  nitric  acid  at  the  boiling  neat  on  extract  of  logwood, 
euxanthone,  gum-ammonium,  asafoetida,  galbanum,  sag^apenum,  or  the  aqueous  extract 
of  fustic  or  sandal-wood.  It  was  first  obtained  in  an  impure  state  by  Chevreul  in 
1868  (Ann.  Ch.  Ixvi.  116;  Ixxiii.  48),  afterwards  in  the  pure  state  and  more  exactly 
investigated  by  Erdmann  in  1846  (J.  pr.  Chem.  xxxvii.  409;  xxxviii.  366),  and  a 
few  weeks  later  by  Bottger  and  Will  (Ann.  Ch.  Pharm.  Iviii.  273). 

Preparation. — 1.  E^m  Asafoetida,  1  pt  of  asafcstida  in  lumps  of  the  size  of  a 
walnut  is  heated  to  a  temperature  between  70°  and  76°  in  a  wide  porcelain  basin,  with 
4  to  6  pts.  nitric  acid  of  specific  gravity  1*2,  free  from  sulphuric  and  hydrochloric 
acid ;  and,  after  the  resin  has  become  soft  and  divided,  and  a  thick  froth  has  risen, — 
which  must  be  prevented  from  running  over  by  stirring — the  mass,  which  is  then 
lemon-coloured  and  viscid,  is  kept,  toother  with  the  surrounding  nitric  acid  liquid,  at 
the  boiling  heat,  with  frequent  addition  of  fresh  acid,  till  (in  6  or  6  hours)  it  is  com- 
pletely dissolved ;  after  which  the  dark  red-brown  solution  is  evaporated  nearly  to  a  syrup 
and  mixed  with  a  small  quantity  of  water.  If  it  then  gives  a  ^asy  resinous  precipitate, 
it  must  be  boiled  for  a  longer  time  with  nitric  acid ;  but  if  it  gives  a  yellowish  sandy 
precipitate,  it  must  be  carefully  evaporated  to  a  thick  synip  to  drive  off  the  greater 
part  of  the  nitric  acid ;  then  heated  to  the  boiling  point  with  a  tolerable  large  quantity 
of  water ;  mixed  with  carbonate  of  potassium  as  long  as  effervescence  ensues,  but  no 
longer  (so  as  not  to  redissolve  any  undecomposed  portion  of  the  resin  which  rises  to 
the  surfiice  when  the  liquid  is  neutralised) ;  strained  through  grey  paper ;  evaporated ; 
and  left  to  crystallise.  The  mother^liquor  repeatedly  evaporated  and  cooled  yields  an 
additional  quantity  of  crystals  of  impuro  oxypicrate  of  potassium,  till  at  last  nitrate  of 
potassium  (but  no  oxalate)  separates  out.  The  needle-shaped  crystals,  united  in  red- 
orown  crusts  and  nodules,  are  freed  from  the  mother^liquor  by  draining  on  bibulous 

Saper,  twice  reciystallised  from  water,  with  addition  of  animal  charcoal,  and 
issolved  in  the  snudlest  possible  quantity  of  boiling  water ;  nitric  add  is  then  added; 
and  the  oxypicric  acid,  which  separates  after  complete  cooling  as  a  yellowish-white 
powder,  or  in  fern-like  laminse,  is  collected  on  a  filter,  washed  several  times  with 
cold  water,  and  after  thorough  dryinjg,  recrystallised  from  boiline  absolute  alcohoL 
This  process  yields  3  per  cent  of  oxypicric  add.    (Bottger  and  7  ill-) 

2.  FVom  commereiai  extract  of  Logwood, — The  mode  of  proparation  is  similar  to  the 
preceding. 

8.  From  Euxanthone  or  Euxanthie  acid. — ^These  substances  are  boiled  for  some  time 
witii  nitric  add  of  spedfic  gravity  1'31 ;  the  solution  evaporated  over  the  water-bath, 
below  100°  towards  the  end ;  the  sparinsly  soluble  oxypicric  addseparated  from  the  oxaUe 
add  by  repeated  crystallisation,  and  £Molved  in  dilate  carbonate  of  ammonium ;  this 
solution  saturated  while  warm  with  carbonate  of  ammoninm,  whereby  the  oxypicrata 
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of '  ammonium,  which  ia  insolable  in  aqaeous  carbonate  of  ammonia,  is  made  to 
cryBtalliBe  in  yellow  four-sided  prisms  ;  these  crystals,  if  too  dark-coloured,  are  purified 
by  animal  charcoal ;  and  the  ozypicric  acid  is  separated  from  them  by  hydrochlorie 
acid« 

4.  From  Peucedanin. — The  ozypicric  acid  obtained  by  treating  peucedanin  with  warm 
nitric  acid,  is  mixed  with  potash  to  free  it  from  the  oxalic  acid  which  is  abundantly 
mixed  with  it ;  the  oxypicrate  of  potassium  which  crystallises  out  is  washed  with  cold 
water ;  its  solution  in  hot  water  is  precipitated  by  a  lead-salt ;  and  the  add  separated 
from  the  precipitate.    (Rothe,  J.  pr.  Chenu  xlvi.  376.) 

Properties. — Oxypicric  acid  ciystalliBes  in  pale  yellow,  regular,  six-sided  prisms 
resembling  pyromorphite ;  they  grate  between  the  teeth,  melt  when  eareftiUy  heated, 
and  solidify  in  the  radiated  form  on  cooling.  It  has  a  slightly  rough  taste,  neither 
bitter  nor  sour,  but  reddens  litmus  strongly,  and  when  dissolyed  in  alcohol, 
colours  the  skin  permanently  yellow.  It  dissolves,  with  yellow  colour,  in  104  pts.  of 
water  at  25^  (Erdmann);  in  88  pts.  at  62«  (Bottger  and  Will)u  It  is  easily 
soluble  in  alcohol  and  in  ether  ;  more  easily  in  strong  acetic  acid  than  in  water.  It 
dissolves  abundantly  in  strong  nitric  acid;  less  freely  in  strong  hydrochloric  acid^  and 
is  partially  precipitated  from  both  acids  by  water  in  the  form  of  powder.  It  gives  a 
copious  precipitate  with  gelcUin, 

Decompositions. — 1.  Oxypicric  acid  heated  somewhat  above  its  melting  point  gives  off 
inflammable  vapours.  When  suddenly  heated,  it  deflagrates  like  gunpowder,  with  a 
bright  yellow  flame,  mostly  bordered  with  orange-yellow,  and  leaves  a  residue  of 
charcoal  When  gradually  heated,  it  gives  off  nitrous  gas,  nitrogen,  carbonic 
anhydride,  inflammable  gas  and  water,  and  leaves  veir  finely-divided  charcoal ;  on 
red-hot  iron  it  deflagrate  with  flame. — 2.  It  is  completely  destroyed  by  boiling  nitro- 
hydrochloric  acid^  with  formation  of  oxalic  acid,  whereas  boiling  concentrated  nitric  or 
hydrochloric  acid  alone  has  no  action  upon  it. — 3.  It  is  decomposed  by  boiling  oU  of 
vitriol.  It  is  not  decomposed  by  boiling  with  excess  of  concentrated  potash ;  and 
when  digested  with  lime  and  ferrous  sulphate,  does  not  form  a  red  liquid,  as  picric  acid 
does,  but  a  colourless  liquid. — 4.  It  is  not  altered  by  sulphydric  acid,  but  the  light 
yellow  mixture  of  the  acid  dissolved  in  alcohol  with  sulphide  of  ammonium^  im- 
mediately acquires  a  dark  brown-red  colour  when  heated,  and  leaves  on  evaporation  a 
black  mass,  containing,  besides  sulphur  and  a  small  quantity  of  black  powder,  an 
ammonium-salt  which  may  be  dis.<iolved  out  by  water  and  whose  acid  resembles  picric 
acid  and  oxypicric  acid. — -6.  The  hot  aqueous  acid  dissolves  ferrous  sulphide  with  less 
evolution  of  sulphydric  acid  than  might  be  expected.  With  einc  or  irony  it  likewise 
gives  off  a  less  than  proportionate  quantity  of  hydrogen,  forming  greenish-brown  solu- 
tions. It  does  not  act  on  cadmium,  lead,  copper  or  silver.  Its  powder  strewn  on 
potassium  (not  on  sodium)  takes  flre  whejn  slightly  pressed  with  a  pestle. 

OxTPiCRATSs. — Oxypicric  acid  easily  decomposes  carbonates.  It  is  dibasic,  forming 
neutral  and  acid  salts.  Nearly  all  oxypicrates  detonate,  when  subjected  to  a  gradually 
increasing  heat  (not  by  percussion),  even  more  violently  than  the  picrates.  From  the 
aqueous  solutions  of  the  heavy  metallic  salts  of  this  acid,  uiimal  charcoal  removes  the 
whole  of  the  oxide,  especially  from  the  styphnates  of  manganese,  lead,  nickel  and  copper 
salts.     (Bottger  and  Will,  Bothe.) 

Ammonium-salts,  a.  Neutral.  C«H(NH*)'(NO")*0'. — The  aqueous  acid  neu- 
tralised with  ammonia  and  then  saturated,  while  warm,  with  solid  carbonate  of 
ammonium,  which  diminishes  the  solubility  of  oxypicrate  of  ammonium  in  water,  yields 
large  orange-yellow  needles  which  detonate  slightly  when  heated  and  dissolve  in 
wat«r  more  readily  than  the  acid  salt  (Bottger  and  Will).  The  crystals  are  mono* 
clinic,  exhibiting  the  combination  ooP.  [ooPoo]  .  ooPoo  .  [Poo],  —P.  +P.— Poo. 
Ratio  of  principal  axis,  clinodiagonal  and  orthodiagonal » 1 : 1-6609 :  2'090.  Angle'  of 
inclined  axes  i-  76^  52'.  Angle  ooP  :  ooP  in  the  clinodiagonal  principal  section  »  104P 
32';  [Poo  ]  :  [Poo  ]  =  130°  2'.     Cleavage  imperfect  paraUel  to  [  ooPoo  ].     (Schabus.) 

/B.  Acid.  C«H*(NH«)(NO«)K)*.— Obtained  by  neutralising  one-half  of  the  add  with 
carbonate  of  ammonium,  adding  the  other  hal^  then  evaporating  and  cooling.  A  com- 
paratively dilute  solution  yields  large,  light-yellow,  flat  needles,  and  a  solution  more  con- 
centrated by  evaporation  yields  capillary  interlaced  needles,  which  detonate  very  slightly. 

The  barium-salt,  C^Ba''(N0»)K)«2H«0,  is  very  soluble,  and  crystaHises  in 
orange-coloured  very  shortened  needles,  which  give  off  half  their  water  at  100^. 

The  cadmium^saltiB  deliquescent 

The  cfl/(?tww-*aZ^,2C«HGa"(NO«)«0«.7H«0?  is  also  very  soluble,  and  crystallises 
in  nodules  which  give  off  10*22  per  cent.  (2  at.)  water  at  100®. 

The  cobalt- salt  forms  light-brown  very  soluble  needles.  The  ammonio-cobaltous 
salt  forms  brown-yellow  needles :  the  potassio-cobaltous  salt,  hard  brown  nodules. 

The  cupric  salt,  C«HCu"(N0»)«6».H*0,  is  obtained  in  light  yellow  needles  by 
leaving  a  solution  of  cupric  carbonate  in  oxypicric  acid  to  evaporate.    The  ammoniO' 
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cuprie  salt  is  obtained  in  brown,  moderately  soluble  tridinic  crystals,  by  dissolving 
enpric  carbonate  in  a  saturated  solution  of  ozypicrate  of  ammoniam.  The  potcusio- 
eupric  aaU,  C»«H»K«Cu"(N0»)«0*.4H«0  ?  prenared  in  like  manner,  forms  tufts  of  brown 
needles  which  detonate  with  great  yiolence  wnen  heated. 

Iron-salts. — The  filtrate  obtained  by  precipitating  the  barium-salt  with  ferrous 
sulphate^  slowly  yields  black-green  crystids  which  dissolve  readily  and  pass  to  a  higher 
state  of  oxidation.  The  ammonium-salt  mixed  with  iron  alum  forms  yellow  needles  of 
ferric  oxypicrate. 

Lead-salt. — ^The  n«u^ra/ «a/^  has  not  been  obtained.  A  solution  of  neutral  lead 
acetate  mixed  with  oxypicric  add  forms  a  light  yellow  flocculent  precipitate  consisting  of 
a  basic  salt,  C"HTb"(NO«)H)\2Pb"0.3H«0.  It  is  insoluble  in  water,  and  when  diy 
detonates  by  mere  pressure. 

The  magnesium-salt  \B  Yerj  soluble  and  difficult  to  crystallise. 

The  manganese-salt  ia  obtained  by  precipitating  the  barium-salt  with  manganons 
solphate,  and  evaporating  in  light  yellow  rhombic  tablets,  which  when  heated  melt  in 
theur  water  of  ciystallisation  and  turn  red.  It  gives  off  22*98  per  cent,  water  (10  at.) 
at  100°. 

The  nickel-salt  crystallises  with  difficulty  in  light  yellow,  very  soluble  needles. 
The  nickel-potassium  salt  forms  brown  crystalline  crusts. 

Potassium -salts.— The  neutral  salt,  C«HK*(NO*yO*,  forms  thin,  truncated 
orange-yellow  needles,  sparingly  soluble  in  water.  Potash  added  in  excess  to  the 
aqueous  acid  throws  down  this  salt  in  the  form  of  a  ciystalline  powder.  The  acid-salt, 
C^'K(NO')*0*.H'0,  obtained  by  saturating  half  of  a  given  quantity  of  oxypicric  acid 
with  carbonate  of  potassium,  and  then  adding  the  other  half^  crystallises  in  Hght  yellow 
capillary  needles,  which  give  off  their  water  of  crystallisation  at  100°. 

Silver-salt,  C*HAg*(NO')*0*.  The  solution  of  carbonate  of  silver  in  the  aqueous 
add  at  60°,  or  the  mixture  of  the  potassium-salt  with  a  moderately  strong  solution  of 
nitrate  of  silver  prepared  at  60°,  yields,  when  somewhat  quickly  cooled,  light  yellow, 
flat  needles,  three  inches  long,  or  by  slow  cooling,  laminse  which  dissolve  sparingly  in 
water,  and  firom  whose  solution  the  silver  is  reduced  on  boiling,  with  decomposition  of 
the  acid. 

Sodium-salts.— Theneutralsalt,  2C«HNa*(N0«)«0«  6H«0  (?),  cnrstallises in  small 
light  yellow  needles,  very  soluble  in  water,  and  giving  off  the  whole  of  their  crystallisa- 
tion-water at  100^.     The  acid-salt  has  not  been  obtained  in  the  crystalline  state. 

The  strontium-salt,  C«HSr"(N0«)»0«.2H«0,  is  much  more  soluble  than  the 
barium-salt,  but  ciystallises  very  easily  from  a  moderately  concentrated  solution  in 
very  large  nodules  composed  of  long  light  yellow  needles,  which  give  off  7*02  per  cent, 
water  at  100*>. 


C'*H"0».— An  add  said  by  Kawalier  (Wien. 
Acad.  Ber.  xi.  364)  to  occur  about  Christmas  in  the  needles  of  the  Scotch  fir  {Pinus 
sglvestris).  To  extract  it,  tbe  comminuted  needles  are  exhausted  with  boiling  alcohol 
of  40  per  cent;  the  alcohol  is  distilled  off;  and  the  residue  is  mixed  wiUi  water, 
which  throws  down  a  green  mass  of  resin,  while  the  supernatant  liquid  retains  in 
solution  pinipicrin  sugar,  oxypinitannic  acid,  pinitannic  acid  and  traces  of  dtric  add. 
This  liquid  may  be  rendered  filtrable  by  addition  of  a  few  drops  of  neutral  lead-acetate; 
and  on  mixing  the  filtrate  with  an  excess  of  that  reagent,  oxypinitannate  of  lead  is 
precipitated.  This  predpitate  is  then  to  be  digested  with  dilute  acetic  acid ;  the  filtrate 
predpitated  by  basic  lead-acetate,  which  throws  down  pure  oxypinitannate  of  lead ;  the 
washed  precipitate  decomposed  by  solphydiic  acid ;  and  the  filtrate  evaporated  over  the 
water-bath. 

Oxypinitannic  add  is  a  brownish  inodorous  powder  having  a  very  astringent  taste, 
easily  soluble  in  toater.  The  solution  is  coloured  yellow  by  amnumia;  forms  with 
baryta-water  a  yellow  liquid  which  depodts  red  flocks  when  heated ;  is  coloured  green 
hy  ferric  chloride;  and  forms  a  greenish-brown  predpitate  with  cuprie  sulphate  and  a 
small  quantity  of  ammonia.  It  is  not  precipitated  by  tartar-emetic  or  nitrate  of  silver. 
When  supersaturated  with  ammonia,  it  quickly  absorbs  oxygen  from  the  air  and 
acquires  a  brown  colour.  By  boiling  with  hydrochloric  acid,  it  acquires  the  colour  of 
carmine.  When  boiled  with  dilute  sulphuric  acid  it  deposits  a  red  powder,  but  does 
not  yield  sugar.  The  ammonium-salt  mixed  with  silver-nitrate^  becomes  turbid  and 
deposits  metflJlic  silver  when  heated. 

See  FBOTBnr. 


OZTVnO&ZC  ACn>.  C'H^'O*?  (Arppe,  Ann.  Ch.  Pharm.  xcv.  242.)— An 
add  said  to  be  produced  simultaneously  with  succinic  acid  by  the  action  of  nitric  add 
on  sebacic  acid.  It  crystallises  {sometimes  in  colourless  laminse,  sometimes  in  spherical 
massefi ;  dissolves  in  42  pts.  of  water  at  20°,  much  more  easily  in  boiling  water,  melts 
at  130°,  and  decompcaes  at  higher  temperatures.    It  gave  by  analysis  47*7  to  48*1  per 
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oent  carbon,  and  6*6  to  6*9  hydrogen,  the  above  foimnla  requiring  47*7  earbon  and  6*8 
hydrogen.  The  silver-salt  gave  67*0  percent,  silver,  the  formula  C^W*A^O*  requiring 
66*4  per  cent.  According  to  WirE  (Ann.  Ch.  Fharm.  civ.  267),  this  acid  is  identicid 
with  pimelic  acid,  C'H''0*.  Arppe  in  a  later  communication  (Ann.  Ch.  Pharm.  cxv. 
143)  states  that  the  acid  obtained  as  above  easily  passes  from  the  granular  into  the 
laminar  form,  that  the  composition  of  granular  acid  agrees  best  with  the  formula  of 
pimelic  acid,  but  the  laminar  acid  has  the  composition  C'H*K)*. 

OJLTQVZWZra.  A  compound  formed  by  boiling  sulphate  of  quinine  with  nitrite 
of  potassium.  Nitrogen  gas  is  then  evolved,  and  the  liquid  when  cold,  yields  with 
ammonia  a  white  ciystallo-gninular  precipitate,  the  alcoholic  solution  of  which  leaves 
on  evaporation  a  transparent  amorphous  residue,  quickly  becoming  crystalline  in  contact 
with  water.  The  crystalline  granules  melt  at  lOO*'  in  their  water  of  crystallisation, 
give  it  off  at  130®  and  are  converted  into  a  colourless  transparent  mass,  which  remains 
■olid  at  140^,  and  contains  (^H'^N'O*  »  quinine  +  1  at.  oxygen.  It  is  insoluble 
in  water,  soluble  in  alcohol  and  ether,  and  less  bitter  than  quinine.  (Schiitzenberger, 
Compt  rend,  zlvii.  81.) 

OXTBKOPBOmi  (from  po^dytiw,  to  absorb).  A  name  applied  byDobereiner 
to  platinum-black,  because,  according  to  his  observations,  it  absorbs  oxygen  from  the 
air  and  not  nitrogen. 

OaLTSA&ZCTUO  ACZB.  C^H'O^  (Lautemann,  Ann.  Ch.  Pharm.  cxx. 
299 ;  Jahresb.  1862,  p.  397.) — This  acid,  metameric  with  ctobohydroquinonic  (iii.  214), 
faypogallic  and  protocatechuic  acids,  is  produced  by  boiling  a  solution  of  mono- 
iodosalicylic  acid  in  caustic  potash.  When  the  reaction  is  completed  (t.  e.  when  a 
drop  of  the  liquid  mixed  with  hydrochloric  acid  no  longer  ^ves  a  precipitate  of 
iodosalicylic  acid)  the  liquid  is  to  be  slightly  supersaturated  with  hydrochloric  acid, 
and  filtered  when  cold ;  and  the  filtrate  shaken  up  with  ether,  which  takes  up  nothing 
but  oxysalicylic  acid,  and  leaves  it  on  evaporation  as  a  brown  crystalline  mass.  The 
acid  is  purified  by  treating  its  solution  wiui  acetate  of  lead  and  sulphydric  acid. 

Oxysalicylic  acid  forms  highly  lustrous  needles  easily  soluble  in  water^  alcohol,  and 
ether.  The  aqueous  solution  mixed  with  ferric  chloride  acquires  a  deep  blue  colour, 
changing  to  a  splendid  violet  on  addition  of  acid  carbonate  of  sodium.  The  crystallised 
add  contains  no  water  of  crystallisation ;  it  melts  at  193°  and  is  resolved  between  210° 
and  212^  into  carbonic  anhydride  and  oxyphenic  acid  CHH)*,  together  with  ite  isomer 
hydroquinone. 

The  salts  of  oxysalicylic  acid  are  veiy  unstable ;  those  of  the  alkaline  earth-metals 
turn  brown  and  decompose  when  their  aqueous  solutions  are  exposed  to  the  air.  The 
acid,  in  contact  with  alkalis,  instantly  becomes  reddish,  and  soon  afterwards  brown. 

Biozysalleyllo  or  CkUlio  Aotd«  C'H*0^  is  produced  in  like  manner  by  the  action 
of  boiling  potash  on  di-iodosalicylic  acid  (ii.  760),  but  a  considerable  portion  of  the 
gallic  acid  thus  formed  is  converted  during  the  process  into  pyrogallic  acid,  the  potash 
acting  upon  it  under  these  circumstances  in  the  same  manner  as  a  high  temperature. 
Di-iodosalicylic  acid  heated  for  six  hours  to  150^  in  a  sealed  tube  with  excess  of  potas- 
sium carbonate,  yields  a  mixture  of  salicylic,  oxysalicylic,  and  dioxysalicylic  acids. 

OXT8A&T8.  Salts  of  oxygen-acids,  or  oxides  in  which  the  hydrogen  of  the  type 
nHH)  is  replaced,  partly  by  acid,  partly  by  basylous  radicles.     (See  Sixts.) 

OZTBT&TCBiramS.  (Schiitzenberger,  Compt.  rend,  xlvii.  79.) — Com- 
pounds produced  by  the  oxidation  of  strychnine.  When  sulphate  of  strychnine  is 
boiled  with  nitrite  of  potassium  in  aqueous  solution,  nitrogen  is  abundantly  evolved, 
and  the  liquid,  on  addition  of  ammonia,  yields  a  light  yellow  fiocculent  substance  which 
crystaUises  from  alcohol  in  transparent  orange-yellow  crystals,  apparently  having  the 
form  of  rhombic  prisms  with  truncated  edges,  and  consisting  ofoxystrychnine, 
C*»H"N«0«  =  C«'H«N*0«  (strychnine)  +  3HK)  +  0.  The  mother-Uquor  on 
further  concentration  deposite  darker  coloured  orange-red  prisms  of  dioxystrych- 
nine,  C*'H"N«0'  «  C"H»N»0«  +  3H«0  +  01  Both  compounds  are  insoluble 
in  water  and  in  ether,  contein  no  water  of  crystallisation,  decompose  at  300°,  and  have 
a  bitter  taste,  but  not  so  strong  as  that  of  strychnine. 

OXTSinbFBXSBB.  Compounds  of  oxides  and  sulphides,  or  sulphides  in  which 
the  sulphur  is  partly  replaced  by  oxygen.  Many  metallic  oxysulphides  occur  as 
natural  minerals,  red  antimony  or  kermesome  for  example ;  many  others  are  formed 
artificially,  as  andmonial  crocue  or  saffron  (i.  328). 

OZTBlTIiVBOCASSOVZC  BTHBBS.     See  Sui.phocabbokio  Ethbbs. 

ozT8in;irBOP]LA.Tnro<nrA«z]>B  or  potasbzuhk.   See  Ctakidks  of 

PLATmriH  (ii.  267). 

OBTBVIiFBOBmjPBUBOVB  ACZB.    Syn.  with  Hyposulfhttbous  Acid  (see 

SXTLFHUB,  OXTOBX-ACXDS  OF). 
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C^H^O*  ? — ^A  Tiscid  substance   obtained  by  oxidation  of 


syhnG  acid  (q.  v,). 

OJRTBBaVHTBJL&AlIZO  AOXB.    C«H'NO*    -    (CsH'O)"  l^ .       (De    La 

Bne  and  Miiller,  Pioe.  Boy.  Soc.  xi.  112 ;  Jahresb.  1861,  p.  426.)--Produced  by  the 
action  of  reducing  agents  on  nitroterephthalic  acid.  It  crystallises  in  thin  prisms  or 
moss-like  aggregations  of  lemon-yellow  colour.  It  is  sparingly  soluble  in  cold  water, 
alcohol,  ether  and  chloroform,  and  like  its  analogues,  glycollamic  acid,  &c.,  unites 
both  with  bases  and  with  acids. 

The  oxyterephthalamates  are  ciystallisable  and  easily  soluble  in  water  and  in  alcohol, 
forming  strongly  fluorescent  solutions ;  the  compounds  of  oxyterephthalamic  acid  with 
acids  are  likewise  crystallisable,  but  are  decomposed  by  a  laige  quantity  of  water ;  the 
acid  solutions  are  not  fluorescent. 

The  ethers  of  oxyterephthalamic  acid  are  obtained  by  reduction  of  the  nitrotereph- 
thalic ethers.  The  methyUc  ether  is  crystalline  and  soluble  in  warm  alcohol;  tlie 
ethylic\  ether  forms  large  crystals  resembling  uranic  nitrate,  and  forming  a  strongly 
fluorescent  solution. 

By  the  action  of  nitrous  acid  on  oxyterephthalamic  acid  in  alcoholic  solution,  a  num- 
ber of  compounds  are  formed  analogous  to  those  which  Griess  obtained  from  oxyben- 
samic  add  (p.  292). 


O JL y  TBABFKTSAUO  AOZD,  C^H'^O*,  is  produced,  with  copious  eTolution  of 
nitrogen,  by  the  action  of  nitrous  acid  on  oxyterephthalamic  acid.  The  salts  are 
ciTStallisable,  and  less  soluble  than  the  correspondinff  terephthalates.  The  neutral 
ethers  are  liquid ;  so  also  is  the  chloride  of  oxyferephthalyl,  which  is  easily  soluble  in 
water  and  in  alcohol.    (D  e  L  a  B  u  e  and  M ii  1 1  e  r.) 


AOZB.  C*H«0«.  (Fit tig,  Ann.  Oh.  Pharm.  cxx.  966.)— An  acid, 
isomeric  with  salicylic  and  oxybenzoic  acids,  and  perhaps  also  with  ampelic  acid  (i.  201). 
It  is  produced  by  the  oxidation  of  toluene  (hydride  of  benzyl,  i.  673).  When  toluene 
(boiling  between  108^  and  113°)  is  boiled  for  four  or  five  days  with  a  mixture  of  1  pt. 
commercial  nitric  acid  and  2  pts.  water,  a  crystalline  mixture  of  acids  is  obtained  which 
are  somewhat  difficult  to  separate.  On  repeatedly  treating  the  crystalline  mass  which 
remains  after  the  distillation  of  the  unaltered  toluene  and  the  nitrotoluene  with  a 
small  quantity  of  hot  water,  so  that  about  a  fourth  part  shall  remain  undissolved,  and 
leaving  the  solution  to  cool,  oxytolic  acid  crystallises  out,  and  may  be  purified  by  dis- 
tillation, conversion  into  a  calcium-salt,  and  repeated  crystallisation  of  the  latter,  till 
the  acid  separated  from  it  melts  constantly  at  180°. 

The  mother-liquor  of  the  oxytolate  of  calcium  yielded  a  calcium-salt^  the  acid  of  which 
appeared  to  be  impure  benzoic  acid.  The  less  soluble  ^rtion  of  the  product  of  the 
oxidation  above  described  contained  an  acid  which  exhibited  nearly  the  composition 
O^H'O*;  but  it  did  not  melt  at  a  constant  temperature,  and  still  contained  nitrof^n ; 
whence  Fit  tig  concludes  that  it  consisted  of  oxytolic  acid  contaminated  with  a  nitro- 
compound. 

Oxytob'c  acid  is  sparingly  soluble  in  cold  water,  but  dissolves  more  freely  in  hot 
water  and  in  alcohol  It  crystallises  from  wat«r  in  colourless  needles,  melts  at  180°, 
solidifies  at  177°,  sublimes  below  its  melting  point  and  distils  undecomposed  at  higher 
temperatures.  The  vapour,  both  of  the  dry  acid  and  of  the  aqueous  solution,  excites 
coughing,  like  benzoic  acid. 

Oxytolic  add  is  monobasic  The  potassium-salt,  G^H*KO',  is  very  soluble  in  water, 
and  crystallises  from  alcohol  in  small  needles.  The  sodium-salt  is  precipitated  as  a 
jelly  from  its  aqueous  solution  by  alcohol.  The  barium-salt,  C'^H*"Ba"0',  gives  off  its 
water  of  c^stallisation  (amount  not  determined)  over  oil  of  vitriol.  The  calcium-salt^ 
C*^H**Ca''0*.3HK),  crystallises  in  needles  soluble  in  water  andin  alcohol.  The  silver-sal f, 
C^H'AgO*,  is  a  white  precipitate  which  dissolves  in  hot  water,  and  cirstallises  there- 
from in  needles.  Iron,  copper,  and  lead-salts  are  likewise  obtained  by  precipitation  with 
oxytolate  of  ammonium. 

The  reactions  of  oxytolic  acid  resemble  those  of  Laurent's  ampelic  acid  more  than 
those  of  either  of  its  other  isomers  (i.  201). 

H«      ") 

OXTTOftVAMZO    AOIB.      0"H*NO*    »    (C"H"0y'VN  or  Amidotoluic  acid, 

H       i 
C*H'(NH')0* ;  also,  but  improperly,  called  Toluamic  acid.  (Cahours,  Ann.  Ch.  Pharm. 
cvii.  147.)— Obtained  by  reduction  of  nitrotoluic  acid  with  sulphide  of  ammonium,  just 
as  its  homologue,  oxybenzamic  acid  (p.  290),  is  obtained  from  nitrobenzoic  acid.  It  unites 
with  adds,  ronning  crystallisable  compounds  resembling  those  of  oxybenzamic  acid. 

Vou  IV.  Y 
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The  hydroehlorate,  CH'NO'.HGl,  erystaUises  in  small  nacreona  needles ;  the  ehhro- 
platinaU,  (C«H*N0«)*.H«CI«.R"C1<,  in  red-broim  needles. 

Diagotoluyl'oxytoluamic  aeid,  C'«H"N»0* .  f  HH)  «  C»H«N*0«.C«H»NO«.  |H«0,  is  pie- 
pared  by  heating  ozjtoluamic  acid  with  nitrous  ether  to  30^,  just  as  the  corresponding 
benzoic  compound  is  obtained  from  ozybenzamic  acid  (p.  292).  It  forms  yellow  micro- 
-Boopic  prisms,  insoluble  in  wnter,  alcohol,  and < ether ;  acids  dissolye  and  decompose  it; 
alkalis  dissolTC  it  unaltered.  Its  reactions  are  precisely  analogous  to  those  of  diazo- 
benzo-ozybenzamic  add. 

The  pokusium-f'SocUum',  sad'ammonium'-salta  of  this  acid  form  easily  soluble  crystal- 
line masses ;  the  latter  easily  decomposes  when  its  aqueous  solution  is  boiled.  The 
bariwn-Mlt  is  a  yettowish  preeipitate,  insoluble  in  water  and  in  alcohol.  The  nlver' 
Mlt  is  a  white  gelatinous  precipitate.    (Gri-ess,  Ann.  Gh.  Pharm.  czrii  59.) 

OT8TBX8.  The  body- of  the  oyster  consists  mainly,  according  toMulder,  ofan 
fllbuminoidal  or  protein  substance,  which  coagulates  at  90^,  and  is  then  soluble  in 
strong  acetic  acid.    Oysters  contain  0'5  per  cent,  of  salts. 

Dried  oyBter-shells  contain,  according  to  Buchholz  and  Brandes,  9*8  per  cent, 
calcic  carbonate,  1*2  calcic  phosphate,  0*6  albuminous  substance,  and  0*2  alumina  (?). 
According  to  a  more  recent  inyestigation by  Schlossberger  (Ann.  Ch.  Pharm. zcviii. 
99),  oyster-shells  consist  of  three  anatomically  distinct  layers :  1.  An  inner  layer,  the 
so-called  mother-of  pearl,  smooth,  shining,  and  semi-transparent:  Carpenter^s  sub' 
nacreous  substance* — 2.  The  brown,  hard  scales,  forming  the  outer  edges  of  the  successire 
lamrnse  of  which  the  upper  shell  is  con\posed,  these  lamiiue  being  placed  one  over  the 
other,  like  tiles  on  a  roof;  Caipenter's  fmima/td  ceUtdar  substance. — 3.  A  white,  dull, 
opaque,  friable  substance,  called  by  Scmosdberger  the  chalky  iayer^  interposed  here  and 
there  between  the  laminae  of  the  shell.    These  three  layers  were  found  to  contain : 

Carbonate  of  calcium         .... 

Organic  matter 

Other  salts  (and  loss)         .... 

The  salts  contain  small  quantities  of  phosphoric  acid  and  alkalis,  with  traces  of 
silica  and  sulphuric  add. 

The  organic  substance  which  remains  on  treating  the  shells  with  dilute  sulphuric  acid 
consists  mainly  of  brown  films,  which  are  insoluble  in  hot  water,  even  under  increased 
pressure,  dissolve  gradually  with  aid  of  heat,  in  concentrated  mineral  acids,  but  only 
partially  in  potash-ley  of  50  per  cent.  The  portion  insoluble  in  potash  contains  50*7 
per  cent,  carbon,  6*5  hydrogen,  and  16*7  nitrogen,  and  is  therefore  similar  in  composition 
to  Fr^my's  conchiolin  (i.  1107),  and  is  distinguished  from  chitin  (i.  874)  by  its  large 
amount  of  nitrogen.    (SchlossbeTser.) 

Oyster  water.  The  water  within  the  shell  of  the  oyster  is  not  simply  sea- water,  but  is 
distinguished  from  it  by  containing  less  salts  and  more  organic  matter.  When  shaken  up 
with  ether,  it  deposits  an  albuminous  substance  containing  8^75  per  cent,  nitrogen.  This ' 
albuminous  matter  amounts  to  0'00056'Of  the  liquid,  which  is  composed  of  95*888  pts. 
water,  3*022  salts,  0560  azotised  matter,  0*529  non-azotised  matter  *»  100).  The 
weight  of  liquid  in  the  oyster  is  nearly  eiqpsX  to  that  of  the  flesh;  it  probably  contributes 
to  alimentation.  A  dozen  oysters  weighing  1*482  were  found  to  be  composed  of  1*209 
shell,  0*112  flesh,  and  0*102  liquid.  On  c^eulating  the  quantity  of  alimentary  matter 
equivalent  to  the  nitrogen,  it  is  found  that  a  dozen  oysters  contain  a  quantity  of 
azotised  matter  equal  to  about  one-tenth  of  the  ration  (?  daily)  of  a  man.  (Pay  en, 
BulL  Soc.  Chim.  ii.  235.) 

OKASXXTB.  An  amorphous  or  fibrous  variety  of  Thomsonite  from  the  Ozark 
mountains,  Arkansas,  where  it  occurs  with  elseolite ;  often  also  mixed  with  apatite  (see 
Thohsonitb). 

OXOCBBZTB  or  OZOXSSZTS.  A  fossil  resin  discovered  by  Meyer  in  a  sand- 
tone  in  Moldavia^  in  the  vicinit7«of  coal  and  rock-salt  It  also  occurs  at  Gkesten 
near  Gaming  in  Austria,  and  at^l|ruskawicsz  in  Galicia ;  also  at  the  Urpeth  colliery, 
Newcastle-on-Tyne.  It  is  like  a  resinous  wax  in  consistence  and  translucency,  some- 
times witli  a  foUated  structure.  Its  colour  is  brown  or  brownish-yellow  by  transmitted 
light;  leek-green  by  refiected  light.  Odour  pleasantly  aromatic  Spedfic  gravity 
-  0-94—0*97.  Melts  at  62^  (Schxotter),  at  84^'  according  to  Malaguti;  boils  at 
210°  (Schr otter),  at  300°  (MaHguti).  According  to  Johnston,  the  Urpeth  variety 
melts  at  60^  and  boils  at  121^.  It  distils  without  decomposition,  is  not  altered  by 
strong  acids,  and  very  little  by  hot  concentrated  alcohol.  The  Moldavian  variety  dis- 
solves but  slightly  in  ether,  whereas  the  Urpeth  variety  dissolves  in  ether  to  tha 

■  Cyclopaedia  of  Aniitony,  lurt.  SnziL. 
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ttnoimt  of  four-fifths,  and  separates  on  evaporation  in  brown  flocks  which  melt  at  38*9^ 
to  a  yellowish'brown  liquid.  Three  or  four  substances  are  supposed  to  be  here 
included.    The  composition  of  ozocerite  is  as  follows : 

Moldavia.  Urpeth, 

" -* "^ 

MalagiiU.  Sch  rotter.  Johnston. 

Carbon 8575  86*20  86*80 

Hydrogen 1615  13*79  1406 

100*90  99-99  100*86 

It  is  decomposed  by  dry  distillation,  yielding,  according  to  Malguti,  10*34  per  cent 
gas,  74*01  oily  matter,  12*55  cryst^ne  substance,  and  3*  10  carbonaceous  residue. 
(Gerh.  iv.  399.    Dana,  ii.  474.) 

Bertolio  (Jahresb.  1860,  p.  797)  examined  a  fossil  resin  sent  from  Bio  Janeiro  as 
ococerite,  but  of  unknown  origin.  It  was  yellow,  shining,  greasy  to  the  touch,  of  the 
hardness  of  talc,  with  a  conchoidal  fracture.  Specific  gravity  0*98.  It  melted  at  86®, 
and  boiled  at  246°,  turning  brown  and  emitting  a  fetty  odour.  It  dissolved  in  hot 
alcohol  and  separated  on  cooling  as  a  white  powder  composed  of  laminae.  G-ave  by 
analysis  69*5  to  70*2  per  cent,  carbon  and  12*2  hydrogen,  approximating  to  the  com- 
position of  monomargarin  or  monostearin. 

dxoWB.    See  Oxtobn  (p.  299). 

OSOn-KTHSOOBV.  According  to  Osann,  hydrogen  evolved  by  electrolysis 
from  water  acidulated  with  sulphuric  acid,  possesses  stronger  reducing  properties  than 
ordinary  hydrogen,  inasmuch  as  a  piece  of  coke  or  spongy  platinum  immersed  in  the 
gas  thus  obtained,  or  used  as  the  negative  pole  in  the  circuit  in  which  the  acidulated 
water  is  decomposed,  acquires  the  power  of  reducing  silver  from  a  solution  of  the  sul- 
phate, and  of  producing  a  blue  colour  in  a  solution  of  ferric  chloride  mixed  with 
ferricyanide  of  potassium :  hence  he  calls  it  ozone-hvdrogen.  According  to  later 
experiments,  however,  it  appears  that  to  obtain  this  active  hydrogen  it  is  necessary  to 
use  a  recently  prepared  mixture  of  water  and  fuming  sulphuric  acid.  (See  Jahresb. 
1853,  p.  316  ;  1854,  p.  286  ;  1855,  p.  292  ;  1856.  p.  273;  1857,  p.  81 ;  1868,  p.  64.) 

OSOVa-^VirATaX.  An  aqueous  solution  of  ozone,  which,  according  to  M  e  i  s  s  n  e  r 
(Jahresb.  1862,  p.  130),  exhibits  in  certain  cases  an  action  opposed  to  that  of  peroxide 
of  hydrogen,  preventing  the  separation  of  iodine  from  iodide  of  potassium  by  peroxide 
of  hydrogen  and  dilute  acids,  or  by  nitrate  or  iodate  of  potassium  with  adds.  When 
this  solution  is  shaken  up  with  peroxide  of  barium,  a  violent  evolution  of  oxygen  takes 
place,  and  the  filtrate  no  longer  exhibits  the  reactions  of  ozone.  Meissner  regards  ozone- 
water  as  water  combined  with  negative  oxygen  or  ozone ;  peroxide  of  hydrogen  as  water 
combined  with  positive  oxygen  or  antozone. 


P. 

The  bark  of  the  Fachnelo  tree  of   Bogota  contains  berborine. 
(Perrins.) 

VACBirO&ITB  (from  *dj(vn,  rime).  (A.  Knop,  Ann.  Ch.  Fhann.cxxviL  61. 
— G.  V.  Rath,  Fogg.  Ann.  exix.  261.) — A  fluoride  of  aluminium,  calcium  and  sodium, 
occurring  in  Greenland  cryolite  as  an  efflorescence  of  small,  shining,  colourless 
transparent  crystals  lining  the  cavities  of  the  cryolite,  or  in  larger  ciystalfl  of  rect- 
angular parallelopipedal  form  on  the  surface.  The  smaller  ciTstals  are  rhombic 
combinations  ooP  .  P  .  oP  (Knop),  also  with  the  &ce  }P  (v.  BatL).  The  inclinations 
of  the  faces  are  as  follows : 

▼.  Rath.  Knop. 

ooP:  ooP 81<=>28'          810  24' 

P :  ooP 1660    0'  154°  10' 

P  :  P  in  the  macrodiagonal  terminal  edge      .        .  92<'  23'          93<'  58j 

„    in  the  brachydiagonal  terminal  edge     .        .  106^  49'  '      108^    8' 

„    in  the  basal  edge 132«    0*  128^  20' 

{  P  :  I  P  in  the  macrodiagonatterminal  edge         .  86®  50' 

„    „    in  the  brachydiagonal  terminal  edge        .  102^23' 

„    „    in  the  basal  edge 147°  20' 

According  to  Knop*s  measurements,  the  ratio  of  the  axes  a  :  6  :  c  is  0*8601 : 1  :  1*3469. 
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The  mineral  when  slowly  heated  giyes  ofF  aqneons  Taponr  without  add  resetion ;  bnt- 
when  quickly  heated,  it  emits  white  add  vaponra  which  oondense  on  the  aides  of  the 
glass  tube  and  can  no  longer  be  volatilised;  the  lesidne  melts  easily  to  a  trandncent 
enamel.  The  sublimate  is  insoluble  in  water,  bnt  dissolves  easily  in  hydroehloric  add, 
giving  the  reactions  of  alumina.  The  mineral  dissolves  easily  in  sulphuric  add  with 
evolution  of  hydrofluoric  add. 

It  gave  by  analysis : 

Al                 Na  Ca  F  TPO 

1314         1216  17-25  5079  960     -     102'94  (Enop). 

13-20         1206  1805  undet.  9*36     (v.  Rath). 

1^  ,[P.2ArT'.2HK),  which  is 

that  of  a  hydrated  cryolite  having  |  of  the  sodium  replaced  by  caldum ;  this  formula 
requires  1229  per  cent.  Al,  1238  Na,  17*25  Ca,  6112  F,  and  807  H*0.  v.  Rath  gives 
a  formula  in  which  two-thiids  of  the  sodium  of  cryolite  is  replaced  by  calcium,  and 
half  the  fluoride  of  aluminium  by  alumina  ;  but  he  did  not  determine  the  fluorine. 

PACXVOWO  or  PACXTOWCk  Chinese  nickel-silver  (see  Coffbb,  Allots  of, 
ii.  61). 

PJBOVnr.  A  red  colouring  matter  obtained  from  phenylic  alcohol  by  the  action 
of  sulphuric  and  oxalic  acids,  l^olbe  and  Schmitt  (Ann.  Ch.  Fharm.  czix.  169),*  by 
heating  IJ  pt.  phenylic  alcohol  (coal-tar  creosote)  with  1  pt  oxalic  and  2  pts.  strong 
sulphuric  acid  to  140^ — 150°,  for  four  or  five  hours,  obtained  a  dark  brown-red  mass, 
which  after  being  freed  from  phenyl-sulphuric  add  by  boiling  with  water,  solidified  to 
a  brittle  resinous  substance.  This  substance  dissolves  with  splendid  purple-red  colour 
in  ammonia  and  potash-ley,  and  separates  on  neutralisation  in  orange-coloured  flocks, 
having  when  dry  a  splenaid  orange-red  colour,  like  that  of  predpitated  alizarin.  It 
melts  at  80°,  and  then  gives  off  phenylic  alcohol ;  loses  its  colour  when  treated  with 
sodium-amalgam  or  with  iron-fllings  and  acetic  add,  but  is  stable  in  combination  with 
alkalis.  It  gives  by  analysis  numl^rs  agret^ing  with  the  formula  C^H'O,  and  is  re- 
garded by  Kolbe  and  Schmitt  as  piobablv  related  to  rosolic  add. 

Guinon,  Marnas  and  Bonnet  (R^p.  Chim.  app.  iv. 460)  prepare  this  red  resinous 
colouring  matter  (which  they  designate  as  pionine  instaMe)  bv  heating  10  pts.  phenylic 
alcohol  with  4  to  8  pts.  oxalic  add  and  3  to  6  pts.  sulphuric  acid,  and  boiling  with  water 
as  above ;  then  heat  it  with  2|  pts.  aqueous  ammonia  to  150°  in  a  closed  metallic  vessel 
for  three  hours;  and  from  the  resulting  solution,  by  a  process  not  further  described,  they 
obtain  the  colouring  matter  in  a  form  m  which  it  withstands  the  action  of  adds  (pionine 
stable).  By  heating  5  pts.  of  this  product  with  6  to  8  pts.  of  aniline  for  several  hours, 
they  further  obtain  a  blue  colouring  matter  (azulin),  insoluble  in  water,  but  soluble  in 
alcohol  and  in  ether. 


Syn.  with  Aoalicatolitb. 

Syn.  with  Ruodoiotb. 

Syn.  with  CiBOTnjif  Cuicnron  (i.  962). 

^— i*    A  term  applied  by  Haidinger  to  the  original  minerals 

from  which  paramorphs  or  pseudomorphs  are  formed :  thus  augite  which  has  been 
altered  to  steatite,  serpentine,  &c.,  is  called  paliaeo-augite,  the  mineral  resulting  from 
the  alteration  being  the  pseudomorph. 

P  JLXULCKmXTS.  An  amorphous  mineral  which,  according  to  Bunsen  and  Sartorius 
V.  Waltershausen,  is  an  essential  oonstitnent  of  the  volcanic  formations  of  Iceland  and 
Sidly.  It  has  generally  a  brown  or  yellow  colour  and  a  vitreous  or  greasy  lustre ;  hard' 
ness  «  4  to  5 ;  spedflc  gravity  —  2-4  to  27.  It  rives  ojf  water  when  heated,  melts 
easily  before  the  blowpipe  to  a  black  magnetic  lead,  and  is  easily  decomposed  and 
gelatinised  by  hydrochloric  add.  It  is  however  always  mixed  with  a  number  of 
minerals,  chiefly  augite  and  felspar,  which  are  not  acted  upon  by  adds;  in  the 
following  analyses  these  fbreign  minerals  are  deducted.  The  analyses  of  Sidlian 
palagomte  are  by  v.  Waltershausen  {VuUcanische  Geateine,  p.  179) ;  those  of  the 
Icelandic  mineral  are  by  Bunsen  (Ann.  Ch.  Pharm.  Ixi.  265). 

a.  From  Val  di  Noto,  Palagonia.-*.  Black  palagonitetufiifh)mMiKtello.—c.  From 
Aa  Castdlo.— <J.  PromTrollkonugil  on  Hekla.-^.  FromKrisuvik.— /.  From  SudafeU : 
palMjonite  tufa.-^.  From  the  Galepagos isknds :  rock  forming  a  crater  (Bunsen).— 
A.  From  Hof  Beselich  near  Limbutg  (F.  Sandberger,  J.  pr.  Chem.  xlvii.  463).— 
t.  Black  mineral  analogous  in  composition  to  palagonite,  ftom  Honnef  in  the  Sieben- 
gebirge  (Wackernagel,  Rammelsberg's  MlneraMkemie,  p.  868). 
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a. 

b. 

c. 

d. 

e. 

/. 

9- 

h. 

t. 

Silica  . 

38-69 

41-37 

36-97 

40-74 

40-30 

41-46 

36-96 

48-96 

41-63 

Alumina 

13-61 

11-32 

7-80 

8-42 

14-46 

10-90 

11-66 

9*94 

18-72 

Ferric  oxide. 

14-61 

15-64 

21-01 

18-00 

14-60 

1812 

10-71 

10-54 

2-36 

Ferrous  oxide 

•        • 

1-80 

.         a 

•         • 

•     . 

•         ■ 

a         • 

■          • 

7-83 

Lime    . 

8-38 

903 

6-31 

8-76 

6-88 

8-66 

7-96 

4-98 

107 

Jklagnesia 

613 

714 

4-83 

4-64 

7-67 

4-80 

6-27 

304 

6-23 

Soda    . 

107 

101 

7-23 

0-62 

1-82 

0-64 

0-66 

104 

2-61t 

Potaah 

1-35 

110 

0-94 

0-43 

0-44 

0-40 

0-77 

0-82 

a         « 

Water 

16-26 

11-69 

16-91 

18-60 

13-50 

14-49*  26-24 

20-68 

20-71 

Phosphoric  anhydride 

• 

•         • 

•         • 

0-44 

100        100        100        100        100  99-36  100        100        10006 

These  analytical  results  cannot  be  included  under  any  general  formula ;  they  show 
indeed  that  palagonite  is  either  a  mixture  or  a  compound  contaminated  with  foreign 
substances.  Bunsen  has  suggested  for  the  greater  number  of  palagonites  the  formda 
3(M*O.8iO«).AlK)*.3SiO*.10H«O,  which  however  does  not  agree  exactly  with  any 
individual  analysis. 

VA&TCiOBSXXTBa  A  white  asbestiform  silicate  of  specific  gravitr  2-217  in  the 
Paligorian  mining  district  of  the  UraL  Contains,  according  to  Scaftschenkow,  62-18 
per  cent  silica,  18-32  alumina,  8-19  magnesia,  0*69  lime,  12-04  combined  water,  and 
8-46  water  given  off  at  lOO''  (->  9984). 

»^^-*»^  — ■^■■^  mroOB.  A  x^d  dye-wood  from  Madagascar,  the  colouring 
matter  of  which  is  affected  by  the  air  and  by  solvents,  in  the  same  manner  as  that  of 
aandal-wood,  but  has  less  of  an  orange  tint  and  is  lees  able  to  resist  the  action  of 
alkalis  than  the  latter,  being  changed  thereby  to  green,  oUve-green  and  brown. 
(Arnaudon,  Cimento,  viii  278.) 

See  PALLAorux-BASBS,  Amhoniacal. 

See  Pallaj>ium-ba.3bs,  Oboaxic. 

Atomie  ioeight  126.  Symbol  Pd. — ^A  metal  of  the  platinum 
group,  discovered  byWollaston  in  1803  (Pha  Trans.  1804,  p.  419).  The  oxide 
and  many  of  the  other  compounds  were  discovered  and  investigated  by  Berzelius 
(Poffg.  Ann.  xiii.  464). 

oSmrrence. — 1.  Single  grains  of  pure  palladium,  sometimes  of  octahedral  form,  are 
mixed  with  the  grains  of  platinum  from  BraziL  Native  palladium  mixed  with  gold 
and  selenide  of  lead  is  also  found  at  Tilkerode  in  the  Hartz. — 2.  Palladium  occum  in 
the  platinum  ore  of  South  America  (amounting  to  1  pt  in  200  of  the  Peruvian  ore),  from 
St  ^mingo,  and  from  the  UraL — 3.  It  occurs,  alloyed  with  sold,  in  an  auriferous 
eand  from  Zacotinga  and  Condonga  in  Brazil,  mixed  with  specular  iron  ore :  the  pal- 
ladium in  this  ore  amounts  to  6  or  6  per  cent  Also  alloyed  with  gold  and  silver  in 
the  Oro  pudre  of  Porpez  in  South  America :  this  mineral  contains  10  per  cent  of 
palladium. 

Extraction.  1.  From  ptoHnum  ore, — The  ore  is  digested  in  nitromuriatie  add ;  the 
acid  solution  decanted  from  the  insoluble  residue  is  neutralised ;  the  platinum  is  pre- 
cipitated by  sal-ammoniac ;  and  the  palladium  is  thrown  down  from  the  filtrate  by 
cyanide  of  mercury  as  a  white  flocculent  cyanide  which  yields  metallic  palladium  by 
calcination.    (See  further  OmdirCt  Handbook,  yi.  266,  267,  261,  264,  267.) 

2.  From  the  pailadtferotu  gold  of  BraziL  The  gold-dust  is  fused  with  an  equal 
weight  of  silver  and  a  certain  quantity  of  nitre,  whereby  the  earthy  matters  and  the 
creater  part  of  the  base  metals  are  removed  in  the  form  of  slag ;  the  alloy  is  then  cast 
in  the  form  of  bars  ;  the  latter  again  fiised  in  a  black  lead  crucible,  stirring  constantly 
with  an  equal  weight  of  silver,  so  that  the  gold  amounta  to  about  one-fourth  of  the 
whole  mixture.  The  alloy  is  then  reiy  finely  gpnnulated  by  pouring  it  through  an  iron 
aieve  into  water ;  the  granules  are  heated  in  a  porcelain  basin  with  an  equal  quantity 
of  nitric  acid  and  an  equal  quantitjr  of  water,  as  Ions  as  any  action  goets  on  ;  the  liquid 
is  decanted ;  and  the  residual  gold  is  boiled  for  two  boors  with  a  quantity  of  pure  mtric 
acid  equal  to  two-thirds  of  the  granules  used,  after  which  it  is  washed  with  not  water, 
dried,  and  fiised  into  a  button.  From  the  resulting  nitric  acid  solutions,  the  silTer  is 
precipitated  by  common  salt  The  remaining  liquid  being  tiansfeired  to  wooden  vessels^ 
the  palladium  and  copper  are  precipitated  by  zinc ;  the  black  powder  is  dissolved  in 
-nitric  acid ;  the  solution  supersaturated  with  ammonia,  which  generally  leaves  undissolved 
a  small  quantity  of  platinum,  iron,  and  lead ;  and  the  filtrate  containing  the  palladium 
and  copper  is  veiy  slightly  supersaturated  with  hydrochloric  acid,  whereby  the  greater 

•  And  CO^.  t  Ntngsnout  ozia«. 
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part  of  the  palladium  is  precipitated  in  the  form  of  yellow  anunonio-piotocUoride^ 
which  18  then  washed  with  cold  water  and  oonyerted  into  pore  palladium  by  ignition. 
The  remainder  of  the  palladium  and  the  whole  of  the  copper  may  be  precipitated  from 
the  hydrochloric  acid  solution  by  iron.  ( J  o  h  n  a  o  n,  J.  pr.  Chem.  3eL  309.--C  oc  k,  FhiL 
Hag.  [3]  xxiiL  16 ;  also  Ann.  Ch.  Pharm.  zlix.  236.) 

Properties. — ^Palladium  is  a  white  metal  intermediate  in  colour  and  lustre  between 
silrer  and  platinum.  As  obtained  by  ignition  from  the  cyanide  or  from  chloride  of  pal- 
ladium and  ammonium,  it  forms  a  grey  spongy  mass.  Finely  divided  palladium 
floating  on  water  appears  blood -red  by  transmitted  light.  Natiye  palladium  occurs  in 
six-sided  tables,  with  distinct  cleavage  parallel  to  the  terminal  faces ;  white,  with  a 
strong  lustre,  of  almost  microscopic  size,  and  attached  to  lamine  of  native  gold 
(G.  Rose);  also  in  minute  octahedrons  (Haidinger).  The  native  palladium  from 
Brazil  exhibits  a  fibrous  structure,  and  may  be  thereby  distinguished  and  separated 
from  the  grains  of  platinum  with  which  it  is  mixed  (WoUaston).  Specific  gravity  of 
fused  palladium,  1104  at  18°  (Cloud),  11-3  (Cock),  from  11-3  to  11-8  (Wollaston), 
11*4  at  22-6°  (Deville  and  Debray);  of  hammered  palladium,  11-8  (Cock),  11-852 
(L am padi us),  rather  more  than  12*0  (Vauquelin),  12*148  (Lowry).  Palladium 
is  about  as  hard  as  pktinum ;  ductile,  but  somewhat  less  so  than  platinum ;  and  may 
be  rolled  out  into  thin  leaves.  It  is  the  most  fusible  of  all  the  metals  of  the  platinum 
group,  beginning  to  fuse  at  the  strongest  heat  of  a  forge-fire,  and  melting  perfectly 
before  the  oxy hydrogen  blowpipe.  When  heated  on  lime  in  Deville's  furnace  (p.  313) 
to  the  melting  point  of  iridium,  it  volatilises  in  green  vapours  which  condense  to  a 
bistre-coloured  dust  of  metal  and  oxide.  It  oxidises  at  a  lower  temperature  than  silver, 
and  is  always  covered  on  the  surface  with  a  thin  film  of  oxide.  If  it  be  freed  from 
this  coating  by  ignition  in  a  reducing  flame,  and  held  while  still  hot  in  a  stream  of 
mixed  air  and  combustible  gas,  it  continues  to  glow  like  platinum.  If  exposed  to  the 
air  in  the  melted  state  it  absorbs  oxygen  and  spits  like  silver;  but  the  absorbed  gas  is 
not  given  off  till  just  as  the  metal  begins  to  solidify,  so  that  the  mass,  though  very 
dense  on  the  surface,  remains  porous  within.    (D  e  v  i  1 1  e  and  Deb  ray.) 

Palladium  is  very  sb'ghtly  attacked  by  concentrated  hydrochloric  or  sulphuric  acid, 
even  at  the  boiling  heat.  It  dissolves  in  nitric  acid  without  evolution  of  gas,  but  com- 
municates a  brownish-red  colour  to  the  liquid,  from  formation  of  nitrous  acid.  It 
dissolves  with  facility  in  nitromuriatic  acid.  Its  surface  is  bhiekened  by  tincture  of 
iodine,  which  has  no  effect  on  platinum. 

Palladium  is  sometimes  usea  for  making  the  divided  scales  of  astronomical  instru- 
ments, for  which  it  is  well  adapted,  being  light,  nearly  as  white  us  silver,  and  not 
blackened  by  sulphurous  emanations.  It  is  also  used  for  making  the  smaller  divisions 
of  the  grain  or  gramme. 

Palladium  in  most  of  its  compounds  is  diatomic,  as  in  the  di-chloride  Pd''Cl^  the 
diiodide  Pd'l*,  the  protoxide  Pd'O,  &c.  A  tetrachloride  occurs  in  certain  double 
salts,  and  the  dioxide  Pd''0'-  is  known  in  combination  with  water. 

PAZAABIUBt,  JkXAOTU  OV»  Palladium  unites  with  most  metals,  but  only  a 
few  of  its  alloys  are  of  any  practical  importance.  With  antimony  and  arsenic  it 
forms  brittle  alloys,  the  combination  in  each  case  being  attenaed  with  ignition. 
(Fischer.) 

Barium  unites  with  it  at  the  heat  of  the  oxyhydrogen  blowpipe,  forming  a  silver- 
white  alloy  which  gradually  oxidises  on  the  surface.     (Clarke.) 

Equal  parts  of  bismuth  and  palladium  form  a  grey  alloy  having  the  hardness  of 
steel.     (Chenevix.) 

Copper  and  nalladium  unite  without  incandescence;  4  pts.  copper  and  1  pt  pal- 
ladium form  a  white  ductile  alloy ;  equal  weights  of  the  two  metals  yield  a  yellow- 
brown  brittle  alloy,  harder  than  wrought  iron,  and  when  fused  together  before  the 
oxyhydrogen  blowpipe,  an  easily  fusible  alloy  of  pale  colour,  susceptible  of  a  high 
polish,  easily  attacked  by  the  file  (Clarke).  Palladium  forms  with  copper  an  alloy 
similar  in  properties  and  composition  to  that  which  it  forms  with  tin  (vid.  tV*.),  and 
obtained  in  a  similar  manner.     (Deville  and  Debray). 

With  gold,  palladium  forms  several  alloys,  the  combination  always  taking  place 
without  ignition.  1  pt.  palladium  and  1  pt  gold  form  a  grey  alloy  having  the  colour 
of  wrought  iron,  less  ductile  than  either  of  the  component  metals,  and  of  coarse-grained 
fracture ;  1  pt.  palladium  and  4  pts.  gold  yield  a  white,  hard,  ductile  alloy ;  an  alloy  of 
1  pt.  palladium  and  6  pts.  gold  is  almost  white.  The  native  alloy  of  palladium,  gold 
and  silver  from  Porpez  contains  85*98  per  cent,  gold,  9*85  ptllfM^nim,  and  4*17  silver^ 
(Berzelius.) 

The  alloy  of  palladium  andiron  is  very  brittle;  but  an  alloy  of  1  pU  palladium 
and  100  pts.  steel  is  well  adapted  for  cutting  instruments  which  nquiie  to  be  per- 
fectly smooth  on  the  edge.    (Faraday  and  Stodart) 
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With  lead,  palladiam  forms  a  grey,  hard,' brittle  alloy,  haringafine-giainedfEactard, 
and  of  specific  grayity  12 '0.    The  combustion  is  attended  with  ignition. 

Bespecting  the  mercury-componnds  of  palladium,  see  iii.  888.. 

Nickel  and  palladium  unite  at  the  heat  of  the  oxyhydrogen  blowpipe,  forming  a 
highly  lustEons,  veiy  malleable  alloy.    (Clarke.) 

Equal  parts  of  platinum  and  palladium  unite  at  a  temperature  somewhat  above 
the  melting  point  of  the  latter,  forming  a  grey  alloy  of  specific  gravity  15*141,  as 
hard  as  wrought  iron,  less  ductile  than  the  gold  alloy.    (Chenevix.) 

An  alloy  of  1  pt  silver  and  9  pto.  palladium. is  used  by  dentists. 

An  alloy  of  equal  pts.  paUadinm  and  tin  is  somewhat  softer  than  wrought  iron,  and 
has  a  fine-grained  texture  (Chenevix).  When  palladium  is  fused  at  a  red  heat  with 
six  times  its  weight  of  tin,  and  the  resulting  mass  is  treated  with  hydrochloric  acid, 
there  remains  an  alloy  having  the  com^sition  Pd'Sn*,  crystallised  in  slender  shining 
laminae.  Similar  alloys  of  palladium  with  silver  and  with  copper  are  obtained  in  iika 
manner.    (Deville  and  Debray). 

Palladium  dissolves  in  melted  zinc,  but  does  not  unite  with  it  in  definite  proportions; 
on  treating  the  resulting  alloy  with  hydrochloric  acid,  pure  palladium  remains  undis- 
solved.   (Deville  and  Debray.) 

VAIAABZmCt  BSOMXSfl  OF.  Palladium  dissolved  in  a  mixture  of  nitric 
and  hydrobromic  acids,  yields  on  evaporation  a  chestnut-brown  mass  insoluble  in  water, 
but  soluble  in  aqueous  hydrobromic  acid,  and  forming  dark  brown  double  salts  with 
the  bromides  of  potassium,  manganese  and  zinc.      (Bonsdorfl^  ^^gg*  Ann..xix.  347.) 

yjIXXiAAjTOMi.  CAMZSB  OT,  Palladium  fused.in  a. crucible  filled  with  lamp- 
black becomes  so  brittle,  that  if  struck  with  a  hammer  while  red-hot>  it  falls  to  powder 
and  gives  off  a  white  fume.  Kespecting  the  formation  of  palladium-carbide  in  an 
alcohol-flame,  see  below. 

PA&XJkBXmCv  CBZiOSSBSB  OV.  The  dichloride  or  FaUadiouB  chloride, 
Pd'^Cl',  is  prepared  by  dissolving  palladium  in  hydrochloric  acid  to  which  a  little  nitric 
acid  is  added,  and  evaporating  the  solution  to  dryness,  to  expel  the  excess  of  add.  The 
compound  is  a  mass  of  a  dark  brown  colour,  which  becomes  black  when  made  anhydrous 
by  heat,  and  may  be  fused  in  a  glass  vessel.  When  heated  in  platinum  vessels,  it 
becomes  contaminated  with  the  chloride  of  that  metal  When  dissolved,  with  chloride 
of  potassium,  it  forms  a  double  salt,  K^Pd''Cl\  which  is  soluble  in  cold,  and  considerably 
more  so  in  hot  water,  and  crystallises  in  four-sided  prisms  of  a  dull,  yellow  colour. 
Dicbloride  of  palladium  also  forms  double  salts  witn  the  chlorides  of  ammoniumi 
sodium,,  and  several  other  metals. 

The  tetrachloride  or  JPalladic  chloride,  Pd'^Cl^  is  obtained  in  solution  when 
the  dichloride  is  dissolved  in  concentrated  nitiomuriatic  add,  and  the  solution  is  ou\y 
slightly  heated.  Its  solution  is  of  so  dark  a  colour  as  to  appear  black,  and  gives  a  r^ 
precipitate  with  chloride  of  potassium.  When  the  solution  is  diluted  or  heated,  chlo- 
rine gas  is  evolved,  and  dichloride  of  palladium  reproduced  The  double  salt  of  this 
chloride  and  chlonide  of  potassium  is  obtained  by  treating  potassio-paUadious  chloride 
in  fine  powder  with  nittomuriatic  add,  and  evaporating  the  supernatant  liquid  to  dry- 
ness. It  forms  a  cinnabar-red  powder,  in  which  octahedral  crystals  can  be  perceived, 
both  the  palladic  and  palladious  double  chlorides  being  isomorphous  with  the  cor- 
responding compounds  of  platinum.  When  treated  with  hot  water,  this  double  salt 
emits  chlorine,  and  is  in  a  great  measure  decomposed.. 

>  A TiTi  II PHHg,  CfTAMISMM  OTm  Palladium  forms  two  cyanides  analogous  to 
the  chlorides  (see  Cxaiodbs,  ii.  260). 

WAMbAJ^XUMt  OBTBCTXOW  AVJD  B8TIMATXOW  OT.  L  Beactions. 
—Nearly  all  palladium-compounds  are  decomposed  b}  hea^  leaving  metallic  palladium : 
which  may  be  distinguished  from  platinum  by  its  solubility  in  nitric  add,  by  its  reac- 
tion wilh  tincture  of  iodine  (p.  328;,  or  by  its  behaviour  in  an  alcohol-flame.  If  held 
in  the  inner  flame  of  a  spirit-lamp,  it  unites  with  carbon,  without  first  being  heated  to 
redness  ;  and  if  then  quickly  removed  from  the  fiame,  it  glows  vividly  in  the  air  till 
all  the  carbon  is  burnt  away  and  pure  palladium  is  left:  this  reaction  is  exhibited 
most  conspicuously  by  finely-divided  palladium  which  has.  been  dosely  compressed: 
spongy  platinum  dioes  not  exhibit  it  at  all. 

Palladious  salts  bJKiov  ihe  moat  part  brown  or  red,;  their  taste  is  astringent, 
but  not  metallic.  The  metal  is  precipitated  from  the  solutions  of  palladious  salts  by 
jphosphorus,  by  sulphurous  aotd,  by  nitrite  of  potassium,  by  all  the  mstals  which 
reduce  silver,  by  formate  of  potassium,  and  by  alcohol  at  a  boiling  heat.  Sviphydric 
acid  and  sulphide  of  ammonium  throw  down  the  brown  sulphide  of  palladium,  insoluble 
m  the  latter  reagent.  Hydriodic  acid  and  iodide  of  potassium  throw  down  a  black 
predpitate  of  iodide  of  palladium,  visible  even  to  the  600,000th  degree  of  dilution.  This 
reaction  serves  for  the  separation  of  iodine  firom  bromine ;  foralludine  bromides  do  not 
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precipitate  palladious  salts.  Potash  or  »oda  forms  a  brown  predpitftte  of  a  basic  salt, 
soluble,  with  the  aid  of  heat,  in  excess  of  the  reagent.  Ammonia  produces  no  precipitate 
in  a  solution  of  palladious  nitrate ;  but  from  a  solution  of  the  chloride,  it  throws  down 
a  flesh-coloured  precipitate  of  ammonio-chloride  of  palladium,  soluble  in  excess  of 
ammonia.  The  carbonated  of  potassium  and  sodium  form  a  brown  precipitate  of 
hjdrated  palladious  oxide.  Carbonate  of  ammonium  acts  like  ammonia.  Phosphate 
of  sodium  forms  a  brown  precipitate.  Ferrocyanide  zsoA  ferricyarUde  of  potassium  form 
no  precipitate,  but  the  liquid  after  a  while  coagulates  into  a  j^j.  Cyanide  of  mercury 
throws  oown  a  white  precipitate  of  cyanide  of  palladium.  Stannous  chloride  forms  a 
black  precipitate  which  dissolTes  with  intense  green  colour  in  hydrochloric  acid. 
Ferrous  su^hate  precipitates  palladium  slowly  from  the  nitrate,  but  not  from  the 
chloride.  The  reactions  of  palladium  with  sulphydric  acid,  cyanide  of  mercury,  and 
iodide  of  potassium  taken  together,  serve  to  distinguish  it  from  all  other  metals. 

Palladic  salts  are  yery  unstable,  being  easily  reduced  to  palladious  salts  by  heat, 
and  by  reducing  agents :  hence  their  reactions  are  scarcely  known.  The  dark  brown 
solution  of  the  tetrachloride  is  easily  distinguished  from  the  similarly  coloured  solu- 
tions of  tetrachloride  of  platinum  or  iridium  by  its  property  of  giving  off  chlorine 
when  heated  and  leaving  the  dichloride. 

Estimation  and  Separation  of  Palladium. — ^Palladium  is  always  estimated 
in  the  metallic  state.  It  is  precipitated  from  its  solutions  in  the  form  of  cyanide  by  a 
solution  of  cyanide  of  mercury,  the  liquid  not  containing  anv  excess  of  add.  The 
precipitated  cyanide  is  then  reduced  to  the  metallic  state  by  calcination. 

Palladium  may  be  separated  from  nearly  all  other  metals,  either  by  precipitation 
with  cyanide  of  mercury  or  with  sulphydnc  acid,  or  by  the  solubility  "of  its  oxide  in 
ammonia.  If  however  the  solution  contains  alcohol,  gold,  platinum  and  some  other 
metals  may  be  precipitated  at  the  same  time.  Palladium  cannot  be  separated  from 
platinum  by  nitric  acid:  for  an  alloy  of  palladium  with  a  smaJl  quantity  of  platinum 
is  completely  dissolved  by  that  acid. 

To  separate  palladium  from  copper,  with  which  it  is  associated  in  platinum-ore,  the 
two  metals  are  precipitated  together  by  sulphydric  acid,  and  the  precipitate,  while 
still  moist,  is  roasted,  together  with  the  platinum,  as  lon^  as  sulphurous  anhydride 
continues  to  escape.  The  metahi  are  thereby  converted  into  basic  sulphates,  which 
must  be  dissolved  in  hydrochloric  acid,  and  the  solution  mixed  with  mtric  acid  and 
chloride  of  potassium,  and  evaporated  to  dryness.  A  dark  saline  mass  is  thus 
obtained,  consisting  of  chloride  of  potassium,  chloride  of  copper  and  potassium,  and 
chloride  of  palladium  and  potassium ;  and  on  treating  this  mass  with  alcohol  of  specific 
gravity  0*833,  the  two  former  salts  are  dissolved  and  the  double  chloride  of  palladium 
and  potassium  remains  (BerzeliusV  AccordingtoDobereiner,  copper  may  be  sepa- 
rated from  palladium  by  reducing  tne  latter  metal  wif^  an  alkaline  formate. 

Atomic  Weight  of  Palladium. — Berzelius  (Pogg.  Ann.  -gin,  435)  determined  the 
atomic  weight  of  ihxs  metal  in  the  same  manner  as  that  of  iridium  (iii.  321)  by 
reducing  potassio-palladious  chloride,  2KCl.Pd''Cl',  in  a  current  of  hydrogen.  As 
this  salt  cannot  be  dried  without  partial  decomposition,  the  mixture  of  chloride  of 
potassium  and  metallic  palladium  left  after  the  ignition  was  weighed,  as  was  also  the 
palladium  left  after  dissolving  out  the  chloride  of  potassium  with  water.  In  one 
experiment,  0*576  grm.  palladium  were  obtained  to  0*809  grm.  potassium-chloride, 
in  another,  0*851  grm.  palladium  to  1*192  potassium-diloride.  If  KCl  »  74*5, 
the  mean  of  these  experiments  gives  Pd  «.  126*26  or  nearly  126. 

PAXKABZinc,  r&VOBIDfl  or.  Pd'T*.— Formed  as  a  brown  predpiUte  on 
adding  hydrofluoric  a^id  to  a  concentrated  solution  of  palladious  nitrate.  On  evapo- 
rating to  dryness,  there  remains  a  brown  earthy  mass,  only  a  small  portion  of  which  is 
dissolved  by  water.  It  is  not  altered  by  ignition,  is  sparingly  soluble  in  hydrofluoric 
acid,  and  dissolves  very  slowly  in  caustic  ammonia,  forming  a  colourless  liquid,  which 
may  be  evaporated  by  heat,  and  ultimatelv  deposits  fluoride  of  palladium  as  a  colour- 
less crystalline  aeXt,  which  may  be  heated  to  100^  without  decomposition,  but  decom- 
poses at  a  higher  temperature,  leaving  a  grey-brown  powder. 

Ammonio-paUadious  fluoride  is  obtained  as  a  brown  radiate  mass  by  dissolving  pal- 
ladious fluoride  in  boiling  aqueous  ammonia,  and  evaporating. 

Potassio-palladious  fluoride  is  precipitated  on  mixing  palladious  nitrate  with  fluoride 
of  potassium,  as  a  light  yellow  powder  sparingly  soluble  in  water. 

Sodio-paUadious  fluoride  is  obtained  in  like  maimer  and  possesses  similar  properties. 

VAUbABIUM;  ZOBIBB  OV.  Pd'l*.~^Palladium-foil  turns  black  when  an  alco- 
holic solution  of  iodine  is  evaporated  to  diyness  upon  it ;  this  reaction  distinguishes 
palladium  from  platinum,  which  remains  bright  when  thus  treated  (Berzelius). 
Similarly,  palladium-foil  heated  in  iodine  vapour  becomes  covered  with  coloured  fllms, . 
and  afterwards  turns  brown ;  the  application  of  heat  or  treatment  with  ammonia  restores 
its  brightness.    Iodine  heated  in  a  glass  tube  with  finely-divided  palladium,  combines 
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bnt  imperfectly  witii  it ;  and  again,  vhen  palladinm-foil  ia  boiled  with  iodine  and  water, 
or  with  hydriodic  acid  and  nitric  add,  part  of  it  remains  unaltered.    ^Lassaigne.) 

Iodide  of  palladimn  is  obtained  in  the  form  of  a  black,  taateless,  and  inodorous  mass, 
by  precipitating  a  palladions  salt  with  iodide  of  palladium,  washing  with  boiling  water, 
and  drying  the  black  gelatinous  flakes  for  24  hours  in  yacuo  (Lassaigne,  J.  Chun.  med. 
zi  67).  It  sives  off  its  iodine  between  300^  and  360°.  Soiling  potash  decomposes  it 
with  separation  of  a  blade  powder  consisting  of  palladious  oziae.  It  is  insoluble  in 
water,  alcohol,  ether,  and  aqueous  hydriodic  add  (thereby  distinguished  from  platinum) 
(Lassaigne).  This  compound  serTee  for  the  quantitatiye  estimation  of  iodine  (iii  296). 

FAUbJLDIUX,  OJCXBas  OV.  The  protoxide  or  Palladious  oxide,  Pd"0, 
is  obtained  in  the  anhydrous  state  by  decomposing  nitrate  of  pilladium  at  a  moderate 
heat,  or  by  heating  a  palladious  salt  with  carbonate  of  potassium  to  commencing  red- 
ness, and  exhausting  the  residue  with  water.  It  is  a  dark  grey  or  black  powder, 
sparingly  soluble  in  acids,  and  is  reduced  to  the  metallic  state  at  a  bright  red  heat. 

Palladious  hydrate  is  obtained  as  a  dark  brown  predpitate  by  mixing  the  solution 
of  a  palladiouB  salt  with  excess  of  potassic  or  sodic  carbonate.  It  gires  off  its  water  at 
a  moderate  red  heat    It  is  easily  soluble  in  acids. 

The  dioxide  or  Palladia  oxide,  Pd'^0',  is  not  known  in  the  separate  state.  From 
a  solution  of  palladic  chloride  alkalis  and  alkaline  carbonates  throw  down  a  brown 
predpitate  consisting  ofhydrated  palladic  oxide  combined  with  the  alkali.  This  com- 
pound ^ves  off  half  its  oxygen  at  a  moderate  heat,  and  the  whole  at  a  higher  tempera- 
ture. From  hot  solutions,  a  black  predpitate  is  obtained  containing  the  anhyorous 
dioxide.  The  hydrate  dissolTcs  slowly  in  adds,  forming  yellow  solutions.  In  strong 
hydrochloric  add  it  dissohres  without  decomposition,  formiag  potassiO'paUadie  chloride 
arisinff  from  admixed  potash ;  with  dilute  hydrochloric  add,  on  the  contrary,  it  giyes 
off^E>rine. 


I  OTm  Fd"Se. — The  two  bodies  unite  easily,  the 
combination  bdng  attended  with  evolution  of  heat.  The  product  is  a  grey,  in&ible 
compound,  which  when  heated  in  the  blowpipe  flame,  giyes  off  selenium,  and  leayes  a 
greyish-white,  brittle,  crystalline,  metallic  bead  containing  selenium.    (Berzelius.) 

VJkZ&ABZmc,  BV&PBXBfl  OV.  Pd'S.— Palladium  and  sulphur  heated 
together  unite,  with  incandescence,  forming  a  bluish-white,  metallic-shining,  very 
bud  compound  haying  a  shining  laminated  fracture,  and  melting  at  the  same  tempe- 
rature as  silver.  By  predpitadng  a  palladium-salt  with  sulphydric  acid  or  an  alkaline 
sulphide,  sulphide  of  palladium  is  obtained  as  a  black  powder,  having  a  bluish  tinge 
ana  semi-metallic  lustre.  Sulphide  of  palladium  heated  to  redness  in  the  air  oxidises 
very  slowly,  forming  a  bade  sulphate  or  oxysulphate  of  palladium.  Heated  in  a 
stream  of  chlorine  gas,  it  forms  chloride  of  sulphur  and  dicnloride  of  palladium. 

y  ATiTi  Al>IUM-miB»g,  AaaHOmACAX.  (Vauquelin,  Ann.  Chim. 
IxxxviiL  167.— Fischer,  Schw.  J.  li.  192.— Ann.  Ch.  Pharm.  Ixiv.  260.— 
Feb  ling,  ibid,  xxxix.  116. — Huffo  Miiller,  t^V2.  IxxxvL  341.)— ci.  A  moderately 
oonoentrSted  solution  of  dichloride  of  palladium  treated  with  a  slight  excess  of 
ammonia,  yields  a  beautiful  flesh-colourei  or  rose-coloured  predpitate,  consisting  of 
N''H*Pd''Ci«  (Vauquolin,  Fehling,  Fischer).  This  predpitate  dissolves  in  a 
larger  excess  of  ammonia;  and  the  ammoniacal  solution,  when  treated  with  adds, 
yields  a  yellow  predpitate  having  the  same  compodtion  (Fehling^  Fischer). 
This  yellow  modification  is  likewise  obtained  by  heating  the  red  compound  in  the 
moist  state  to  lOO-',  or  in  the  dry  state  to  200"^.  The  yellow  compound  dissolves 
abundantly  in  aqueous  potash,  forming  a  yellow  solution,  but  without  giving  off  am- 
monia, even  when  the  liquid  is  heated  to  the  boiling  point;  the  red  compound  behaves 
in  a  similar  manner,  but,  before  dissolving,  is  converted  into  the  yellow  modiflcatioHi 
For  this  reason,  Hugo  Miiller  regards  the  red  compound  as  ammonuhchlaride  <^ 
palladium,  2NH*.Pd''Cl*,  and  the  yellow  as  chloride  of  palladammonium,  N^H^Pd^d*. 
The  yellow  compotmd,  digested  with  water  and  oxide  of  silver,  yields  the  oxide  qf 
palladammonium,  or  palladamine,  N^H^Pd^O.  This  compound  is  a  strong  base, 
analogous  to  oxide  of  platammonium  {q.  vX  It  is  soluble  m  water,  to  which  it  com- 
municates a  strong  alkaline  taste  and  reaction.  By  evaporating  the  solution  in  vacuo, 
the  base  is  obtained  in  the  form  of  a  crystalline  mass,  which  absotbs  carbonic  add 
rapidly  from  the  air,  esjpedally  when  moisL  It  unites  with  adds,  forming  definite 
salts.  Its  solution  precipitates  the  salts  of  silver  and  copper,  and  an  excess  of  it  does 
not  redissolve  the  predpitates.  8ulphite  qf  ^paUaaammonium,  N^H^Pd^JBO',  is 
formed  by  saturating  the  solution  of  the  oxide  with  sulphurous  acid,  or  by  the  action 
of  that  add  on  the  yellow  chlorine-compound:  it  czystaUises  in  orange-yellow 
octahedrons.  The  sulphate,  N^'Pd".80\  crystallises  in  a  dmilar  manner.  The 
nitrate,  iodide,  and  bromide  have  also  been  formed.  The  fiuoride  is  obtained  by 
adding  the  chloride  to  a  solution^of  fluoride  of  silver.    (H.  Hiiller.) 
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fi.  The  compound  4NH*.Fd"Cl*  (called  by  Miiller,  ehhride  oj  paUad-diamne),  which 

may  be  formulated  as  a  chloronitride  p^"[  nis  or  as  chloride  of  ammop<iUadttmmonium, 

W        ] 

Pd"      >-N*.Cl',  separates  from  the  ammoniacal  solution  of  chloride  of  palladammonium, 

(NH*/) 

in  colourless,  oblique  rhombic  prisms,  which  at  200^  give  off  half  their  ammonia  and 

are  reduced  to  N'H*Pd"Cl'  (Fehling).    The  corresponding  iodide  and  bromitle  are 

likewise  obtained  by  treating  the  solutions  of  iodide  and  bromide  of  palladium  ^or 

palladammonium  with  ammonia.     They  both  crystallise  readily.     The  fittoride  is 

obtained  by  adding  ammonia  to  the  solution  of  chloride  of  palladammonium  in  fluoride 

of  ^silver,  and  eyaporating :  it  forms   oblique  rhombic  prisms.    The  eilioo'jluoride  is 

obtained  in  ciystaUine  scales  on  adding  hydrofluosilicic  acid  to  any  soluble  salt  of 

palladammonium.  The  oxide  N^H^PdK)'  »   pd"lo  ^  obtained  by  decomposing  the 

solution  of  the  chloride  with  oxide  of  SLlver, — or  better,  the  sulphate  with  hydrate  of 
barium.  A  strongly  alkaline  solution  is  thereby  formed,  which,  on  evaporation, 
leases  the  hydrate!  oxide  in  the  form  of  a  cxystalline  mass,  though  not  quite  pure. 
The  solution  precipitates  the  salts  of  aluminium,  iron,  cobalt,  nickel,  and  copper,  but 
not  those  of  silver;  expels  ammonia  from  chloride  of  anmionium,  on  boiling;  and 
absorbs  carbonic  acid  from  the  air.  The  carbonate  obtained  in  this  manner,  or  by 
decomposing  the  chloride  with  carbonate  of  silver,  or  the  sulphate  with  carbonate  of 
barium,  crystallises  in  shining,  colourless  prisms,  which  turn  yellow  at  a  little  above 
100® ;  the  solution  of  this  salt  is  strongly  alkaUnie,  and  gives  copious  precipitates  with 

HI'"' 

salts  of  calcium,  barium,  copper,  and  silver.  The  eidphite,  Pd"     C  ^^^  obtained  by  direct 

(SO)"  p 
combination  or  by  the  action  of  ammonia  on  sulphite  of  palladammonium,  forms  small 
prismatic  ciystals,  sparingly  soluble  in  water,  insoluble  in  alcohol,  and  turning  yellow 
at  about  392^.  The  evd^iyite^  obtained  by  treating  palladious  sulphate  with  excess  of 
ammonia,  forms  small  colourless  prisms,  easily  soluble  in  water,  but  insoluble  in 
alcohoL    (Hugo  Miiller.) 

>ilTiTiAT»IirM-Billl»S,  OSOASTZC.  (Hugo  Miiller,  loc.  city-a.  Ethyl- 
compounds,  When  ethylamine  is  added  to  a  solution  of  palladious  chloride,  a  yellow 
precipitate  is  formed  containing  (C*H'N)*.Pd''Cl*.  It  dissolves  in  ethylamine,  forming 
a  colourless  solution,  which  on  addition  of  hydrochloric  acid  yields  a  pale  ydUow  pre- 
cipitate, afterwards  becoming  dark  yellow  and  crystalline:  this  precipitate  is  meta- 
meric  with  the  preceding,  and  appears  to  consist  of  chloride  of  paliadethylam- 

(C*H*)«j 
monium    Pd"    vNK)l*.    A  solution  of  this  yellow  salt  in  excess  of  ethylamine  de- 
H*    ) 

(C«H»)«    )  (C«fl*/)N« 

posits  colourless  prisms  of  the  salt       Pd"        VN«C1«  or     Pd"    VAyt 

H*(C«H»N)«j  H«    S 

When  the  chloride  of  palladammonium  (p.  328)  is  treated  with  aqueous  ethylamine 
it  quickly  becomes  decolorised  and  dissolves  on  gentle  heating,  to  a  colourless  liquid, 

(C»H''N)«)  (C«H*)«jjj, 

which  on  cooling  deposits  colourless  crystals  of  the  salt      Pd"     vKKl*  or     Pd"    V  ^,  * 

H*      j  H"    i^^ 

Hiiller's  chloride  of  paladeihyldiamine. 

^.  Phenyl-compound. — On  adding  aniline  suspended  in  water  to  a  solution  of 
palladious  chloride,  a  pale  yellow  crystalline  precipitate,  insoluble  in  excess  of  aniline, 
IS  formed,  probably  consisting  of  chloride  of  palladio-phenylammonium, 
H\C*H*)'Pd*JN'.CP.  The  corresponding  iodine-compound  is  obtained  as  a  yellow 
crystalline  powder  on  mixing  finely  divided  iodide  of  palladium  with  aniline  suspended 
in  water. 


CZO  ACZB.    Syn.  with  BicnniLAiDic  Acn>. 
Syn.  with  Bicwblaidix. 

L    C'»H»NO  -  ^"^"^i^-    (H.Carlet^  BulL  Soc.  Chim. 

1869,  p.  175.) — This  compound  is  obtained  by  heating  palmitate  of  ethyl  with  alcoholic 
ammonia  for  twenty  to  twenty-five  days  in  a  sealed  tube  immersed  in  a  salt-bath,  and  is 
purified  by  re-crystallisation  from  hot  alcohol,  and  repeated  washing  with  -cold  ether.  It 
melts  (or  solidifies)  at  101*6°.  By  heating  in  a  sealed  tube  with  alcoholic  potash,  it 
is  reoolved  into  pahnitic  add  (solidifying  at  59*6°)  and  ammonia. 


PALMITIC  ACID.  Sai 

The  marfforamide  which  Bovlla^  obtained  by  the  nctioii  of  ammonia  on  oliye-oil 
probably  oonsisted  chiefly  of  oleamide  (p.  192). 

VA&MXTXO  AOZB.    C><H«0*  »  ^"^"^|o.      (ktylic   acid.      EthaUc  acid, 

OUdic  add,  (Chevreul,  Becherchea  awr  lea  corps  gras^-g,  69. — ^Dnmas  and  Stas, 
Ann.  Ch.  Phys.  [2]  Izxiii.  113. — Varr entrap]^,  Ann.  Ch.  Pharm.  zzxv.  209. — 
Fr^my,  ibid,  xxxvi.  44. — Stenhoase,  ibid,  zxxvi.  60. — ^L.  Smith,  ibid.  zlii.  241. — 
Sthamer  and  Meyer,  ibid.  xliiL  336. — H.  Schwarz,  ibid.  Iz.  69. — Heintz,  see 
refezenoes  already  giyen  iiL  1069. — v.  Bock,  J.  pr.  CheuL  xlix.  296. — ^Bert helot, 
Ann.  Ch.  Phys.  [3]  xli  216,  432;  xlTii.  297.— Mask elyne,  Ghem.Soc  Qu.  J.  viii  1. 
— Gm.  xvi.  360. — Gerh.  ii.  796.) 

This  acid  is  uniTersally  distributed  in  the  fats  of  the  animal  and  vegetable  kingdoms. 
It  occurs:  a.  Combined  with  glycerin,  in  large  quantities^  in  palm-oil  (Fr^my);  in 
Chinese  tallow,  the  fat  of  Stillingia  aebifera  (M  a  s k  e  ly  n  e) ;  in  Japan  wax  (S  t  h  a  m  e r) ; 
in  the  wax  of  Myrica  aeb^era  (Mo ores). — ^.  Combined  with  ethal,  in  spermaceti 
(L.  Smith)^ — 7.  In  the  meUssin  of  bees-wax,  aspalmitate  of  meliss^l,  C*'H**(C*H*')0* 
(Brodie) 8.  In  the  free  state  in  partially  decomposed  fats,  especially  in  palm-oiL 

Chevreul's  margaric  acid,  which,  as  already  observed  (iii.  862),  is  a  mixture  of  palmitic 
acid  with  10  per  cent,  stearic  acid,  is  formed  in  large  quantities  in  the  saponification 
of  spermaceti,  of  human,  jaguar,  and  goose-fats,  and  of  dolphin  and  train  oils ;  in  small 
quantity,  together  with  much  stearic  acid,  by  the  saponification  of  butter,  hog's  lard, 
beef-suet,  and  mutton-suet  The  other  varieties  of  the  so-called  maigarie  add  also  con- 
sist of  palmitic  acid  more  or  less  pure :  hence,  many  of  the  older  obserrations  relating 
to  maigarie  acid  really  apply  to  palmitic  acid. 

Formation. — 1.  By  the  saponification  of  palmitin,  spermaceti,  and  meliasin. — 2.  By 
heating  ethal  (cetylic  hydrate)  with  potash-lime  (Dumas  and  St  as) : 

g>«H»«0     +     KHO       -      C»*H«KO«     +     H*. 

Hydrate  of  PalmlUte  of 

c«iyl.  poUMltua. 

3.  Together  with  acetic  acid,  by  melting  oleic  add  (Varrentrapp),  or  daidic  acid 
(Meyer),  with  potassic  hydrate : 

C"H»*0*     +     2KH0       -      C»«H"'KO«     +     0*H'KO»     +     H«. 
Oleic  acid.  Palmltate  of  Acetate  of 

putafslum.  potaatiuro. 

Oleic  acid  appears  also  to  be  converted  into  palmitic  acid  when  fats  or  fatty  substances 
are  left  for  a  long  time  in  moist  earth,  or  in  other  moist  situations  exduded  from  the 
air,  the  fat  then  becoming  harder  and  more  brittle.  When  castor-oil  is  distilled  with, 
excess  of  alkali  (iii.  144),  there  remains  in  the  residue,  together  with  sebadc  add,  an  oily 
add  which  on  standing  deposits  a  laige  quantity  of  solid  fat  having  the  mdting  point 
and  compontion  of  palmitic  add. 

4.  Together  with  cetylene,  by  the  diy  distillation  of  cetylic  palmitate  (cetin) 
(L.  Smith): 

C"H«Ol^      «      C»-H»«0)q  ^,^« 

C»«H"«   J  g      |u     +     1^  n  . 

Cetio.  Palmitk  add.  Cetyleoc. 

Preparation,  a.  From  Pa/m-ot7— Palm-oil  is  saponified  with  caustic  potash ;  the 
soap  thus  obtained  is  decomposed,  and  the  separated  fatty  acid  is  purified  by  crystal- 
lisation from  alcohol  (Fr^my).  Stenhouse  dissolves  the  six  or  eight  times  crystal- 
lised acid  in  caustic  potash,  and  precipitates  it  with  an  acid.  Schwarz  saponifies 
palm-oil  with  canstic  potash,  dissolves  the  soap  in  hot  alcohol,  allows  the  solution  to 
cool,  and  purifies  the  crystalline  nodules  which  separate,  by  repeated  crystidlisatioh 
from  alcohol,  with  aid  of  animal  charcoal.  The  crystals,  when  decomposed  by  hydrd- 
chloric  add,  yield  palmitic  acid,  which  must  again  be  crystallised  from  alcohol. 

$.  From  Japan  Wax. — The  wax  is  saponified  by  fusing  it  with  half  its  weight  of 
hydrate  of  potassium,  and  the  soap  is  dissolved  in  water  and  salted  out  The  soda- 
soap  thus  formed  ia  dissolved  in  warm  water  and  allowed  to  cool ;  it  is  then  pressed, 
agam  dissolved  in  water,  and  the  solution  is  heated  to  the  boilins  point,  and  decom- 
posed with  chloride  of  caldum.  The  lime-soap,  after  being  washed  and  dried,  is  freed 
from  unsaponified  wax  by  means  of  ether,  and  decomposed  by  hydrochloric  acid.  The 
separated  fiittv  acid  is  crystallised,  first  from  alcohol,  afterwards  from  a  mixture  of 
alcohol  and  ether,  and  is  lastly  washed  with  cold  alcohol.     (Sthamer.) 

y.  From  Chinaae  Wax. — The  wax  is  saponified  with  alcoholic  potash ;  the  alcohol 
is  distilled  ofl^  after  addition  of  water,  and  the  soap  is  decomposed  with  sulphuric  add. 
The  separated  fiitty  add  is  then  strongly  pressed,  and  the  press-cake  is  moistened  with 
alcohol,  and  ajgain  prMsed  several  times.  The  remaininff  mass  is  crystallised  from  hot 
alcohol  until  it  exhibits  the  melting  point  of  palmitic  add.    (M a s k ely  n  e.) 

8.  From  Cojfee-beana. — The  powoered  beans  are  extracted  with  ether  containing 
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water,  and  the  ether  is  evimorated ;  the  remaining  yellow  bitter  fat  is  freed  from  the 
various  acids  of  coffee,  and  from  caffeine,  by  shSang  it  repeatedly  with  one-fifth  its 
Yolame  of  water  and  drawing  off  the  aqueous  layer  of  liquid,  and  is  afterwards  saponi- 
'fied  with  caustic  potash.  The  soap  is  salted  out,  dissolved  in  water,  and  decomposed 
by  dilute  sulphuric  acid ;  and  the  mixture  of  oleic  and  palmitic  acids  is  converted 
into  lead-salts  by  boiling  the  adds  with  carbonate  of  sodium,  dissolving  the  soda-soap 
in  alcohol,  and  precipitating  with  neutral  acetate  of  lead.  The  lead-salts  are  boiled 
with  alcohol,  which  dissolves  them  completely ;  but  on  cooling  and  partly  evaporating 
the  solution,  the  palmitate  of  lead  separates  in  the  form  of  a  white  powder,  whilst 
the  oleate  remains  in  solution.  The  former  is  collected,  washed  with  alcohol  oontaininff 
water,  and  decomposed  by  sulphydric  acid  under  ether^alcohoL  The  palmitic  acid 
remaining  behind,  when  the  filtrate  is  evaporated,  is  obtained  with  a  melting  point 
of  68*6°  by  five  times  repeated  czystallisation.  (Rochleder,  Ann.  Ch.  Pharm. 
viL  228.) 

c.  From  Oleic  add, — Oleic  add  is  saponified  by  a  slight  excess  of  hydrate  of  po- 
tassium, with  addition  of  a  little  water ;  a  quantity  of  hydrate  of  jpotassium,  equal  to 
twice  the  weight  of  the  oleic  add  is  then  added ;  and  the  mixture  is  heated,  with  con- 
stant stirring,  until  the  potash  is  melted,  too  great  a  heat  being  prevented  by  the 
occasional  addition  of  a  few  drops  of  water,  so  that  the  mass  may  not  blacken,  but  only 
assume  a  brown-bellow  colour.  As  soon  as  the  potash  is  melted,  and  hydrogen  ^  is 
evolved,  the  fire  is  removed,  and  the  mass  is  thrown  into  not  too  laree  a  quantity  of 
water,  when  the  soap  which  has  been  formed  separates  and  floats  on  the  surface.  The 
soap  is  removed,  dissolved  several  times  in  water,  and  salted  out^  and  afterwards  de- 
composed by  dilute  hydrochloric  add :  the  palmitic  add  thus  separated  is  purified  by 
crystallisation  from  aloohoL    (Varrentrapp.) 

C.  From  Ethtd. — Ethal,  mixed  with  five  or  six  parts  of  potash-lime,  is  heated  to  210'' 
-—220°  (263° — 276°,  according  to  Heintz),  in  a  metal-bath  for  five  or  six  hours,  or 
80  long  as  hydroeen  is  evolved;  the  residue  is  srispended  in  water ;  and  an  excess  of 
hydrodiloric  add  is  added,  whereby  the  palmitic  add  is  separated  in  white  flodui. 
AiPter  allowing  the  mixture  to  boil,  the  add  is  washed,  then  boiled  for  half  an  hour 
with  excess  of  hydrate  of  barium,  and  evaporated  to  dryness.  The  ethal  remaining 
undecomposed  is  taken  up  by  ether ;  the  reddue  is  decomposed  by  hot  hydrochloric 
add ;  and  the  separated  add  is  washed  and  dissolved  in  ether,  to  remove  traces  of 
undecomposed  barium-salt  (Bum  as  and  St  as).  The  palmitic  acid  thus  obtained 
still  requires  to  be  freed  from  stearic,  myristic,  and  launc  adds,  which  are  produced 
at  the  same  time.    (Heintz.) 

The  £itty  adds  obtained  by  saponifying  fats,  or  by  heating  with  potash-lime,  and 
decomposing  the  soaps  (and  freed  from  oleic  acid  by  the  method  already  described,  iii. 
474),  admit  of  sepioation  into  two  distinct  portions — ^inasmuch  as  when  they  are 
dissolved  in  hot  alcohol,  a  mixture  of  the  more  difflcultlv  fusible  adds  containing  a 
high  percentage  of  carbon,  especially  palmitic,  stearic,  and  likewise  arachidio  add,  if 
present^  crystallises  out  on  cooling ; — and  by  pressing  the  crystals,  moistening  with 
alcohol,  and  again  pressing,  they  may  be  obtained  sepaiatelv,  while  a  smaller  portion 
of  the  same  acids,  together  with  the  more  easily  fusible  mynstic  and  lauric  acids,  re- 
mains in  solution,  and  may  be  separated  by  methods  already  described  (iii.  474, 
1070). 

When  the  &ts  contain  no  adds  with  a  higher  percentage  of  carbon  than  palmitic  acid, 
and  more  espedally  no  stearic  or  arachidic  add,  or  only  small  quantities  thereof,  they  may 
be  crystallised  from  alcohol  until  the  crystals  melt  at  62°,  and  are  then  to  be  examined 
as  to  theirpurity  by  the  method  eiven  at  p.  1070,  vol.  iii.  In  the  contraiy  case,  the  whole 
of  the  acids  are  dissolved  in  such  a  quantity  of  alcohol,  that  nothing  crystallises  out  on 
cooling ;  the  solution  is  precipitated  two  or  three  times  with  a  quantity  of  acetate  of 
magnedum  equal  to  about  ^th  of  the  fatty  adds ;  and  the  successive  precipitates 
are  separated  by  filtering  ana  pressing.  These  predpitates  contain  the  whole  of  the 
stearic  add,  provided  the  fat  does  not  contain  too  large  a  quantity  of  it,  together 
with  a  relativdy  small  quantity  of  palmitic  add.  The  mother-liquors,  diluted  with  a 
laige  quantity  of  hot  water,  and  left  to  cool,  depodt  the  palmitic  add,  which  is  col- 
lected, examined  as  to  its  puritv,  and  purified  eitiier  by  reciystallisation  from  alcohol, 
or  by  again  predpitating  it  with  small  portions  of  acetate  of  magnedum  (Heintz) 
In  a  later  process  Hdntz  predpitates  the  sodium-salt,  instead  of  the  alcoholic  add, 
with  acetate  of  magnesium,  in  the  manner  above  describod. 

For  the  older  methods  of  preparation,  whereby  the  so-aalled  matgaric  add  was 
obtained,  together  with  stearic  and  oleic  adds,  see  Gmdin'e  Handbooi,  xvi  866. 

Properties, — ^Palmitic  add  is  a  colourless  solid  body  without  taste  or  smdl,  lighter 
than  water.  It  is  insoluble  in  water,  but  dissolves  abundantly  in  boiling  alcohol  or 
ether.  The  solutions  are  add,  and  when  concentrated,  solidify*  in  a  mabs  on  cooling. 
When  dilute  they  yield  the  add  in  tufts  of  slender  needles.    It  melts  at  62°  ana 
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solidifies  on  cooling  in  a  mass  of  shining  naereons  laminae.  According  to  Fr^y, 
palmitie  acid  idiich  has  been  heated  to  250®,  crystallises  from  alcohol  in 'small  Tery 
hard  crystals. 

Palmitic  acid  niay  be  melted  together  with  laurio  and  myristie  acids.  In  certain 
proportions  the  mixtures  are  not  separable  by  crystaUisation  from  alcohol  or  ether : 
they  exhibit  the  following  characters  on  melting  and  solidifying  (Heintz) : 


A  mixture  of— 

MelUat 

Mode  of  Solidifying. 

Palmitic  acid.   Laurie  acid. 

10 
20 
30 
40 
50 
60 
70 
80 
90 

90 
80 
70 
60 
59 
40 
30 
20 
10 

41-60 
371<> 
88-3<» 
401O 
47-0<> 
51-20 
54-5° 
57-40 
69-89 

Unciystallised. 
Finely  ciystallised,  indistinct. 
Small-leared,  crystalline. 
Splendid  large  laminse. 
Opaque,  scarcely  crystalline. 
Granular,  distinctly  scaly. 
More  distinctly  scaly. 
Still  more  distinctly  scaly. 
Crystalline  scales. 

A  mixture  of— 


Palmitic  acid. 


95 
90 
80 

70 

60 

50 

40 

35 

32-5 

30 

20 

10 


Mjriitic  acid. 


5 

10 
20 

30 

40 

50 

60 

65 

67-5 

70 

80 

90 


Melti  at 


611° 
601<> 
58" 

54-90 
51-50 
47-80 
470 

46-50 
46-20 
46-20 
49-50 
51-80 


Solid!  fles 

at 


58° 

53-50 

5130 
4950 
45-30 
4370 


Mode  of  Solidifying. 


Crystalline  scales. 

f»  If 

Scales  with  slight  admixture  of 

needles. 
Very  delicate  needles. 
Uneyen,  uncrystalUsed. 
Larpe  lamine. 
Indistinctly  lamellar. 


•        • 

Unciystallised,  opaque. 

440 

It          "      i» 

43-70 

it               i> 

4130 

UncrystalUsed. 

4530 

Long  needles. 

A  mixture  of  30  per  cent,  myristic  and  70  per  cent,  laurie  acid  melts  at  35'10 ; 
and  when  to  20  parts  of  this  mixture,  from  1  to  100  parts  palmitic  acid  are  added,  the 
meltinff-points  oi  the  resulting  mixtures  are  altered,  according  to  Heintz,  as  follows :  — 
On  addition  of, 


Palmitic 

The  meltlog 

add. 

point  Is^ 

1  part 

33-90 

2    » 

3310 

3    „ 

82-20 

*    » 

82-70 

6    .. 

33-70 

Palmitic 
add. 

6  parts 

7 

8 

9 

10 


n 


tf 


tt 


Tlie  moltlDg 

point  is— 
34-60 

35-30 

360 

S7-80 

88-8O 


The  mixtures  with  9  and  10  parts  palmitic  acid  solidify  in  delicate  needles,  the 
others  uncrystallised.    (Heintz.) 

For  the  mode  of  solidifying  of  mixtures  of  palmitic  and  stearic  adds,  see  Stbabig 
Acid. 

The  composition  of  palmitic  acid  is  as  follows : 

Brodie. 


CaiculaUom.  1Pt%idj,  Steohouse.  Schwari.  Stbamer.  Varreo. 

C»«     IM       7»*0       74-8          74-54          74*9            74-4»  745J'  74*97 

H»      39       19*A       12*4           19*48           19*6             19-W  lS-98  19*46 

OS        89        19*5       13*8           19*96           12-6             18*09  13*88  19-57 


HelnU. 

1- 


956      lOOrO      100-0 


10(HX> 


100*0 


100-00 


100H» 


100-00 


100*00 


74*88 

i2*eo 

19*69 
100-08 


Palmitic  acid  heated  in  a  dish  boils  and  evaporates  without  residue  (Dumas  and 
Btas).    On  distillation  it' passes  over  almost  entirely  unchanged,  giving  off  only  a 
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little  oil  and  leaTing  (Pr^my)  a  slightly  coloured  residiie,  which  melts  at  72°,  and 
probably  cohsists  of  palmitone  (Maskelyne) ;.  the  melting  point  of  the  distillate  is 
lowered  from  58^  to  57^,  and  the  percentage  of  carbon  somewhat  increased  (Schwars), 
but  after  recrystallisation,  the  acid  remains  unaltered.    (Fr^my.) 

When  gentiy  heated  in  contact  with  the  air,  it  is  but  slightly  altered,  but  at  higher 
temperatures  it  takes  fire  and  bums  with  a  bright  smol^  flame  Uke  other  fats.  It 
absorbs  ozone  but  slowly,  eyen  in  presence  of  an  sBcali,  much  of  the  acid  remaining  un- 
altered even  after  exposure  for  sereral  weeks  to  ozonised  air.  Carbonic  acid  is  formed 
in  the  oxiilation,  but  no  other  acid.    (Gorup-Besanez«  Ann.  Ch.  Pharm.  cxxv.  215.) 

Palmitic  acid  is  not  attacked  by  chlorine  at  ordinary  temperatures,  but  at*  100^ 
hydrochloric  is  evolved  and  oily  substitution-products  are  formed. — ^Distilled  with  Umef 
either  anhydrous  or  hydrated,  it  yields  palmitone  and  carbonate  of  calcium.  (Piria. 
Maskelyne.) 

2C'«H»0«       =       C»»H"0     +     C0«     +     H«0 

It  is  not  altered  by  heating  to  275°  with  potash-lime  in  a  closed  yessel ;  if  air  be  ad- 
mitted, a  little  butyric  acid  is  formed,  with  separation  of  charcoal,  but  the  greater  part 
of  the  palmitic  acid  remains  unaltered  (Heintz).  When  palmitic  acid  is  heated  to 
low  redness  with  excess  of  potash-Ume,  gaseous  and  liquid  olefines  are  produced. 
(Cab ours,  Compt  rend.  xxxi.  142.) 
Palmitic  acid  heated  with  alcohols  form  compound  ethers. 

Palmitates.  The  formula  of  the  neutral  palmitates  is  C^^H^MO*  (or  perhaps, 
C*B««M*0*)  for  monatomic,  and  C^H^M^O*  for  diatomic  metals.  The  alkali-metals 
also  form  acid  palmitates  analogous  to  the  acid  acetates,  butyrates,  &c,  having  the 
composition  C»«H"MO»  C'«H«0*,  or  rather  C"H"MO*.  the  adds  of  the  series  C-fl«-0* 
being  most  probably  dibasic.  The  neutral  palmitates  of  potassium  and  sodium  are 
soluble  in  water  and  in  alcohol ;  all  the  rest  are  insoluble.  The  insoluble  neutral 
palmitates  are  obtained  by  precipitating  the  solutions  of  the  corresponding  metallic  salts 
with  an  alcoholic  solution  of  palmitate  of  potassium  or  sodium. 

An  acid  palmitate  of  ammonium,  probably  CH''(NH*)0*,  is  deposited  from  solutions 
of  palmitic  acid  even  in  a  large  excess  of  ammonia ;  it  is  insoluble  in  cold  water.  (Fr  ^my.) 

Potassium-salts,  The  neutral-salt,  C*'H**KO',  obtained  by  meltins  palmitic 
acid  with  carbonate  of  potassium  and  exhausting  with  boiling  alcohol,  crystallises  from 
the  alcoholic  solution  in  white  pearly  scales,  fusible  without  decomposition  or  loss  of 
weight.  It  dissolves  in  a  small  quantity  of  water,  but  is  decomposedby  a  large 
quantity;  perfectly  soluble  in  alcohol,  insoluble  in  ether. — The  acid  salt,  C**H"KO*,  is 
precipitated  on  mixing  a  solution  of  1  pt.  of  4Jie  neutral  salt  in  20  pts.  boiling  water 
with  1000  pts.  cold  water.  By  dissolving  the  dried  precipitate  in  boiling  alcohol,  and 
leaving  the  solution  to  cool,  the  acid  salt  is  obtainea  in  small  pearly  scales.  Water 
added  to  the  alcoholic  solution  precipitates  a  more  highly  acid  salt  (Chevreul). 
8chwarz,  by  saponifying  palm-oil  with  potash,  and  crystallising  the  soap  from  alcohol, 
obtained  an  acid  potassic  palmitate  in  nodules  which  melted  at  100°. 

Sodium-salts.  The  neutral  salt,  CH'^NaO*,  prepared  like  myristate  of  sodium 
(iii.  1072),  forms  broad  pearly  laminse  more  easily  decomposed  by  water  than  the 
potassium-salt  (Dumas  and  Stas).  According  to  Heintz,  it  separates  from  alcoholic 
solution  in  the  form  of  a  jelly,  which,  on  standing  with  a  sufficient  quantity  of  alcohol, 
changes  to  colourless  laminsB.  The  add  salt,  C^H^NaO^,  obtained  by  dissolving  the 
neutral  salt  in  1500  pts.  hot  water  and  leaving  the  solution  to  cool,  is  white,  tasteless, 
more  fusible  than  the  neutzal  salt^  insoluble  in  water,  easily  soluble  in  hot  alcohol. 
(ChevreuL) 

The  barium-salt,  CWBaTO*,  is  a  white,  pearly,  crystalline  powder,  which  decom- 
poses before  melting.  The  magnesium-salt,  C'*H*'Mg^O^  is  a  snow-white,  loose 
crystalline  precipitate,  which  dissolves  in  boiling  alcohol,  and  crystallises  almost  com- 
pletely on  cooling,  in  microscopic  rectangular  laminie. 

The  copper-salt,  C^H^Cu^O*,  is  a  pale  green-blue,  very  loose  powder,  composed 
of  microscopic  laminae.  It  melts,  when  heated,  to  a  green  liquid  which  rapidly  decom- 
poses. The  lead-salt,  C"H**Pb''0*,  forms  snow-white  microscopic  scales,  which 
melt  at  108°  (Maskelyne),  between.llO°  and  112°  (Heintz),  and  solidify  to  a  white 
opaque  amorphous  mass.  By  heating  this  salt  or  the  acid  with  basic  acetate  of  lead, 
basic  palmitates  of  lead  are  obtained.  The  silver-salt,  CH'^AgO',  is  thrown  down 
from  cold  solutions  as  a  somewhat  gelatinous  precipitate,  which  is  bUckened  by  light  in 
the  moist,  but  not  in  the  dry  state  (Varrentrapp).  It  appears  amorphous  even 
when  highly  magnified  (Heintz).  It  dissolves  slightly  in  water  (Varrentrapp). 
From  a  solution  in  warm  aqueous  ammonia  it  separates  in  indistinct  scales,    (v.  Borck.) 

VA&Mmo  MTHTOi  a.  Containing  the  alcoholic-radides  C"H^''''. — Metk- 
fflic  Palmitate,  C"H*'0*  i-  G>«H*'(CH")0<,  obtained  by  heating  palmitic  add  with 
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methylic  alcohol  is  a  sealed  tube  to  200^ — 260^,  fomu  erystalB  which  melt  at  28^  and 
solidify  at  22^    (Berthelot) 

Ethylio  Palmitate,  Palmitie  or  Ethalie  ether,  C««H»»0«  -  C»«H«(C«H»)0«,  is 
obtained  b^  passing  hydrochloric  acid  gas  into  a  saturated  alcoholic  solution  of 
palmitic  acid  (Fr^my,  Heintz);  also  by  heating  palmitic  acid  with  ethylic  alcohol 
to  200^—250^,  or  with  ethylic  ether  to  360^  (Berthelot).  It  crystallises  in  prisms, 
melta  at  24*2^,  and  solidifies  in  a  foliated  mass  on  cooling.  When  crystallised  nom  an 
alcoholic  solution  at  6^  to  10^,  it  forms  long  flattened  needles. 

AmylicPalmitate,C»m*K)*  -  C'«H"(C»H»)0*,  is  obtained  by  similar  processes; 
also  when  palmitin  is  boiled  with  amylic  alcohol  containing  amylate  of  sodium  (Duffy, 
Chem.  Soc  Qn.  J.  v.  314).  It  is  soft^  non-crystalline,  and  melts  at  9^ (Berthelot) ; 
atl3-6o     (Duffy.) 

Cetylic'Palmitate,  (ym^O*  =  C»«H»»(C»«H»)0*  constitutes  the  principal  part 
of  the  solid  portion  (cetin)  of  spermaceti.     

Myrieylie  Palmitate,  C*^»K)«  »  C»«H«(C»H")0«,  is  contained  in  considerable 
quantity  in  the  portion  of  bees-wax  which  is  insoluble  in  boiling  alcohol  (see  Mtiucik, 
ui  1069). 

^  Palicitatbs  of  Gltobbyl  or  Palvitins.  Palmitic  acid  forms  three 
compounds  with  glycerin,  yiz. : 

Monopalmitin,  G^H'H)*  »  ^nitniint^*  ^  ohtained  by  heating  a  mixture  of 

glycerin  and  palmitic  add  to  200°  for  24  hours.  It  forms  radiating  colourless  prisms, 
melts  at  58^,  and  distils  in  the  barometric  Tacuum  without  alteration.  Heated  in  con- 
tact with  the  air,  it  yields  acrolein.  It  dissolves  readily  iu  ether.  It  is  saponified  by 
oxide  of  lead,  yielding  glycerin  and  palmitic  acid. 

Dipalmitin,  G^H^'O*  ■■  q/qi«hiio\s C ^*  ^  produced  by  heated  palmitie  acid 

and  glycerin  together  to  100^  for  14  hours.  It  forms  colourless  tables  or  needles,  which 
melt  at  50°,  yield  acrolein  when  heated  in  the  air,  and  bum  without  residue.  It  is 
rapidly  saponified  by  oxide  of  lead  at  100°. 

Tripalmitifif  C^^H^^O'  »  /G**H"OyC^'  ^  obtained  by  heating  a  mixture  of 

1  pt.  monopalmitin  and  10  pts.  palmitic  add  to  260°  for  28  hours.  It  is  solid,  melts  at 
60°,  solidifies  at  46°,  and  is  saponified  by  oxide  of  lead. 

Natural  palmitin,  occurring  in  the  &ts  which  yield  palmitic  (or  margaric)  add, 
by  saponification,  is  isomeric,  if  not  identical,  with  tripalmitin.  It  is  ciystallisable, 
sparingly  soluble  in  alcohol,  and  dissolves  in  all  proportions  in  ether.  According  to 
Duffy  {loe.  cit),  it  exhibits  three  distinct  mating  points,  viz.  46°  61'7°  and  62-8°, 
corresponding  to  three  different  physical  modifications  (see  Gltckbidbs^  ii.  879).  It 
solidifies  at  46-6° 

Palmitin  exists  in  palm-oil,  Japan  wax  (Sthamer),  hmnan  fkt  (Heintz),  and 
coii^-berries  (R  o  c  h  1  e  d  e  r).  It  is  extracted  from  palm-oil  by  pressure,  and  the  residue 
is  washed  with  boiling  alcohol,  and  crystallised  several  times  fiK>m  ether. 

y,  Pauotatb    of   MAmnrri..      JHpalmittMnannUan,    Manmte  numo-palmitunie, 
(G«H«)'«  ) 
G**H''0^  -i  (Gi<HiO)*  lO*.    To  prepare  this  compound,  palmitic  add  is  heated  with 

mannite  in  a  sealed  tube  to  120°  ibr  15  to  29  hours,  and  the  fatty  layer  whidi  floats  on 
the  surface  and  solidifies  on  cooling,  is  melted  in  a  water-bath,  mixed  with  a  little 
ether  and  with  excess  of  slaked  lime,  heated  for  10  minutes  to  100°,  and  then  ex- 
hausted with  ether.  If  the  product  obtained  by  evaporating  the  ethereal  solution 
reddens  litmus,  in  must  be  once  more  treated  with  ether  and  lime. 

Mannitic  palmitate  is  a  solid,  white,  neutral  mass,  resembling  palmitin,  and  separat- 
inff  ^fiom  ether  in  microscopic  crystals.  It  melts  to  a  wax  when  heated  on  platinum- 
foO,  and  volatilises  almost  undeoomposed,  charring  only  towards  the  end ;  the  residue 
bums  away.  Water,  at  240°,  decomposes  it  in  a  few  hours  into  mannitan  and  palmitie 
add.  Insoluble  in  water,  soluble  in  ether.  (Berthelot^  Ann.  Ch.  Phys.  [3]  xlvii. 
823.) 


See  Pauotatbs  of  Gltcbktl  (p.  334). 

0"H<*0     -    ^^^(  £^Aa2oii«.  (Piria»Gomptzend.xxziv. 

140;  Haskelyne,  Ghem.  Soc  Qu.  J*  viii  1.) — ^Tha  acetone  or  ketone  of  palmitie 
add.  It  was  first  obtained  by  Bussy,  who  called  it  maryarone,  but  his  product  was 
probabW  mixed  with  stearone.  To  prepare  it,  palmitic  add  is  distilled  with  excess  of 
dsked  Gme  (Piria),  or  with  one-fourth  of  its  weight  of  quicklime (Ma«kelyne),  and 
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the  prodact  is  purifled  bj  repeated  cryatallisation  from  boiling  aloohoL  It  fornui  small, 
white,  pearly  scales  or  laminie ;  melts  at  84^,  and  solidifies  at  80^  to  a  highly  electric 
mass  (Maskeljne).  It  dissolves  in  tdcohol,  with  greater  facility  as  the  alcohol  is 
stronger  (F i r i a).    Easily  soluble  in  benzene.    (Maskelyne.) 

It  resists  the  action  of  nitrio  acid  and  oi  potash-ley,  bnt  is  attacked  and  blackened  by 
nitrosulphurio  acid  (Maskelyne).  It  does  not  unite  with  acid  suiphites  of  alkali' 
metals,    (Limpricht,  Ann.  Pharm.  xcir.  246.) 


[O  AGD*  An  acid  of  doubtful  composition,  said  by  Schwars 
(Ann.  Ch.  Pharm.  Iz.  6S)  to  be  produced  when  palmitic  acid  is  kept  in  a  state  of  ^ion 
for  a  long  time  in  contact  with  toe  air.  Schwarz  supposes  that  under  these  circum- 
stances a  portion  of  the  carbon  and  hydrogen  of  the  palmitic  add  is  removed  by 
oxidation,  and  an  acid  is  left  having  the  composition  CiT*'  O*  or  G"H*K)\  (For  a 
description  of  this  supposed  acid  and  its  Balta^  see  Handtoorterbuch  d,  Chem,  vL  36.) 


C>«H"0.— The  hypothetical  radicle  of  palmitic  acid  and  its  de- 
rivatives.    The  same  term  is  sometimes,  but  improperly  apphed  to  oetyl,  G**H". 


or  P  AiTiM-BUTTIUU  This  fat,  which  in  the  fresh  state  consists 
mainly  of  tripalmitin  with  a  small  quantity  of  olein,  is  obtained  from  the  fruit  of  certain 
kinds  of  palm,  Cocas  butyracea  according  to  some  authorities,  Avoira  elais  according  to 
others ;  it  is  imported  fi^om  Cayenne  and  the  coast  of  Guinea.  It  has  the  consistence 
of  butter,  an  orange  odour,  and  an  odour  somewhat  like  that  of  violets.  The  fresh  oil 
melts  at  27^,  but  as  it  gets  stale,  the  melting  point  rises  to  31^  and  even  to  36°,  in 
consequence  of  the  resolution  of  the  neutral  &ts  into  glycerin  and  fatty  adds.  Old 
palm-oil  usually  contains  a  considerable  quantity  of  free  palmitic  acid,  the  decom- 
position being  induced,  according  to  Felouze  and  Boudet,  by  the  presence  of  a 
peculiar  ferment.  It  gives  off  acid  vapours  when  heated  to  140^  and  above,  and  at 
800°  it  boils,  emitting  the  odour  of  acrolein,  and  yielding  a  distiUate  of  fat^  adds 
(Fohl^.  It  dissolves  in  strong  sulphuric  acid,  and  the  solution  on  standing  deposits 
palmitic  acid  (Fr6my).  It  dissolves  slowly  and  incompletely  in  cold  alcohol  but 
mixes  in  all  proportions  with  ether ;  dissolves  in  oil  of  turpentine  and  oil  of  almonds, 
with  separation  of  flocculent  matters.  (G-uibourt^  J.  Chim.  m^  i  177. — Henry, 
J.  Pharm.  li.  241.) 

Palm-oil  is  extensively  used  in  the  manufacture  of  soap  and  candles,  also,  mixed 
with  tallow  and  a  certain  portion  of  caustic  soda,  for  making  railway  grease  (see 
Richardson  and  Watts' s  Chemical  Technology,  voL  i  pt  3,  p.  742).  For  the  latter 
purpose  the  crude  yellow  oil  is  used,  but  for  soap  and  candle  making  the  colour  must 
be  removed.  The  bleaching  may  be  effected  by  various  processes,  viz. :  by  the  action 
of  chloride  of  lime,  of  oxygen  derived  from  peroxide  of  manganese  and  sulphuric  add, 
or  from  bichromate  of  potash  and  sulphuric  add ; — by  heating  the  oil  in  a  dose  vessel 
to  110°  C.  f230®  F.)  by  means  of  high-pressure  steam;  or  to  100°  C.  (212°  F.)in  open 
vessels,  so  tnat  it  mav  be  exposed  to  the  action  of  air  and  light.  This  last  is  the  most 
economical  of  all  methods  of  bleaching  palm-oil,  and  has  almost  entirely  superseded  the 
(Hhers.    It  is  carried  out  as  follows : 

Several  very  large  square  or  flat  boxes  or  cisterns  are  prepared,  either  constructed 
simply  of  wood,  or,  better,  lined  with  lead.  These  boxes,  which  are  twelve  inches  deep, 
and  are  furnished  at  the  bottom  with  a  serpentine  leaden  tube  in  connection  with  a 
jsteam-boiler,  must  be  so  situated  as  to  admit  of  the  fr^e  access  of  air  and  Ught^  After 
they  have  been  filled  up  to  the  height  of  eight  inches  with  water,  pahn-oil  is  introduced 
in  si^cient  quantity  to  form  a  layer  two  inches  deep  after  Deing  melted  by  the 
admission  of  the  steam,  the  current  of  which  must  be  regulated  so  as  to  afford  a 
uniform  temperature  of  100°.  At  the  expiration  of  ten  or  fifteen  hours,  the  colour  is 
destroyed,  the  length  of  time  required  depending  very  much  on  the  power  of  the  sun's 
rays.  Palm-oil  might  perhaps  be  advantageously  bleached  by  the  tropical  sun  of 
Africa,  before  its  importation  mto  Europe.  The  bleaching  may  also  be  accelerated  by 
blowing  air  through  the  melted  oil.  The  method  of  bleaching  with  chromate  of  potas- 
sium and  sulphuric  add  is  more  expeditious  than  that  just  described,  but  it  is  also 
much  more  expensive.  The  oil,  even  after  being  subject^  to  the  most  effective  pro- 
cess of  bleaching,  still  retains  a  slight  yellowi^  hue,  but  this  colour  is  no  longer  per- 
ceptible in  the  soap  made  from  it..  (For  fmrther  details  see  Chemical  Technology^  vol  i. 
pt.  2,  p.  410 ;  also,  Ur^s  Dictionary  of  Arts,  &c.,  p.  iii.  290.) 


The  juice  of  various  kinds  of  palm  yields  a  saccharine  matter 
from  which  cane-sugar  may  be  extracted.  In  Java,  a  black  very  hygroscopic  sugar  is 
'obtained  firom  the  j uice  of  Arenga sacehartfera  and  of  Saguerus  Rumphii,  £erthelot, 
(Compt.  rend.  xIvl  1276)  has  extracted  cane-sugar  from  the  lattej.  The  so-called 
Ingar  or  Lontar  sugar  of  India  is  prepared  from  the  flower-stalks  of  BorassusfiabeU\fer  ; 
it  ifi  likewise  hygroscopic,  and  is  said  to  be  puigative  when  taken  in  large  quantity. 
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Cera  de  PalToa. — ^This  wax  is  the  prodnce  of  CeroxyUm  andicola^ 
a  species  of  palm  indigenous  in  the  tropical  regions  of  America.  The  entire  stem  of 
the  tree,  which  is  two  feet  thick  and  fifty  feet  high,  is  covered  with  a  layer  of  wax ; 
this  is  removed  by  scraping,  and  purified  with  hot  water,  in  which  it  does  not  melt, 
but  collects  in  a  soft  state  on  the  sui&ce.  It  is  mixed  with  a  little  tallo'V  to  render  it 
leas  brittle,  and  formed  into  baUs,  in  which  state  it  is  sent  into  commerce ;  it  is  used  in 
South  America  for  making  candles. 

Palm  wax  unmixed  witn  tallow  is  dark  yellow,  somewhat  translucent,  and  has  a 
eonchoi'dal  fracture.  It  becomes  strongly  electric  by  friction,  melts  at  a  temperature 
somewhat  above  the  boiling  {x>int  of  water,  and  takes  fire  at  a  somewhat  higher  tem- 
perature, burning  with  a  bright  smoky  fiume.  It  dissolves  graduaUy  but  completely 
in  caustic  alkalis.  It  is  likewise  soluble  in  ether,  and  the  solution  when  left  to  evapo- 
rate deposits  the  wax  in  crystals  resembling  carbonate  of  sodium.  Hot  alcohol  resolves 
it  into  two  distinct  substances,  a  true  wax  and  a  resin.  The  former  separates  as  a 
jelly  from  the  cooling  alcoholic  solution,  and  may  be  freed  from  adhering  resin  by  re- 
peated solution  in  aloohoL  It  then  melts  below  the  boiling  point  of  water,  and  closely 
resembles  bees-wax  in  colour,  and  also  in  composition,  as  seen  by  the  following  com- 
parison: 
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The  resin,  called  ceroxylin,  is  obtained  by  evaporating  the  alcoholic  liquor  from 
which  the  jelly  has  been  deposited,  first  to  two-thirds,  whereupon  a  little  more  wax 
separates  from  it,  then  to  one-fourth,  when  the  resin  separates  as  a  shining  crystalline 
mass  containing  83*4  per  cent  carbon,  11*5  hydrogen,  and  5*1  oxygen,  agreeing  with 
the  formula  CT'^HP^O,  which  is  also  that  of  elemi-resin.  Its  melting  point  is  above 
100^.  In  the  fused  state  it  has  the  colour  of  amber,  and  splits  in  s&  directions  as  it 
cools.    It  is  soluble  in  ether  and  in  volatile  oils. 

Wax  is  likewise  obtained  from  some  other  species  of  palm.  The  leaves  of  tKe 
Gamauba  palm  {Corypka  cerifera\  a  native  of  northern  Brazil,  are  coated  with  a  thin 
layer  of  wax,  which  peels  off  as  they  dry.  It  is  very  brittle,  easily  pulverised,  melts 
at  83*5^,  dissolves  in  boiling  alcohol  and  ether,  and  separates  as  a  crystalline  mass  on 
cooling.    Lewy  found  in  it  80*4  per  cent  carbon,  13-1  nydrogen,  and  6'5  oxygen. 

According  to  Teschemacher,  considerable  quantities  of  palm-leaves,  probably  of 
the  dwarf  palm  {Chamaropa  humilis),  are  imported  into  the  United  States  from  Cuba 
aod  the  other  West  Indian  islands,  for  the  use  of  hatters.  These  leaves  are  also  coated 
with  a  thin  layer  of  wax.  Teschemacher  obtained  from  a  single  leaf,  by  scraping  with 
the  finger,  90  grains  of  white  pulverulent  wax,  and  by  exhaustion  with  alcohol,  300 
grains  more  of  a  somewhat  grey  colour.  This  wax,  when  treated  with  a  small  quantity 
of  alcohol,  is  resolved  into  two  unequally  soluble  constituents. 

VA3UIB- W  U  Jk  An  alcoholic  beverage,  prepared  by  fermentation  of  the  saccha- 
rine juice  of  certain  palms.  In  Amboina,  the  juice  of  Arenga  aaccharifera  is  usikI  for 
this  purpose.  Palm-wine  is  likewise  obtained  from  Sagus  raphia,  Mattritia  vintfera, 
Phcmix  dactyliferaj  Cocoa  nitc\fera,  and  others.  In  South  America  an  intoxicating 
drink,  called  Pulga  or  Pulque,  is  prepared  from  the  juice  of  Fourortea  adorata. 

Syn.  with  Tbtba-iiiidbitb. 

JUIOB.  A  clear,  ropy,  colourless  fluid,  free  from  special  mor- 
phological constituents,  of  no  particular  odour,  with  a  distinctly  alkaline  reaction, 
flowing  from  the  pancreas  into  the  upper  part  of  the  duodenum,  and  of  great  use  in 
digestion.  The  quantity  secreted  during  a  given  time  varies  exceedingly,  and  depends 
mainly  on  the  amount  of  food  present  in  the  alimentary  canal.  The  percentage  of 
total  solids  also  varies  greatJv  (from  2*3 — 9*9  for  dogs) ;  in  general,  the  aensity  of  the 
liquid  ia  in  inverse  ratio  to  the  rapidity  with  which  it  is  secreted.  Pancreatic  juice 
decomposes  very  speedily  at  the  orainary  temperature,  and  then  becomes  rose-coloured 
on  the  addition  of  chlorine ;  a  reaction  which  is  lost  at  a  later  stage  of  decomposition. 

In  the  case  in  which  the  total  solids  amoxmted  to  9*924  pAr  cent.,  the  salts  were 
'886  per  cent.,  and  consisted  chiefly  of  chloride  of  sodium  (-736  per  cent),  sulphates 
of  sodium  and  potassium,  phosphates  of  sodium,  calcium  and  magnesium,  and  carbonate 
of  calcium,  with  traces  of  iron. 

The  greeU^r  part  cf  the  organic  matter  may  be  thrown  down  b^  alcohol  as  a  white 
flaky  precipitate,  which,  when  separated  by  filtration  and  dried,  is  easily  redissolved 
in  water.     Heat  (72°),  mineral  acids,  tannin,  &c,   also  produce  precipitates.     The 

Vol.  I^^  Z 


338  PAPAVERINE. 

aqueous  Bolation  of  the  aloohol-precipltate  exhibits  all  the  powers  of  the  original  se- 
cretion, and  has  been  o&Ued  Pancreatin.  It  is  probably,  howerer,  a  mixture, 
consifiting  principally  of  some  protein-substance  allied  to  casein.  Cohnheim  has 
separated  from  it  a  body,  lacking  protein  characters,  but  converting  starch  into  sugar 
with  great  energy,  and  Danilewskv  (Virch.  Arch.  zxt.  279)  attempts  to  show  the 
existence  of  three  special  "ferments.  He  makes  a  pancreatic  infiision  by  rubbing  up 
with  sand  and  cold  water  the  pancreas  of  a  dog  killed  six  hours  after  a  meal,  and 
filtering ;  the  filtrate  acts  on  starch,  albumin,  and  fats.  Magnesia  is  added  in  excess, 
and  the  fluid  again  filtered ;  the  filtrate  acts  on  starch  and  aJbumin,  but  not  at  all  on 
fat.  To  this  second  filtrate  is  carefully  added  one-third  its  volume  of  collodion,  and 
the  mixture  is  well  shaken,  the  ether  being  allowed  to  evaporate.  The  precipitate, 
which  is  granular  and  not  lumpy  if  the  experiment  has  been  well  performed,  is  separated 
by  filtration.  The  new  filtrate  acts  upon  starch,  but  not  on  albumin.  The  precipitate 
is  washed  with  spirit,  treated  with  a  mixture  of  alcohol  and  ether,  and  filtered.  The 
undissolved  portion  is  washed  with  ether,  dissolved  in  water,  and  again  filtered.  The 
filtrate,  whicn  gives  no  decided  protein  reaction,  has  no  action  on  starch ;  but,  when 
possessing  a  feebly  alkaline  reaction,  readily  dissolves  fibrin.  Pancreatic  juice  abo 
contains  extractive  matters,  and  some  fat.  Leucine,  in  company  with  tyrosine,  is 
found  abundantly  in  the  substance  of  the  gland,  and  has  also  been  detected  in  the 
secretion.  M.  F. 


C«»H"NO«.     (G.  Merck  [1850],  Ann.  Ch.  Pharm.  Ixvi.  125  ; 

Ixxiii.  60.— Anderson,  ibid.  xciv.  216;  aluo  Edinb.  Phil.  Trans,  xxi.  Pt.  1.)— An 
alkaloid  existing  in  opium.  It  may  be  obtained  by  precipitating  the  aqueous  extract 
of  opium  with  soda;  treating  the  precipitate,  which  consists  for  the  most  part  of 
morphine,  with  alcohol ;  evaporating  the  brown  tincture ;  treating  the  residue  with  a 
dilute  acid;  and  precipitating  the  filtered  solution  with  ammonia.  A  brown  resinous 
matter  is  thereby  thrown  down,  containing  a  considerable  quantity  of  papaverine;  and 
on  dissolving  this  resin  in  dilute  hydrochloric  acid,  adding  acetate  of  potassium,  which 
precipitates  a  dark  coloured  resin,  washing  this  precipitate  with  water,  treating  it  with 
Doilinff  ether  and  leaving  the  ethereal  extract  to  cool,  papaverine  separates  in  the 
crystalline  form.     (Merck.) 

A  simpler  method  is  to  dry  the  resin  precipitated  by  ammonia  on  the  water-bath,  and 
mix  it  with  an  equal  weight  of  alcohol,  whereby  an  unctuous  mass  is  formed,  which 
solidifies  after  a  while  in  a  crystalline  magma;  press  this  product;  recr^^stuUise  it 
from  alcohol ;  and  decolorise  it  with  animal  charcoal.  The  papaverine  thus  obtained 
still  contains  narcotine,  to  separate  which  it  is  treated  with  hydrochloric  acid  and 
crystallised,  and  thereupon  the  hydrochlorate  of  papaverine,  being  sparingly  soluble  and 
easily  crystallisable,  separates,  and  the  whole  of  the  narcotine  may  be  extracted  by 
cold  water.     (Merck.) 

Anderson  prepares  papaverine  from  the  mother-liquor  of  the  preparation  of  narcotine. 
(See  Opium,  p.  209.) 

Papaverine  crystallises  from  alcohol  in  colourless  acicular  ciystals  confusedly 
grouped.  It  is  insoluble  in  water,  sparingly  soluble  in  ether  and  alcohol  at  ordinary 
temperatures,  more  readily  with  the  aid  of  heat.  The  solutions  blue  reddened  litmus 
paper.  It  is  particularly  characterised  by  assuming  a  deep  blue  colour  when  strong 
sulphuric  acid  is  poured  upon  it.  It  does  not  appear  to  be  poisonous;  indeed  it  may  be 
swallowed  in  considerable  quantity  without  producing  any  particular  effect.  Its  com- 
position is  as  follows : — 
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When  papaverine  is  boiled  for  some  time  with  peroxide  of  manganese,  sulphuric  acid 
and  water,  the  liquid  acquires  a  brown  colour,  and  after  some  hours  deposits  crystalline 
fiakes.    (Merck.) 

Nitric  acid  dissolves  papaverine  without  decomposing  it ;  but  on  mixing  the  solution 
with  excess  of  strong  nitnc  acid,  red  vapours  are  evolved,  the  liquid  acquires  a  deep 
red  colour,  and  orange-coloured  crystals  are  deposited,  consisting  of  nitrate  of 
nitropapaverine,  C~H»(NO»)NO«.HNO». 

Bromine-water  added  drop  by  drop  to  papaverine,  forms  a  precipitate  which  redis- 
Bolves  at  first,  but  afterwards  becomes  permanent:  it  consists  ofhydrobromate  of 
bromopapaverine,  C^'IP'BrNO^HBr. 

Alcoholic  tincture  of  iodine  added  to  an  alcoholic  solution  of  papaverine,  forms  &fter 
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a  while  small  ciyfitals  of  an  iodide  of  papaverine,  containing  2C^H"N0M'; 
and  the  mother-liquor  yields  hy  eraporation  crystals  of  another  iodide  containing 
2C*»H2'NO*.r».     (Anderson.) 

Papaverine  heated  with  four  times  its  weight  of  soda-litne  gives  off  a  volatile  alkali, 
probably  tritylamine  or  ethylamine.     (Anderson.) 

Heated  with  iodide  of  ethyl  in  a  sealed  tube  it  does  not  yield  an  ethylated  base,  but 
merely  hydriodate  of  papaverine,  and  apparently  alcohol  or  ether.    (How.) 

Salts  of  Papavebinb. — ^The  hydrockloratef  C"^H**N0*.HC1,  is  obtained  by  dissolv- 
ing the  alkali  in  dilute  hydrochloric  acid,  and  adding  an  excess  of  acid ;  it  is  then 
precipitated  as  an  oil  which  gradually  solidifies  in  large  hemihedral  crystals  belonging 

to  the  trimetric  system.  Observed  combination :  ooP  .  Poo  ~-  Inclination  of  the 
faces,  odP  :  ooP  -  80°;  f  oo  :  too    =  129^'  20';  froo  :     -    «   149<>  16'. 

The  chloroplatinate,  2C»»H"N0*.H«Cl«.Pt'^Cl«,  is  a  yeUow  precipitate  insoluble  in 
water  and  in  alcohoL 

The  sulphate  is  uncrystallisable.  The  nitrate  cannot  be  prepared  with  nitric  acid, 
because  the  least  excess  tends  to  form  a  substitution-compound,  as  above  mentioned ; 
but  it  is  obtained  by  precipitating  nitrate  of  silver  with  the  hydrochlorate. 

VAPY&XV  or  Vegetable  Parchment.— A.  tough  substance  produced  by  the  action 
of  sulphuric  acid  on  unsized  paper.     (See  Cellttlosb,  i.  819.) 

(co^yi 

VASABAVZO  AOI1>.    C'H^H}<     «       (COX'>'N^     Oxalyl-earbamide  or  Ox- 

hO 

alyl'Urea.  Carbonyl-oxamide.  (Liebig  and  Wohler,  Ann.  CJL  Pharm.  xxvi.  286.) 
— ^An  add  formed :  1.  By  the  action  of  oxidising  agents  on  alloxan  (i.  136) : 

C*H*N«0*     +     0      «      CH'N^O*     +     C0«. 

2.  Together  with  alloxantin,  by  the  spontaneous  decomposition  of  alloxan  (Bau  m  er  t, 
Pogg.  Ann.  ex.  93) : 

3C*H*N*0*      -      C«H<N<0'     +     C»H«N«0»     +     C0«. 

According  to  Heint2  (Pogg.  Ann.  cxi.  436)  both  the  alloxantin  and  the  parabanic 
acid  suffer  further  decomposition,  the  former  gradually  taking  up  oxygen  and  repro- 
ducing alloxanic  acid,  while  the  latter  is  first  converted,  by  assumption  of  water,  into 
oxaluric  acid,  and  then  into  oxalic  acid  and  urea,  and  the  urea  ultimately  into  carbon- 
ate of  ammonium. 

8.  Together  with  guanidine  and  small  quantities  of  xanthine,  urea  and  oxaluric  acid, 
by  the  action  of  hypochlorous  acid  on  guanine.     (Str  ecker,  ii.  961.) 

It  is  usually  prepared  by  dissolving  1  pt.  of  uric  acid  in  8  pts.  of  warm  moderately 
strong  nitric  acid,  evaporating  to  a  syrup  and  cooling :  it  then  ciystallises  out^  and 
may  be  purified  by  twice  recrystaUising  from  water. 

Parabanic  add  forms  thin,  transparent,  colourless,  six-sided  prisms,  which  have  a 
very  acid  taste,  and  redden  litmas  paper  (Liebig  and  Wohler).  The  crystals 
are  monoclinic,  exhibiting  the  combination  +  P  .  —  P  .  oP  .  +  Poo .  -  Poo .[  ooPoo  ]. 
Batio  of  principal  axis,  clinodiagonal  and  orthodiagonal  «  1  :  0*6646  :  0*4783.  Angle 
of  the  inclined  axes  -  81-39'.  Angle  -  P  :  -  P  (clinod.)  =  120''  62';  oP  :  -  Poo 
-  129°  18*;  -  Poo  :  -I-  Poo  -  113°  11';  oP :  +  Poo  »  117^  42'.  Cleavage  easy 
parallel  to  [  odPoo  ].  (Schabus,  Jahresb.  1864,  p.  470 ;  1862,  p.  359 ;  see  also  v.  Bath, 
ibid,  1860,  p.  326.) 

Parabanic  acid  is  easily  soluble  in  tvateVf  and  does  not  efQoresce  in  the  air.  When 
heated  to  100^  it  becomes  reddish;  at  a  stronger  heat  it  melts  and  partly  sublimes; 
partly  decomposes,  giving  off  hydrocyanic  add.  Its  aqueous  solution  is  not  decomposed 
Dy  boiling.  When  the  aqueous  solution  is  boiled  with  ammonia  (or  other  alkalis)  it 
takes  up  water  and  is  converted  into  oxaluric  acid,  CH*N*0*.  With  anhydrous 
' ammonia  parabanic  acid  appears  to  form  oxaluramide  (p.  277) ;  and  when  heated  with 
am^tiM  it  forms  phenyl-oxaluramide :  C«H«N«0«  +  C'H'N  »  C»H»N»0*.  (Laurent 
and  Gherhardt) 

The  only  known  salt  of  parabanic  acid  is  the  silver-salt,  C"Aff*N'0",  which  is 
obtained  as  a  white  precipitate  when  aqueous  parabanic  acid  is  added  to  nitrate  of 
silver  (Liebig  and  Wohler).  The  aqueous  acid  mixed  with  nitrate  of  silver 
and  a  little  ammonia,  yields  a  predpitate  containing  2C*Ag^'NK)*.H'0,  which  becomes 
anhydrous  between  130^  and  140^    (Strecker.) 

Afethyl-parabanieacid,C*R^K>*    -       (CO)").N«.— This  is  the  compound 

H.CH") 
which  Dessaignes  obtained  by  heating  the  base  C'H'*N'0'  (produced  by  the  action 
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of  nitroTiB  acid  on  creatinine^  with  hydrochloric  add.    It  is  probably  also  formed  by 
the  action  of  baiyta  on  creatine  at  the  boiling  heat  (ii.  102). 

(C«0«r) 
Bimethyl-parahanio    acid,    C»H«NH)»     «       (CO)* VN«.— This  componnd, 

(CH»)«3 
already  described  as  choUiirophane  {i,  026),  called  also  nitroiheine  by  Stenhonse, 
is  the  final  prodnct  of  the  action  of  chlorine  or  nitric  acid  npon  caffeine  (Rochleder). 
It  may  be  produced  directly  firom  parabanic  acid  by  4ieating  the  dry  silver-salt  of  that 
acid  with  iodide  of  methyl  to  100^  for  twenty-four  hours.  It  crystallises  from  hot 
water  in  laminae  havinff  a  silvery  lustre.  (Strecker,  Ann.  Ch.  Pharm.  cxviii.  151 ; 
Jahresb.  1861|  p.  628.) 

(C*0«)") 
JDiphenyl'parabanio  acid,  C^H'^NW     -       (OOr^N*.— Produced  by  treat- 

(C«H»)«) 
ing  a  boiling  alcoholic  solution  of  dicyanomelaniline  or  of  melanozimide  (p.  286)  with 
an  aqueous  add : 

C»H»«N»     +     8H«0     +     8HC1      =       C?»H"N«0«     +     8NH*C1; 

Dicyanomel-  DipbenyU 

auiUne.  parabanic  acid. 

C»»H"N«0«  +     H*0       +     Ha        -      C»»H>«NK)»     +     NHK31. 

Melanoximlde. 

Biphenyl-parabanic  acid  crystallises  in  needles,  is  insoluble  in  water,  but  easily  sol- 
uble in  alcohol  and  in  ether.  By  boiling  with  potash  it  is  resolved  into  carbonic  acid, 
oxalic  add  and  phenylamine.    (Hofmann,  Proc.  Roy.  Soc.  xi  275.) 

Cyanamide  forms  with  2  at  cyanogen  a  yellow  amorphous  body,  C*H*N*  (  »  NH'(CN) 
+  CKN*),  analogous  to  dicyanomelaniline,  and  it  might  have  been  expected  that  this 
body  when  heated  with  aqueous  acids  would  yield  parabanic  add  by  a  reaction  similar 
to  the  above,  namely : 

C»H«N*     +     8H«0     +     Ha       -      C«fl«NW     +     2NH*a; 

but  the  product  actually  obtained  is  altogether  different    (H  o  f  m a  n  n.) 

PASABBVZBVBorParoftmjro/.  (Church,  Pha Mag.  [4] xiii.  415;  xviii.  522.)— 
A  hydrocarbon  isomeric  with  benzene  (L  541),  occurring,  together  with  the  latter  and  its 
homologues,  in  light  coal-tar  oiL  When  purified  by  rectification  it  boils  at  97 '5''  (ben- 
Eene  at  80'4°,Kopp) ;  does  not  solidify  at  —20°  (benzene  solidifies  at  0°) ;  has  a  faint 
alliaceous  odour,  less  pleasant  than  that  of  pure  benzene.  Treated  with  nitric  add  of 
spedfic  gravity  1*5,  it  yidds  a  nitro-compound  which  appears  to  be  identical  with  ordi- 
nary nitrobenzene ;  and  with  a  mixture  of  strong  nitric  and  sulphuric  acids,  a  dinitro- 
compound,  agreeing  in  compodtion  and  properties  with  dinitrobenzene.  Treated  with 
4  vols,  of  fuming  sulphuric  acid,  it  forms  a  sulpho-acid  isomeric  but  not  identical  with 
sulpho-benzolic  add,  inasmuch  as  its  barium-salt^  C"H*'Ba''S'-'0*,  is  obtained  onl^  as  a 
gummy  mass  exhibiting  no  trace  of  crystallisation,  insoluble  in  ether,  veir  slightly 
soluble  in  alcohol ;  the  copper-salt,  C'H^'Cu'S'O*  (at  100°X  is  a  very  soluble,  trans- 
lucent, amorphous  bluish  mass ;  and  the  free  add  separated  from  the  salt  by  sulphuretted 
hydrogen  crystallises  with  difficulty  in  prisms  which  are  but  slightly  deliquescent ; 
whereas  the  barium-salt  of  ordinary  sulpho-benzolic  add  crystallises  in  nacreous  1am- 
iuse ;  the  copper-salt  in  crystals  which  are  less  soluble  in  water  than  the  isomeric  salt, 
and  become  anhydrous  only  at  170° ;  and  the  free  add  forms  deliquescent  crystals. 
The  ammonium-salt  of  parasulpho-benzolic  add  when  subjected  to  distillation  yields 
parabenzene  with  all  the  properties  above  mentioned. 

y  il  R 11  WROHf  Jl  TiTPg.  C^HBr*0. — ^A  compound  isomeric  with  bromal  (i.  666), 
produced  by  gradually  adding  bromine  to  wood-spirit  contained  in  a  retort,  through  a 
funnel  tube  reaching  to  the  bottom  of  the  liquid.  Two  layers  of  liquid  then  collect  in 
the  receiver,  the  upper  consisting  of  aqueous  hydrobromic  acid,  while  the  lower,  which 
is  oily,  solidifies,  after  washing  with  water  and  exposure  to  the  air,  to  a  mass  of  colour- 
less crystals  of  parabromalide,  which,  when  purified  by  pressure  between  paper  and 
recrystallisation  from  strong  alcohol,  forms  colourless  rhombic  prisms  with  four-dded 
summits.  It  has  a  spedfic  gravity  of  3*107,  melts  at  67°,  begins  to  decompose  at  200° 
with  separation  of  bromine  and  hydrobromic  acid,  and  decomposes  completely  at  a 
hieher  temperature,  leaving  a  copious  residue  of  charcoal.  It  is  insoluble  in  water, 
soluble  in  strong  alcohol  and  in  chloroform.  By  dilute  potash  it  is  decomposed,  like 
bromal,  yielding  bromoform  and  acetate  of  potassium.  Alcoholic  ammonia  acts  upon  it 
in  a  similar  manner,  but  when  heated  with  it  to  100°  in  a  sealed  tube,  gives  rise  to  a 
more  complicated  reaction,  the  liquid  containing,  besides  formate  of  ammonium,  the 
products  of  the  action  of  alcoholic  ammonia  on  bromoform,  and  a  brown  powder,  pro- 
bably impure  cyanhydrin.    (Gloez,  Ann.  Ch.  Pharm.  cxi.  178.) 
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yASABBOXOlKA&ZZC  ACZB.    See  Malbic  Acid  (iii.  788). 
PAXACACOBT&ZC    OZZ9&      See    OxiDB    OF    Cacodyl,    under  Absbnic- 

SADICLES,  OSOANIC  (i.  407). 

yASACAJPITTEirB.     See  Cajfutbmb.(L  711). 

PASACAMVBOSZC  ACZO.    Syn.  with  Iiyactiyb  Cahphobic  Acid  (i.  730). 

PASACARTBAMZir.  This  name  is  giyen  by  Stein  (R^p.  Chim.  pure,  ▼. 
108;  Jahresb.  1862,  p.  500;  1863,  pp.  561,  596)  to  a  red  substance  allied  to  carth- 
amine,  produced  by  the  action  of  sodium-amalgam  on  rutin.  It  is  turned  green  by 
alkalis  and  by  neutral  acetate  of  lead,  the  red  colour  being  restored  by  acids.  Para- 
carthamin  appears  also  to  be  contained  in  the  red  bark  of  dog- wood  (Cbrnv«  aanguinea), 
in  the  young  bark  of  certain  kinds  of  acacia,  in  the  blackberry,  in  the  red  sterile  shoots 
of  Ewphorbia  cyparissias,  and  in  the  layer  of  the  willow-stem  between  the  pith  and 
the  bark. 


1.  Fr^my  applies  this  name  to  that  modification  of  cellulose 
which  does  not  dissolve  in  an  ammoniacal  solution  of  cupric  oxide  till  it  has  been  sub- 
jected to  the  action  of  acids,  alkalis,  or  other  reagents,  restricting  the  term  cellulose 
to  that  variety  which  is  immediately  soluble  in  that  liquid.  Both  varieties  of  cellulose 
are  soluble  in  boiling  potash-ley.  The  utricular  tissue  forming  the  medullary  rays  of 
wood  consists  of  paracellulose.  Fr^my  regards  these  modifications  of  cellulose  as 
essentially  distinct.  Pay  en,  on  the  other  hand,  is  of  opinion  that  there  is  but  one  kind 
of  cellulose,  chemically  speaking,  and  that  the  dififerences  observed  in  the  reactions  of 
cellulose  from  different  sources  are  due  to  differences  of  aggregation,  or  to  the  presence 
of  inorganic  subst^ncee.  [SeeFr^my,  Compt.  rend,  zlviii.  202,  275,  325,  362,  862; 
xlix.  561 ;  Eep.  Chim.  pure,  i.  270,  357,  433,  602;  J.  Pharm.  [3]  xxvi.5.— Payen, 
Compt.  rend.  xlviiL  319,  328,  772,  893 ;  R6p.  Chim.  pure,  i.  269,  359,  434 ;  also 
Jahresb.  1859,  pp.  529,  541.] 

See  PiNAcoNB. 


C*HC1"0*. — A  substance  isomeric  with  chloral  (i.  880), 
produced  by  the  action  of  chlorine  on  pure  anhydrous  wood-spirit  in  diffused  day-light 
The  containing  vessel  should  be  cooled  at  first.,  but  to  complete  the  reaction  a  gentle 
heat  is  required,  so  that  the  product  may  distil  over  in  an  atmosphere  of  chlorine. 
The  oily  portion  of  the  distillate  is  then  to  be  mixed  with  an  equal  volume  of  strong 
sulphuric  acid,  and  after  24  hours'  contact,  distilled  from  oxide  of  lead  in  an  atmosphere 
of  carbonic  anhvdride. 

Parachloralide  is  a  pungent-smelling  liquid  resembling  chloral.  Specific  gravity 
l'576o  at  14^.  Boils  at  182^,  and  volatilises  almost  without  residue.  It  is  distin- 
guished from  chloral  by  its  insolubility  in  water,  and  its  higher  boiling  point  (chloral 
boils  at  98*6°,  Kopp).  With  fixed  alkalb  and  alcoholic  ammonia,  it  reacts  like 
parabromalide.     (Cloez,  Ann.  Ch.  Pharm.  cxi.  178;  Jahresb.  1859,  p.  434.) 

VASACBAOBOBSnOZC  ACZA.  C'H^CIO*.  CMorodracylie  acid ( Wi  1  b  r a n  d 
and  Beil stein,  Ann. Ch.  Pharm.  cxxviiL  257;  BeilsteinandSchlun,  ibid,  cxxxiii. 
242). — An  acid  isomeric  with  chlorobenzoic  acid,  produced,  together  with  hydrochlorate 
of  paraozybenzamic  acid,  by  the  action  of  hydrochloric  acid  on  azo-paraoxybenzamic 
ada  (p.  352).  It  is  a  crystalline  body,  which  melts  at  236° — 237°,  and  sublimes  in 
scales  resembling  naphthalene,  at  a  temperature  very  near  its  melting  point  Normal 
chlorobenzoic  acid,  ootained  from  benzoic  acid  or  its  derivatives,  or  from  hippnric  or 
cinnamic  acid  (compounds  capable  of  yielding  benzoic  acid),  melts  at  152°  or  153°,  and 
sublimes  in  needles ;  chlorcnalylic  acid  (called  parachlorobenzoic  acid  at  page  556y  vol. 
i.),  produced  by  the  action  of  pentachloride  of  phosphorus  on  salicylic  acid,  melts  at 
137°  and  forms  a  calcium-salt  containing  2  at.  water  (C'*H'*Ca"0*.2HH)),  whereas  the 
calcium-salt  of  ^e  parachlorobenzoic  acid  just  described  contains  3  at  water,  like  that 
of  normal  chlorobenzoic  add. 

PABACZT&ZO  ACZB.    Syn.  with  AcoNino  Acid. 

PABAOO&UlK8ZTa«  A  mineral  found  at  Taunton,  Massachusetts,  in  black 
grains,  which  melt  easily  before  the  blowpipe  to  a  black  glass,  form  a  yellow-browii 
glass  with  borax,  and  are  decomposed  by  sulphuric  acid,  with  evolution  of  hydrofluoric 
acid  and  separation  of  a  white  powder.  The  mineral  is  said  to  contain  iron  and  uranium, 
but  no  titanium.     (Shephard,  Sill.  Am.  J.  ii.  xii.  209 ;  Banana  Mineralogy,  ii.  501.) 

PAXACTTAVZC  ACIB.  This  name  is  applied  to  several  brown  products,  of 
uncertain  composition,  resulting  fifom  the  decomposition  of  cyanogen  or  some  of  its 
compounds,  in  presence  of  water.  They  are  partially  soluble  in  water,  and  when 
heated  give  off  hydrocyanic  add  and  ammonia,  leaving  a  mixture  of  dharooal  and 
paracyanogen. 


842  PARACYANOGEN— PARAFFIN. 


A  boown  or  black  substance  uomeric  or  polymeric  vith 
cyanogen,  which  remains  in  small  quantity  when  the  latter  is  prepared  by  heating 
cyanide  of  mercury  (ii.  275).  To  obtain  it  pure,  however,  it  is  necessary  to  use  perfectly 
dry  cyanide  of  mercury,  since,  if  moisture  is  present,  a  certain  quantity  of  ammonia  is 
produced,  and  the  paracyanogen  is  contaminated  with  free  carbon. 

When  pure  paracyanogen  is  calcined  in  a  gas  which  does  not  act  upon  it^  such  as 
nitrogen  or  carbonic  anhydride,  it  is  completely  converted  into  cyanogen,  without 
leaving  any  carbonaceous  residue.  Paracyanogen  heated  in  a  current  of  chlorine,  gives 
off  a  considerable  quantity  of  white  fumes  having  a  suffocating  odour,  which  condense 
on  the  cold  parts  of  the  apparatus  in  the  form  of  a  white  sublimate  soluble  in  water. 

When  cyanide  of  silver  is  gently  heated,  it  melts  without  decomposing;  but  on 
raising  the  temperature,  cyanogen  is  given  o^  and  at  a  certain  moment,  the  evolution 
of  gas  becomes  violent,  and  the  whole  mass  exhibits  incandescence.  A  light  grey 
residue  is  then  obtained,  possessing  the  metallic  lustre  and  amounting  to  90  per  cent,  of 
the  original  salt.  This  residue  is  not  pure  silver,  inasmuch  as  it  still  gives  off  cyanogen 
at  a  higher  temperature,  and  dilute  nitric  acid  extracts  silver  from  it,  leaving  a  brown 
substance  still  containing  40  per  cent,  of  silver. 

According  to  Thaulow  (J.  pr.  Chem.  xxxi.  226),  cyanide  of  silver  when  heated 
gives  off  only  half  its  cyanogen  (1  grm.  yielding  from  48  to  50  cub.  cent,  of  the  gas). 
The  residue  partly  amalgamates  with  mercury,  whence  it  appears  to  be  a  mixture  of 
metallic  silver  and  paracyanide  of  silver,  (For  further  details,  see  GmdirCa  Handbook^ 
xi.  371.) 

r.    C"H"0^ — ^A  product  of  the  decomposition  of  digita- 


losin  by  dilute  sulphuric  acid  (ii.  330). 

PAXABZPBOBPBOmuVK-COMVOUimS.     See  Phosfhobtjs-bises. 

ACZB.    Syn.  with  Bxtfigaixio  Acid. 

The  colourless,  crystalline,  fatty  substance  known  by  this  name  is 
the  solid  portion  of  the  mixture  of  oily  hydrocarbons  produced,  together  with  a  variety 
of  other  substances,  in  the  dry  or  destructive  distillation  of  various  organic  bodies,  and 
of  bituminous  minerals,  at  temperatures  not  exceeding  a  low  red  heat.  It  also  occurs 
as  a  constituent  of  many  varieties  of  petroleum  or  mineral  oil,  associated  with  liquid 
hydrocarbons  similar  to,  if  not  identical  with,  those  contained  in  the  tar  produced 
by  destructive  distillation.  Native  paraffin  in  a  solid  state  occurs  also  in  the  coal 
measures  and  other  bituminous  strata,  constituting  the  minerals  known  as  fossil-wax, 
hatchettin,  ozocerite,  &c.  As  a  product  of  destructive  distillation,  it  was  discovered 
in  1830  by  Beichenbach,  who  obtained  it  first  from  wood-tar;  then  from  animal 
tar,  and  lastly  from  coal-tar  made  by  distillation  at  a  temperature  below  full  red  heat 
As  a  constituent  of  petroleum  it  was  discovered  about  the  same  time  by  Christison, 
who  obtained  it  from  Rangoon  petroleum,  and  described  it  under  the  name  oipetroline. 
Ettling  also  obtained  it  by  distilling  wax  with  lime,  and  in  1833  Laurent  obtained 
it,  together  with  liquid  hydrocarbons,  by  distilling  bituminous  shale  at  a  temperature 
not  exceeding  a  low  red  heat.  It  has  since  been  extracted  abundantly  both  from  the 
tar  obtained  by  distilling  coal,  bituminous  shale,  lignite,  and  peat,  at  a  moderate  heat> 
as  well  as  from  many  varieties  of  petroleum  or  mineral  oil,  and  its  preparation  now 
forms  a  part  of  one  of  the  most  extensive  and  important  branches  of  manu&cturing 
industry. 

The  substance  known  as  paraffin  does  not  possess  any  chemical  individuality,  but  is 
more  probably  a  mixture  of  several  hydrocarbons,  just  in  the  same  manner  that  the 
liquid  oil  generally  associated  with  paraffin  in  petroleum,  and  always  produced  together 
with  it  in  destructive  distillation  below  full  red  heat,  is  a  mixture  of  several  homo- 
logous hydrocarbons.     (See  Petroleum.) 

The  paraffin  of  commerce,  when  pure,  is  a  solid,  colourless,  translucent  substance, 
perfectly  inodorous  and  tasteless,  somewhat  resembling  spermaceti  It  has  a  density 
of  about  0*870 ;  melts  at  from  45°  to  65*^  C,  forming  a  colourless  oU,  which  solidifies 
to  St.  lami no-crystalline  mass.  It  boils  about  370°,  and,  when  cautiously  heated,  vola- 
tilises without  much  decomposition.  It  does  not  absorb  oxygen  from  the  air  at  ordinary 
temperatures,  does  not  burn  easily  in  the  mass,  but  from  a  wick  it  bums  with  a  very 
bright  flame.  It  is  insoluble  in  water,  soluble  in  2'85  pts.  of  boiling  alcohol^  but 
separates  completely  on  cooling  in  snow-white  needles,  which  are  soft,  friable,  and 
greasy  to  the  t>ouch.  It  is  much  more  soluble  in  efker  and  in  oils.  It  is  but  slowly 
attacked  by  strong  stt/phuric  acid  even  at  temperatures  above  100°,  not  at  all  by  dilute 
nitric  acid  ;  but,  when  heated  for  some  time  with  strong  nitric  acid,  it  is  stated  to 
yield  succinic  acid  together  with  a  small  quantity  of  butyric  acid.  Chlorine  does  not 
act  upon  it  at  ordinary  temperatures,  but^  according  to  iBolley  (Ann.  Ch.  Pharm.  cvi, 
230),  chlorine  passed  into  melted  paraffin  attacks  it  slowly,  forming  a  hard  but  easily 
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fusible  Bubstitotion-pToduct,  wliich  he  caUs  cMoraffin.     Altogether  paraffin  is  a  very 
stable  and  indiffisrent  substance :  hence  its  name  (&om  parum  affinis). 

The  production  of  paraffin  and  of  the  liquid  hydrocarbons  ~known  by  the  names  of 
eupiofu^  photogen,  paraffin  oil^  &c. — ^which  accompany  it  in  the  tar  or  oily  product  of 
destructive  distillation,  was  shown  by  Reichenbach  to  be  a  constant  result  of  carbon- 
isation, or  the  decomposing  action  of  heat  upon  all  organic  substances  and  minerals  of 
organic  origin,  such  as  coal,  &c  (Joum.  f.  Ch.  Phys.  Ix.  280).  He  also  showed  that, 
in  order  to  obtain  the  largest  possible  amount  of  these  products  firom  any  particular 
material,  the  most  essential  condition  was  the  limitation  of  the  temperature  within 
such  a  degree  that  the  vapour  of  the  products  resulting  from  carbonisation  should  not 
suffer  further  decomposition  of  such  a  nature  as  to  give  rise  to  the  production  of  a 
large  amount  of  permanent  gas^  naphthalene,  soot,  &c.  (Joum.  f.  Ch.  Phys.  Ixi.  182). 
The  extreme  limit  of  temperature  to  be  applied  in  the  destructive  distillation  of  coal, 
&c.,  for  the  purpose  of  obtaining  paraffin  and  the  oily  products  allied  to  it,  was  ascer- 
tained by  him  to  be  incipient  redness,  or  a  low  red  heat,  beyond  which  temperature  he 
showed  that  a  secondary  decomposition  of  those  products  of  true  carbonisation  took 
place  {ibid,  Ixiii  229).  Consequently  he  pointed  out  that  the  precautions  to  be  observed 
in  conducting  destructive  distillation,  with  the  object  of  producing  paraffin  and  those 
oils,  consisted  in  raising  the  heat  gradually,  and  never  allowing  the  sides  of  the  retort 
to  attain  a  red  heat  {ibid.  Ixi.  178,  Ixviii.  229). 

The  amount  of  paraffin  contained  in  the  tar  produced  by  destructive  distillation 
below  a  full  red  heat,  is  always  veiy  small  in  proportion  to  the  liquid  hydrocarbons 
mixed  with  it.  These  latter  often  constitute  from  70  to  80  per  cent  of  the  crude  tar 
by  weight,  while  the  paraffin  rarely  amounts  to  5  per  cent.,  and  more  frequently  to  only 
1  or  2  per  cent.,  according  to  the  material  distilled.  This  crude  tar  also  contains  a 
pitchy  oil  heavier  than  water,  together  with  carbolic  acid  and  its  homologues,  picoline, 
and  other  basic  oils,  &c.  The  amounts  of  these  several  constituents,  and  of  hydro- 
carbons contained  in  such  tar,  vary  very  considerably  according  to  the  material  from 
which  it  is  obtained,  and  determine  its  value  for  the  purpose  of  the  refiner.  Tbe 
physical  characters  of  such  tar  also  differ,  according  to  the  proportions  of  these  con- 
stituents ;  sometimes  it  is  quite  solid — peat-tar — more  generally  it  is  liquid  at  the 
ordinary  temperature,  or  at  most  thick — shule-tar,  coal-tar.  Its  specific  gravity  varies 
from  upwards  of  0'900  to  0-840. 

The  tar  thus  obtained  from  shale  or  coal  differs  essentiallv  in  every  respect  from  the 
tar  obtuned  in  the  ordinary  process  of  gas  making,  in  which  the  coal  is  subjected  to  a 
bright  red  heat,  though  some  kinds  of  tar  from  gas-works,  in  which  the  ricner  cannel 
coals  are  used,  not  unfrequently  contain  paraffin  and  probably  some  paraffiin  oil,  which 
have  escaped  decomposition  by  reason  of  the  abundance  of  volatile  products  given  off. 
In  such  tar,  however,  these  substances  are  always  mixed  with  naphthalene,  homologues 
of  benzol,  pitch,  &c.,  so  that  they  cannot  be  conveniently  separated  from  these  latter  and 
purified.     (See  Tab.) 

The  composition  of  paraffin  from  several  sources  is  shown  in  the  following  table :  a. 
From  Boghead  coal ;  melting  at  45*5®,  and  solidifying  after  fusion  in  a  crystalline 
niass. — b.  From  the  same ;  melting  at  52^,  solidifving  in  a  granular  mass. — c.  From 
Rangoon  tar ;  melting  at  61^. — d.  From  peat ;  meltmg  at  46*7°.  —e.  From  Chinese  wax, 
ceroUne  (i.  836)  ;  melting  at  67°or  68°.— /.  From  beeswax,  melene  (iii  868);  melting 
at  62°. 

AnHrmon.*  Drodle.f 

/ * ^ 

a.  b.  c.  d. 

. » ^ 


Carbon  85-1         85 0  to  85*3       8515       84-95     85-23       84*60     8520       85-31 

Hydrogen  15-1  to  153         154  15-29       1505     15*16       14*39     1423       14*44 

Paraffin  has  been  usually  regarded  as  an  olefine  or  mixture  of  olefines  of  high  atomic 
weight;  but  the  formula  of  these  bodies  C^H^  requires  85*71  per  cent,  carbon,  which  is 
considerably  above  that  in  most  of  the  preceding  analyses.  The  analytical  results  are 
in  fact  more  nearly  represented  by  the  formula  of  one  of  the  higher  homologues  of 
marsh-gas,  C^'H^,  for  example,  requiring  85*2  per  cent  carbon,  which  agrees  exactly 
with  the  second  of  Brodie*s  analyses  of  cerotene  or  Chinese  wax  paraffin,  and  CH.*^ 
requiring  85-3  per  cent,  carbon,  which  agrees  with  the  analysis  of  melene  or  the  paraffin  of 
common  bees- wax.  Hence  it  is  more  probable  that  pandOln  is  a  homologue  or  mixture 
of  several  homologues  of  marsh-gas  of  high  atomic  weight  This  view  of  its  constitution 
is  also  in  accordance  with  its  chemical  indifference,  the  alcoholic  hydrides  C^H^***' 
being  especially  characterised  by  the  feebleness  of  their  combining  tendencies.  These 
hydrides  when  treated  with  chlorine  do  not  unite  with  it  like  the  olefines,  but  yield 

•  R^p.  Brit  Amoc  1846.    Notices  and  Abstracts,  p.  49 ;  Jahretb.  1857.  p.  480. 
f  rhil.  Mag.  tS]  xxxiii.  178. 
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gnbfltitutioD-prodnctfl,  which  is  likewise  the  case  with  the  paniBn  examined  by  Bollej 
(vid.  sup.)  and  with  Brodie's  cerotene  and  melene.  MoreoTer,  paraffin  appeals  to  he 
closely  related  to  the  hydrocarbons  CH^'*''  in  its  mode  of  formation ;  it  is  associated 
with  these  bodies  in  petroleum,  especially  in  that  of  PennsylTania^  which  has  been 
shown  to  contain  the  whole  series  from  maish-gas  up  to  solid  hydrocarbons  (paraffins) 
of  7ery  high  atomic  weight  (iii.  181) ;  and  in  the  decomposition  of  coal,  &C|  the  con- 
dition most  favourable  to  the  production  of  paraffin,  namely,  distillation  at  &  compara- 
tively low  temperature,  is  likewise  that  which  ^ieldiB  the  hydrides  of  ethyl,  amyl,  &c^ 
in  largest  quantity.  For  all  these  reasons  it  is  most  probable  that  paraffin  is  an 
alcoholic  hydride  or  a  mixture  of  several  alcoholic  hydrides  of  the  manh-gas  series 
C»H««+*.» 

Paraffin  is  susceptible  of  several  useful  applications.  As  it  bums  with  a  bright 
flame,  and  is  very  bard  when  its  melting  point  is  above  45^  C,  it  makes  exodlent 
candles.  It  is  also  largely  used  as  a  substitute  for  sulphur  for  dipping  matches,  and 
Br.  Stenhousehas  patented  its  application  to  woollen  cloths  to  increase  their  strength 
and  make  them  waterproof.t  More  extensive  however  are  the  uses  of  the  oils  produced 
simultaneously  with  solid  paraffin  by  the  distillation  of  coal,  &c,  at  low  temperatures, 
and  existing  with  it  in  petroleum.  These  oils,  doubtless  consisting  in  great  part  of 
members  of  the  paraffin  or  marsh-gas  series,  differ  greatly  in  density  and  boiling  point, 
AS  met  with  in  commerce  under  the  names  of  eupione,  photogen,  paraffin  oil,  solar  oiC 
&c. ;  some  of  them  hold  paraffin  in  solution  and  deposit  it  at  low  temperatures.  They 
are  extensively  used  for  burning  in  lamps,  and  to  some  extent  for  lubricating 
machinery. 

The  more  volatile  of  these  oils  baring  a  density  of  0*800  to  0*830  are  peculiarly  well 
adapted  for  artificial  illumination,  as  they  consist  of  hydrocarbons  free  from  oxygen, 
and  therefore  produce  flame  rich  in  incandescent  carbon.  Hence  with  a  properiy 
regulated  supply  of  air,  these  oils  produce  s  more  brilliant  light  than  that  obtaineii  by 
the  consumption  of  an  equal  amount  of  animal  or  vegetal  oils  which  generally  contain 
a  considerable  amount  of  oxygen. 

The  least  volatile  of  these  oils  which  have  a  density  above  0*860  would  be  safer  than 
many  of  the  fat  oils  in  use  for  lubricating,  inasmuch  as  they  do  not  absorb  oxygen,  and 
consequently  cannot  undergo  spontaneous  combustion  when  smeared  on  cotton  waste ; 
but  unfortunately  these  oils  generally  possess  but  little  body,  and  are  therefore  far  less 
efficient  lubricants  than  fat  oils,  so  that  they  can  only  be  used  when  mixed  with  the 
latter.  In  this  way  however  they  are  Tery  serviceable  in  rendering  fat  oils,  like  rapo 
and  cotton-seed  oils,  [which  become  gummy  by  exposure  to  air,  more  suitable  for 
use  as  lubricants  than  they  would  be  alone.  The  presence  of  paraffin  dissolved  in 
these  hydrocarbon  oils  has  been  erroneously  stat«d  to  render  them  £ood  lubricants ;  but 
that  is  not  the  case,  in  fact  the  presence  of  paraffin  is  rather  a  disadvantage  than  other- 
wise, since  the  oils  containing  it  are  liable  to  solidify  on  the  journals  of  machinery  at 
temperatures  little  below  60°  F. 

Reparation  of  paraffin, 

1.  From  wood'tar. — Keichenbach  extracted  paraffin  from,  wood-tar  by  distilling  it 
and  collecting  apart  the  denser  portion  of  the  oil  which  passed  over  towards  the  end  of 
the  operation,  redistilling  this  and  collecting  the  distillate  in  separate  fractions.  On 
cooling  the  least  volatile  portion  of  this  distillate,  paraffin  crrstallised  out  in  scales 
which  could  be  separated  by  filtration  and  freed  from  adhering  oil  by  pressure 
between  folds  of  unsized  paper.  Or  this  portion  of  the  distillate  was  shaken  with  six 
or  eight  times  its  bulk  of  alcohol  (36^  Beaume,  86  per  cent.)  whereby  the  liquid  oil 
was  dissolved  and  a  thick  mass  of  paraffin  scales  precipitated,  which  were  collected  on 
a  filter-cloth,  washed  with  alcohol  until  almost  colour^ss,  and  then  ciystallised  from 
solution  in  boiling  alcohoL    (Joum.  f.  Ch.  Phys.  lix.  437.) 

2.  From  coal-tar,  in  the  production  of  which  the  necessary  precautions  as  to 
temperature  and  gradual  heating  had  been  observed,  Keichenbach  extracted  paraffin 
by  distilling  the  crude  coal-tar,  and  collecting  the  thick  oil  constituting  the  second 
half  of  the  distillate,  apart  from  the  more  volatile  thin  liquid  oil  forming  the  first  half 
of  the  distillate.  By  exposing  this  least  volatile  portion  of  the  coal-tar  oil  to  a  winter 
temperature,  paraffin  crystallised  out  in  laminae,  and  after  separating  a  further  portion 
of  oil  by  another  fractional  distillation,  solid  paraffin  was  obtained  by  treating  the  thick 
honey-like  portion  distilling  over  last  with  idcohol  as  above  described.  To  purify  this 
paraffin  it  was  agitated  for  a  time  with  about  twice  its  bulk  of  concentrated  sulphuric 
acid  at  from  90^  to  100°  C,  after  which  the  paraffin  separated  on  the  surface  as  a  ooLovx- 

*  The  word  '*  piiraAn  *'  might  be  conrenlently  used 'as  a  graeric  name  for  the  hfdroearbons  of  this 
soriM,  mar«h-g«s  being  called  meihplie  partj/ln  •  hydride  of  ethjl,  eikgUe  part^ffln  g  Brodie's  cerotene, 
eerotic  'pan{jfflm,  Ac. 

t  Specillcailons,  ISfiS,  Nos.  fiS  and  IM. 
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less  liquid  which  solidified  on  cooling.  This,  after  ctjstallisation  from  alcohol,  -was 
considered  by  Reichenbach  to  be  pure  paraffin,  so  far  as  the  state  of  chemistry  at  that 
time  permitted  him  to  judge  (Joum.  f.  Ch.  Phys.  bd.  274-277,  279).  A  more  easy 
method  of  extracting  paraffin  recommended  by  Beichenbach  consisted  in  separating 
the  liquid  oil  and  concentrating  the  paraffin  as  far  as  possible  by  repeated  fractional 
distillation,  then  shaking  the  semi-solid  mixture  of  oil  and  paraffin  with  from  one  fourth 
to  one  half  its  bulk  of  concentrated  sulphuric  acid,  added  in  successive  small  portions, 
and  digesting  this  mixture  at  60^  C.  until  paraffin  separated  on  the  surface,  or  else  dis- 
tilling it.     (Joum.  f.  Ch.  Phys.  bd.  283-287.) 

Manvfacture  of  Paraffin  Oil  and  Paraffin, — ^Although  the  application  of  oily  pro- 
ducts of  destructire  distillation  for  lighting,  lubricating  and  other  purposes  had  been 
attempted  and  to  some  extent  practised  long  before  the  discovery  of  paraffin  and 
Reich enbach's  elucidation  of  the  conditions  essential  for  the  production  of  these 
substances,  still  it  was  not  until  after  this  period  that  their  manufacture  was  prosecuted 
with  any  land  of  scientific  basis.  Very  soon  after  that,  however,  attempts  were  made 
to  introduce  these  products  into  commerce,  and  to  apply  them  to  the  purposes  for  which 
they  were  so  evidently  suited.  The  chief  desideratum  was  a  material  which  was  cap- 
able of  yielding  a  sufficient  amount  of  oil,  &c,  to  be  worked  remuneratively.  The 
materials  which  have  chiefly  been  employed  or  tried  for  this  purpose  are  the  following. 

1 .  Bituminous  shale. — The  first  step  in  the  industrial  application  ofReichenbach's 
results  was  made  in  1830  by  Aug.  Laurent,  who  sugg^ted  the  working  of  the  bitu- 
minous shale  in  the  Autun  coal-measures  as  a  source  of  paraffin  and  od  for  burning 
in  lamps.  This  shale  yielded,  when  gradually  heated  to  a  low  red  heat,  about  twenty 
or  twenty-five  gallons  of  tar  or  crude  paraffin  oil  per  ton,  containing  a  small  amount  of 
solid  paraffin.  By  fractional  distillation  the  tar  was  separable  into  light  burning  oil, 
thick  oil  for  lubricating,  paraffin  and  pitchy  residuum,  and  these  several  products  were 
purified  by  successive  treatment  with  sulphuric  acid  and  caustic  soda.  Several  works 
were  established  in  that  district,  and  at  the  Paris  Industrial  Exhibition  in  1839,  the 
products  manufactured  there  bySelligue  were  shown,  viz. :  1.  Crude  oil  or  shale-tar. 
2.  Volatile  spirit.  3.  Oil  for  burning  in  lamps.  4.  Grease  for  machinery.  5.  Tar- 
grease.  6.  Paraffin  crystallised,  and  paraffin  candles.  This  manufacture,  though  it 
has  been  continued  more  or  less  up  to  the  present  time,  did  not  attain  any  great  im- 
portance, partly  from  the  want  of  efficient  methods  of  purifying  the  oil,  and  of  suitable 
lamps  for  burning  it,  partly  also  from  the  remote  situation  of  Autun,  and  the  small 
amount  of  oil  which  the  shale  was  capable  of  yielding.  Since  then  bitununous  shalo 
has  been  worked  at  other  places,  as  for  instance  at  Wareham  in  Dorsetshire;  but  the 
small  amount  of  produce  has  always  been  an  obstacle,  especially  while  richer  materials, 
to  be  mentioned  presently,  were  worked  under  special  advantases,  and  while  the  copious 
supply  of  petroleum  from  America  continued.  But  now  Uaat  these  conditions  are 
changed,  bituminous  shale  yielding  about  the  same  averuge  produce  as  the  Autun  shale 
is  being  worked  with  considerable  advantage  in  Scotland. 

2.  Petroleunif  which  generally  contains  paraffin-oil  and  paraffin  ready  formed  as  con- 
stituents of  it,  was  the  first  material  which  was  successfully  worked  for  themanufiieture  of 
hydrocarbon  oil,  chiefiy  for  lubricating  and  to  some  extent  for  burning.  About  the  year 
1847,  Mr.  James  Young,  then  of  Manchester,  obtained  the  right  of  working  a  spring  of 
dense  petroleum  (specific  gravity  0*900)  which  had  been  discovered  in  a  Derbyshire 
coal  mine,  and  he  succeeded  in  rendering  it  available  during  a  period  of  two  or  three 
years.  In  1854  a  patent  (No.  2,719)  was  granted  to  Mr.  "Warren  De  La  Rue  for 
the  manufacture  of  paraffin  and  other  hydro^bons  from  petroleum.  The  raw  ma- 
terial which  he  used  was  the  Rangoon  tar  already  described  (p.  3).  This  substance  is 
submitted  to  a  current  of  steam  in  a  capacious  still  which  can  also  be  heated  externally. 
The  more  volatile  portion  then  distils  over,  and  is  afterwards  sejoarated  by  rectification 
in  a  similar  apparatus  into  products  differing  in  volatility.  Tne  last  portions  of  the 
residue  are  then  raised  to  a  nigher  pointy  whUe  superheated  steam  is  passed  through  it. 
The  last  portions  of  this  second  distillate  are  ver^  rich  in  paraffin,  whidi  is  separated 
as  far  as  possible  by  cooling  and  filtration.  It  is  then  submitted  to  pressure,  and  is 
finaliv  purified  by  admixture  with  sulphuric  acid  at  100^  C,  washing  with  soda-lev,  and 
distillation.  The  heavy  oils  separated  from  the  paraffin  are  said  to  be  well  adapted 
for  lubrication.  The  proportion  of  the  several  products  obtainable  in  this  manner 
from  Rangoon  tar  has  been  already  given  under  Naphtha  (p.  8).  This  Rangoon  petro- 
leum was  largely  worked  until  about  the  year  1860,  when  enormous  quantities  of  petro- 
leum began  to  be  imported  from  America,  and  for  a  time  almost  superseded  every  other 
source  of  supply  (see  Pbtrolbttm).    These  supplies  are  now  rapidly  decreasing. 

4.  Peat. — About  1849  an  attempt  was  made  on  a  large  scale  in  Ireland  to  obtain 
paraffin- oil  and  paraffin  by  the  distillation  of  peat,  but  the  yield  of  crude  oil,  not  more 
than  two  gallons  per  ton,  vras  too  small  to  be  remunerative.  Certain  kinds  of  peat  have 
however  been  worked  successfully  on  the  Continent  and  in  the  Hebrides.    At  the  latter 
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place  as  mnch  as  fiTo  to  ten  gallons  of  refined  oils  and  paraffin  were  obtained  ftom  the 
ton  of  peat.  A  serious  obstacle  to  the  working  of  this  material  is  the  strong  dis- 
agreeable smell  of  the  oil  obtained. 

4.  Lignite, — ^This  material  has  been  largely  used  on  the  Continent  for  the  mannfac- 
tore  of  paraffin-oil  and  paraffin.  About  the  year  1850  works  were  estaolished  at  Beul 
opposite  Bonn  on  the  Rhine,  and  at  Weissenfels  (p.  344).  The  process  is  ftdly  described  in 
Hofmann's  Report  on  Chemical  Products  and  Processes  in  the  Intematioiud  Exhibition 
of  1862.  The  products  obtained  in  the  final  rectification  are :  a.  Volatile  oils  called  pho- 
togen,  and  solar  oils  used  for  iUuminating ;  b.  Paraffin ;  c.  A  volatile  spirit  called  benssol  ;* 
d.  Phenol  or  Carbolic  acid  obtained  as  a  bye-product  by  treating  the  oils  with  caustic 
soda  in  their  purification,  and  neutralising  the  alkaline  liquor  with  sulphuric  acid. 

The  liquid  called  "  photogen  "  is  a  Tolatile  oil,  which,  in  properly  constructed  lamps, 
gives  a  light  equal  to  that  of  gas,  and  bums  very  economically.  The  first  quality  has 
a  specific  gravity  of  0785  to  0795,  and  is  as  clear  as  water.  The  second  quality  is 
rather  yellow,  and  has  a  specific  gravity  of  0*805.  The  third  quality,  called  "  solar  oil," 
is  yellow,  has  a  specific  gravity  of  0*835,  and  is  used  for  the  illumination  of  rooms, 
streets,  railway  carriages,  and  locomotives. 

The  purification  of  the  crude  paraffin,  separated  by  refrigeration  from  the  paraffin 
oil,  is  commenced  by  placing  it  in  centrifugal  machines,  by  which  a  further  quantity  of 
thick  oil  is  expelled.  The  mass  thus  obtained  is  then  cast  into  cakes,  and  submitted 
to  hydraulic  pressure,  first  in  the  cold,  afterwards  with  application  of  a  gentle  heat. 
The  object  of  this  last  operation  is  to  remove  all  hydrocarbons  having  a  lower  melting 
point  than  40°  C.  (104°  F.).  For  this  purpose  there  are  placed  on  the  horizontal 
presses  between  each  pair  of  paraffin  cakes,  hollow  plates  through  which  water  of  36° 
— 40°  C.  (95° — 104°  F.),  is  made  to  flow.  In  this  way  the  hydrocarbons  in  question 
are  fused  and  squeezed  out.  The  pressed  paraffin  is  then  heated  to  150°  C.  (302°  F.), 
either  over  a  fire  or  by  means  of  steam,  and  the  melted  mass  is  mixed  with  2  per  cent, 
of  strong  sulphuric  acid,  by  means  of  which  all  the  hydrocarbons,  not  being  paraffin, 
are  carbonised,  while  the  pure  paraffin  remains  unaltered.  The  latter  is  then  carefully 
washed  with  hot  water,  and  mixed  after  cooling  with  the  best  colourless  photogen,  and 
introduced  into  iron  jacket-cylinders,  in  which  it  can  be  kept  warm,  and  where  it  is 
filtered  through  animal  charcoal.  The  paraffin  is  thus  rendered  white,  and  may  be 
completely  separated  from  photogen  by  treatment  with  slightly  superheated  steam. 
The  paraffin  thus  obtained  is  perfectly  colourless,  and  beauti&lly  translucent ;  it  melts 
at  60°  C.  (140°  F.),  and  is  so  hard  that  candles  made  of  it  are  said  not  to  bend  when 
exposed  to  a  temperature  of  30°  C.  (86°  F.). 

5.  Coal. — The  coal  from  which  Reichenbach  obtained  paraffin  oil  and  paraffin  was 
the  kind  commonly  used  as  fuel  and  capable  of  yielding  only  a  small  amount  of  tar  by 
distillation  at  a  low  red  heat,  probably  not  more  than  ten  gallons  from  the  ton.  For  this 
reason  alone  it  would  have  been  impossible  to  employ  such  a  material  as  a  source  of 
these  products,  especially  at  that  time.  Varieties  of  coal  and  similar  minerals  have 
however  been  discovered  since  then,  some  of  which  are  capable  of  yielding  as  much  as 
100  gallons  of  crude  tar  per  ton.  A  mineral  of  this  kind,  somewhat  approximating  to  coal, 
or  rather  intermediate  between  bituminous  shale  and  what  was  commonly  known  as  coal, 
occurs  near  Bathgate  in  Scotland,  and  was  being  introduced  for  gas-making  under  the 
name  of  Boghead  gas  coal  or  Cannel  coal,  just  about  the  time  when  the  stoppage  of 
the  petroleum  spring  above  mentioned  compelled  Mr.  Young  to  seek  another  source  of 
supply  for  the  manufacture  of  lubricating  and  burning  oil.  After  having  made  many 
trials  of  different  kinds  of  coal  which  did  not  yield  by  distillation  a  sufficient  amount 
of  oily  products  to  be  worked  advantageously,  or  a  tar  of  such  a  character  as  is  suitable 
for  this  purpose,  Mr.  Young  fortunately  became  acquainted  with  the  Boghead  or  Tor- 
banehill  mineral  in  1850,  and  finding  it  to  yield  by  distillation  an  imusually  large 
amount  of  paraffin-oil,  he  at  once  obtained  a  patent  (Ko.  13,292)  for  a  method  of  ''treat- 
ing  bituminous  coals  to  obtain  paraffin  and  oil  containing  paraffin  therefrom,"  which 
consisted  in  distilling  them  in  an  iron  retort  "gradually  heated  up  to  a  low  red  heat,'' 
and  kept  at  that  temperature  until  volatile  products  ceased  to  come  off.  Under  the 
protection  of  this  patent  he  has  since  developed  this  manufacture  into  a  highly  impor- 
tant branch  of  industry.  Owing  to  the  exceptional  richness  of  the  Boghead  mmersd  as 
a  source  of  paraffin  oil,  it  was  for  a  long  time  impossible  to  compete  with  it  by  working 
bituminous  shale  yielding  only  about  twenty  gallons  of  crude  tar  per  ton,  although  that 
material  was  not  comprised  under  the  patent,  and  up  to  the  year  1860  no  other  ma- 
terial was  known  which  could  be  used  for  this  purpose  with  the  same  advantage  as  the 
Boghead  mineral.  Consequently  it  was  the  only  material  used  until  the  Leeswood 
cannel  was  discovered  near  Mola  in  Flintshire,  a  true  cannel  coal  which  yields  nearly 

*  The  liqaid  known  by  this  name  is  not  the  benzol  obtained  from  g»i.tar  naphtha,  but  a  mixtare  of  the 
lower  hydrides  homologous  with  marsh-gas  or  that  portion  of  the  oil  which  Is  too  Tolatlle  for  burning  in 
lamps  with  safety. 


PARAFFIN.  847 

as  mucli  oil  as  the  Boghead  mineral,  and  which  has  since  been  largely  worked  for  the 
production  of  paraffin  oil  and  paraffin. 

In  the  manufacture  of  these  products  by  the  distillation  of  coal,  &c,  it  is  very  im- 
portant, for  the  reasons  above  stated,  to  prevent  the  heat  from  rising  above  low  redness, 
since  at  higher  temperatures  a  considerable  portion  of  the  liquid  products  are  converted 
into  permanent  gas. 

The  following  is  a  list  of  the  principal  memoirs  relating  to  paraffin  and  allied 
matters,  arranged  chronologically : — 

1830.    Beichenbach. — ^Preparation  of  paraffin  by  the  dry  distillation  of  wood;  its 

properties.     Schw.  J.  liz.  436  ;  Ixi.  273 ;  Ixil  129. 
1832.    Ettling. — Formation  of  paraffin  by  the  dry  distillation  of  wax.    Ann.  Ch, 

Pharm.  ii.  253. 
1835.    Laurent — Occurrence  of  paraffin  in  the  products  of  the  distillation  of 

bituminous  shale.     Ann,  Ch.  Pharm,  xrsi.  273. 
1848,1850.     Brodie. — ^Paraffin  from  beeswax  and  Chinese  wax.     Ann,  Ch.  Pharm. 

Ixvii.  210 ;  Ixxvi.  156. 

1 849.  K  e  e  c  e. — Preparation  of  paraffin  by  the  dry  distillation  of  peat.     Timu,  July  28, 

1849 ;  mnglpoL  J.  cxiii.  237,  317. 

1850.  James  Young. — Specification  of  patent  for  treating  bituminous  coals,   to 

obtain  paraffin  and  oil  containing  paraffin  there&om  (No.  13,292). 

1851.  Kane,  Sullivan  and  Gages. — ^The  nature  and  products  of  the  process  of  the 

destructive  distillation  of  peat.  Museum  of  Irish  Industiy;  Report  to 
Chief  Commissioner  of  Woods, 

1852.  Beichenbach.— -Purification  of  crude  paraffin  hj  distillation  with  sulphuric 

acid.    Jahrbuch  d.  k.  k.  geoloa.  Reichsansialt,  iii.  No.  2,  p.  36. 

1853.  "W.  Brown.— Preparation  of  volatile  products,  especi^ly  paraffin,  from  coals 

and  bituminous  substances.     Chem.  Gaz.  1853,  p.  476. 

1854.  Warren  De  La    Bue. — Specification  of  patent  for  the  manufacture  of 

paraffin  and  hydrocarbons  irom  petroleum  (No.  2,719). 

1 855.  W  a  g  e  n  m  a  n  n. — Manufacture  of  paraffin  and  volatile  hydrocarbons  from  coal 

and  bituminous  shale.'    Dingl.  pal.  J,  cxxxvii.  36. 
1855.    Angerstein. — ^Preparation  of  similar  products  from  inferior  kinds  of  lignite 

or  peat.     Divgl.  pol.  J.  cxxxvii.  49. 
1855.    Fresenius. — Examination  of  certain  Unites  from  the  Westerwald,   with 

respect  to  the  products  which  they  yield  by  dry  distillation.    Dingl,  pol.  J. 

cxxxvii  i.  129. 
1855.    £d  gel  bach. — ^Products  of  the  distillation  of  bituminous  shale  from  Werther, 

near  Bielefeld.     Dingl.  pol.  J.  cxxxviii.  380. 
1855.     H.  Schroder. — ^Products  of  the  distillation  of   the    bituminous  shale  of 

Bruchsal.     Dingl.  pol.  J.  cxxxviii.  437. 

1855.  Karmarsch. — Illuminating  power  and  value  of  paraffin-candles.     Dingl. 

poK  J.  cxxxviii.  188. 

1856.  ^  V  o  h  1. — On  the  products  of  the  distillation  of  Bhenish  shale  {Bldtterschiefer), 

various  kinds  of  lignite  and  peat  Ann,  Ch.  Pharm.  xcvii  9;  xcviii.  181. — 
Dingl.  pol.  J.  cxxxix.  216  ;  cxl.  63. — J.  pr.  Chem.  Ixvii  418;  Ixviii.  504. — 
Ch^m.  Centr.  1856,  pp.  342,  455. 

1856.  0.  MUUer. — Products  of  the  distillation  of  lignite  from  the  neighbourhood  of 
Aussig  in  Bohemia.     Zeitschr.  Pharm.  1856,  p.  90. 

1856.  P.Wagenman  n. — On  the  amount  of  paraffin,  &c.,  obtained  from  various  kinds 
of  peat,  lignite,  and  shale  (p.  345).  Dingl.  pol,  J.  cxxxix.  293. — On  the  pre- 
paration of  photogen  and  paraffin  fr^m  peat  and  lignite  by  distillation  in 
furnaces.  Dingl.  pol.  J.  cxl.  461 ;  Chem.  Ccntr.  1856,  p.  699, — On  paraffin 
and  photogen  in  general.  Dingl.  pol.  J.  cxxxix.  302. — On  the  distillation  of 
paraffin  oU  and  photogen  in  vacuo.  Dingl,  pol.  J.  fiXTxiT.  43 ;  Chem,  Centr. 
1856,  p.  97. 

1856.  Bell  ford. — ^Apparatns  for  obtaining  paraffin  and  mineral  oil  from  shale  and 

other  bituminous  substances.  Repertory  of  Patent  Inventions,  Aug.  1856 ; 
Dingl.  pol.  J.  cxxxix.  42. 

1857.  Process  (patented  in  the  name  of  A.  V.  Newton)  for  obtaining  oil  adapted  for 

illumination,  from  lignite  and  bituminous  shale,  by  the  Snt  distillation. 
Repertory  of  Patent  Inventions^  Jan.  1857  ;  Dingl.  pol.  J.  cxxxix.  42. 
1857.  Vohl — On  the  preparation  and  purification  of  solid jmd  liquid  distilled  pro- 
ducts adapted  for  illumination,  from  mineral  substances.  Ann.  Ch.  Pharm, 
ciii.  283. — On  the  quantities  of  photogen,  paraffin,  &&,  obtained  from  the 
lignite  of  the  Bhon.  Dingl.  pol.  J.  cxliii.  363  ;  from  the  peat  of  Bostockina 
in  Bussia,  ibid,  cxliv.  444  ;  and  from  the  Posidonienschiefer  of  Wurtemburg, 
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iifid,  czlv.  47. — Report  on  the  quantities  of  volatile  illnminatisg  materialB  ob- 
tainable from  Tarious  bituminous  materials,  ifnd,  czlr.  61.— Similar  repoits 
by  P.  Wagenmann,  ibid.  cxlv.  309;  and  C.Miiller,  ibid.  czM.  210. 

1857.  B.  Hiibner  and  R.  KorkeL — On  the  quantities  of  light  and  heavy^  oils, 

paraffin,  &c.,  obtainable  from  various  kinos  of  coaL  Dingl.  p&l.  J.  cxliii.  143 ; 
Chem.  Centr.  1867,  p.  130. 

1867.  Th.  En gelbach.— General  view  of  the  products  of  the  distillation  of 
mineral  substances,  &c.,  as  illuminating  materials,  and  especially  the  bitumin- 
ous sand  of  Heide  in  Holstein.    Ann.  Ch.  Phann.  ciii.  1. 

1867.  B.  Hiibner. — On  the  industrial  working  of  lignites  for  the  preparation  of 
photogen,  paraffin,  &c.    Dingl.  pol.  J.  cxlvi.  211,  418. 

1867.  0  rth. — ^Illuminatii]^  power  of  schist-oils.    Dingl.  pol.  J.  cxlir.  398. 

1868.  V  o  h  L — Further  communications  respecting  the  preparation  of  paraffin,  and  the 

utilisation  of  the  secondaiy  products  obtained  in  its  manufeu^ture.    Ann.  Ch. 
Pharm.  cvii.  45. — In  abstract,  together  with  the  results  of  previous  communi- 
cations.   J.  pr.  Chem.  Ixxv.  289 ;  Bip.  Chim.  app.  i.  37. 
1868.    C.   BprengeL    L.  Unger. — On  the  di^  distillation  of  lignite  and  other 
bituminous  minerals.    Dingl.  pol.  J.  cxbx.  220,  468  ;  cl.  130. 

1868.  Vohl. — ^Examination  of  Burmese  naphtha  or  Rangoon  tar  as  a  raw  material 

for  the  preparation  of  photogen  and  paraffin.  Dingl.  pol.  J.  cxlvii  374. — J. 
Barlow.  On  the  treatment  of  this  mineral  oil  for  obtaining  a  paraffin-like 
substance  {Bdmontin),  liquid  hydrocarbons  fit  for  illumination,  &c.  Cosmos, 
xii  513. 

1858.  Vohl. — On  two  illuminating  materials,  viz.  Pinolin  (a  product  of  the  distiUn- 

tion  of  American  pine-resin),  and  Oleone  (a  product  of  the  lime-salts  of  &tt7 
acids,  obtained  by  precipitating  waste  soap-liquor  with  chloride  of  calcium, 
with  addition  of  a  small  quantity  of  quicklime).    Dingl.  pol.  J.  cxlviL  304. 

1859.  Hiibn  er. — ^Further  contributions  to  the  manufacture  of  photogen,  solar  oil  and 

paraffin,  from  lignite.    Dingl.  pol.  J.  cIL  119. 
1859.     Wagenmann. — New  raw  materials  for  USS*  preparation  of  photogen  and 

paraffin,  occurring  in  Scotland.    Dingl.  pol.  J*,  di.  116. 
1859.     Vohl. — ^Examination  of  various  bituminous  materials  with  respect  to  their 

applicability  to  the  preparation  of  illuminating  materials.    DingL  pol.  J.  dii. 

306,  390 ;  cliii.  328;  Ann.  Ch.  Pharm.  cix.  182;  J.  pr.  Chem.  Ixxvii  206; 

Chem.  Centr.  1859,  pp.  386,  490,  617 ;  Rep.  Chim.  app.  i.  292. 

1869.  J.  E.  Hess. — ^Amount  of  photogen  obtained  from  a  peat  occurring  in  Anhalt. 

Dingl.  pol.  J.  cliii.  380;  Chim.  Centr.  1860,  p.  164. 
1859.     C.  Hasse. — On  illuminating  materials,  &c.,  obtained  by  the  distillation  of 

Oallician  petroleum.    Dingl.  ^l.  J.  di.  445 ;  Bkp,  Chim.  app.  i.  292. 
1 859.    J.  M  i  t  c  h  eL — On  the  purification  of  paraffin.   Sep.  of  Patent  Inventions,  April 

1869,  p.  300;  Dingl.  pol.  J.  clii.  160. — Kernot. — On  the  same.    London 

Journal  of  Arts,  Sept.  1869,  p.  160;  Dingt.  pol.  J.  div.  64.— C.  G.  Miiller. 

— On  the  same.     Dingl.  poL  J^div.  227. 
1869.    F.  C.  Calvert — On  the  variations  in  the  composition  of  coal-tar,  according  to 

the  kind  of  coal  from  which  it  is  obtained.     Compt.  rend.  xlix.  26(2 ;  Jahresb, 

1869,  p.  742. 

1859.  AntiselL — The  manufacture  of  photogenic  and  hydrocarbon  oils  fh)m  coal 

and  other  bituminous  substances  capable  of  supplying  burning  fluids.  Kew 
York  and  London ;  notice  of  the  same  by  F.  H.  Storer.  8iU.  Am.  J.  [2] 
XXX.  112,  254. 

1860.  L.  nncer. — On  the  composition  and  occurrence  of  lignites,  especially  adapted 

for  tbe  production  of  tar,  and  on  the  treatment  of  the  tar  for  obtaining 

paraffin,  photogen  and  solar  oil     Dingl.  pol.  J,  civ.  41 ;  Chem.  Centr.  1860, 

p.  515. — On  the  qualitative  and  quantitative  differences  in  the  tar  obtained 

from  lignite,  acconling  to  its  structure  and  mode  of  occurrence.    Dingl,  pol,  J. 

dviii.  222  ;  Rip.  Chim.  app.  iii.  240. 
1860.    H.  Perutz. — ^Description  of  the  retort  furnaces  (for  heating  lignite)  in  the 

photogen  and  paraffin  factory  of  Wilhelmshiitte  near  Oscherrcheben.     DingL 

pol.  J,  dv.  66. 
1 860.     C.  Z  i  n  c  k  e  n. — On  the  illuminating  power  of  the  products  of  the  distillation  of 

lignite,  &c.     Dingl.  pol.  J.  civ.  128,  216. 
1860.    Dumoulin  and  Gotelle. — On  a  method  of  rendering  heavy  coal-taf  oil 

adapted  for  illumination.     Chem.  Centr.  1860,  686. 
1860.     W.  Schmidt. — On  the  quantities  of  illuminating  oils,  paraffin,  &c,  obtained 

from  various  kinds  of  Bussian  peat     Chem.  Centr.  1860,  p.  804. 
1860.     H.  Schwarz.— On  the  applicability  of  Gallician  petroleum  to  the  prnpaxation 

of  photogen  and  solar  oiL     DingL  pol.  J.  clvi.  464. 
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1861.  To  h  L — On  the  cauBes  of  the  fiulnre  of  many  fiictories  of  paraffin  and  photogen 
Dingh  pol,  J.  clii.  876. 

1861.  A  Oessner. — On  coal,  petroleum  and  distilled  oils.     Sro.  New  York. 

1862.  Dullo. — On  the  preparation  of  mineral  oils  and  parafiSn  from  rariona  raw  ma- 

terialB,  Chem.  Centr.  1862,  pp.  252,  265,— being  an  extract  from  his  work 
entitled  "  Die  Torfyerwerthung  in  Eoropa." 

1 862.  B.  H.  P  a  u  1.— On  the  working  of  the  bituminous  peat  of  Lews  Island  (Hebrides), 
for  the  same  purpose.     Cnem.  News^  yi.  221,  243. 

1862.  A  H.  Church.— On  the  oils  obtained  from  Alberdte.  Chem.  Neufs,  vi.  122; 
Bfy,  Chim,  app.  iv.  419. 

1862.  Per  utz.— On  the  recoveiy  and  utilisation  of  the  acid  and  alkaline  liquids  em- 
ployed in  the  purification  of  mineral  oils.    JHngL  pd.  J.  cbciii.  65. 

1862.  Stenhouse. — ^Application  of  paraffin  to  the  impregnation  of  leather  and  tis- 

sues, to  render  them  air-  and  water-tight.  Lonaon  Journal  of  JrtSfSeptemher 
1862,  p.  154 ;  DingL  pol.  J.  cxlvii.  72. 

1863.  B.  H.  Paul. — ^Destructive  distillation,  considerinl  in  reference  to  modem  In- 

dustrial Arts.    Jour.  8oe.  Arts^  zL  470 ;  Chem.  News,  Tii.  282,  viiL  56,  78. 

1 863.  O.  T  h  e  n  i  u  s. — Examination  of  peat  from  Sedzbui^  and  lignite  from  EUnbogen, 
with  regard  to  their  adaptability  for  the  preparation  of  photogen  and  paraffin. 
Dinglpol.  J.  clxix.  362,  467;  dzx.  296,  361. 

1863.  H.  Lahore. — ^Description  of  an  apparatus  with  revolving  retorts  for  the  distil- 
lation of  schists,  asphalt,  &c  IHngl.  pol.  J.  dxz.  104.  W.  M.  Williams. — 
Description  of  reverberatory  furnaces  for  similar  purposes.  Le  Technologiste, 
June  1863,  p.  458 ;  Dingl.  pol.  J.  dxz.  106. 

1863.  Breitenlohner. — Process  for  improying  heavy  oils  obtained  from  peat-tar 
and  rendering  them  fit  fbr  illumination.  Dingl.  poL  J.  cxlvii.  378 ;  BitU. 
Soe.  Chim.  vi.  71. 

1863.  A  W.  Hofmann. — ^Report  on  chemical  products  and  processes  in  the  Inter- 

national Exhibition  of  1862,  pp.  138—144. 

1864.  B.  H.  Paul. — Artificial  light  and  lighting  materials.     Jour.  8oc.  Arts,  xiL 

311 ;  Jour.  Franklin  Institute,  1865. 
See  also  the  several  volumes  of  Wagner's  Jahreshericht  fiber  die  Fortschritte  und 
Leistungen  dtr  chemischen  Technologie,  Leipzig,  1855 — 1864.  B.  H.  P. 

yA&AOZiOBV&ASVrxv.    See  Globvulbia  (ii  846). 

PABAOVAT  TXA  or  Yerba-mate. — The  dried  leaves  and  twigs  of  Psoralea 
glandulosa,  L.,  Hex  paraguayensis,  St.  Hilaire.  They  contain  caffeine,  1*1  to  1*2  per 
cent,  according  to  Stenhouse  (Phil.  Mag.  [3]  xxiii.  426);  0*44  percent,  according 
to  Stahlschmidt  (Pogg.  Ann.  cxiL  441). 

Syn.  with  /B  Hexylene.    (See  Hbxtlbnb,  iii.  155.) 

L  Syn.  with  Sajbcolactic  Acid.  (See  Lactic  Acm,  iiL  457.) 

See  Albumin  (i.  68). 

The  liquid  modification  of  aldehyde  obtained  by  Weiden- 
busch  (see  Aij>bthtdb,  I  109).  According  to  Lieben  (Jahresb.  1860,  p.  103),  it 
is  also  produced  by  heating  aldehyde  with  ethylic  iodide  to  100^  in  a  sealed  tube.  It 
melts  at  12^,  boils  at  123"^ — 124^,  and  has  a  vapour-density  of  4 '71,  agreeing  nearlj 
with  that  calculated  for  2  voL  from  the  triple  formula  of  aldehyde,  0*H*'0'.  It  is 
probably  identical  with  the  modification  of  aldehyde  which  Geuther  and  Cartmell 
obtained  by  the  action  of  sulphurous  acid  upon  aldehyde  (melting  at  10°,  boiling  at 
124°),  perhaps  also  with  Fehling*s  elaldehyde.  A  body  having  the  same  properties, 
excepting  that  it  melts  at  4°,  is  produced  by  saturating  aldehyde  with  cyanogen  gas,  and 
leaving  uie  solution  to  itself  in  a  sealed  tube  for  some  time  at  the  ordinary  temperature. 


Compounds  analogous  in  composition  and  exhibiting 
equal  differences  of  atomic  volume,  are  called  byScheerer,  paralleloateric  compounds, 
(See  IsoxoBPHisM,  iii.  432.) 

VAXAIiOOXTZ.  A  silicate  of  aluminium,  calcium,  and  sodium,  intergrown  with 
lapis  lazuli,  from  the  neighbourhood  of  Lake  Baikal,  in  white  four  or  eiglit-sided 
pnsms,  hazder  than  quartz,  having  a  specific  gravity  of  2-665,  and  melting  before  the 
blowpipe  to  a  colourless  glass.  It  contains,  according  to  Thoreld,  44*95  per  cent, 
silica,  26*89  alumina,  14*44  lime,  10*86  soda,  1*01  potash  (with  1*85  loss)  (Rammels- 
berg*s  MineraJchemie,  p.  778).  According  toKokscharow,  N.  Petersb.  Acad.  Bull, 
i  231),  it  has  the  same  angles  as  mejonite,  and  may  be  regarded  as  a  variety  of 
scapolite. 

,M.    A  substance  isomeric  with  cyanamide,  CH'N',  produced  by  the  action 
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of  carbonic  anhydride  on  sodamide.  It  ciystalliBes  in  concentric  groups  of  fine  silky 
prisms,  soluble  in  water  and  alcohol,  melting  at  100°  when  dry  (cyanamide  melts  at 
40°),  and  solidifying  again  in  the  crystalline  form  at  about  180^.  It  is  further  dis- 
tinguished from  cyanamide  (ii  188)  by  not  forming  either  a  yellow  silver  compound 
or  a  brown  copper  compound.  Cyanamide  changes  into  param  when  left  to  itself  for  a 
long  time.    (Beilstein  and  Geuther,  Ann.  Ch.  Pharm.  cviii.  68.) 

VASAMAXAIO  AOXD.    Syn.  with  Fuharic  Acid  (ii.  741). 

9AMAXJLLXO  ACZB.  Syn.  with  Diglycolijc  Acid.  (See  GLTOOixicAaD, 
ii  912.) 

Syn.  with  Gombmic  Acid  (i.  1103). 
See  Mbiosperminb  (iii.  880). 

*  [     See  MsLunc  Acm,  Amides  of  (iii.  873). 

rZOZO  ACZD«    Syn.  with  Fabaoxtbenzamic  Acm  (p.  352). 

Syn.  with  Thebainb. 

mTSTA&S.  This  term  was  first  applied  by  W.  Stein 
and  afterwards  adopted  byScheerer  (J.  pr.  Chem.  lyii.  60),  to  designate  certain 
peeudomorphs  in  which  a  change  of  molecular  structure  has  taken  place  without  alter- 
ation of  external  form  or  chemical  constitution :  for  example,  the  monoclinic  crystals 
of  fused  sulphur,  which  gradually  become  opaque  and  are  then  found  to  be  made  up  of 
crystalline  particles  having  the  trimetric  form  of  sulphur  crystallised  from  fusion  at 
low  temperatures  (ii.  332) ;  also  crystals  of  arragonite  (trimetric)  altered  internally  to 
calcspar  (rhombohedral),  and  of  iron  pyrites  (monometric)  altered  internally  to  mar- 
casite  (trimetric).  Scheerer  also  repirds  as  paramorphs,  many  instAnces  of  pseudo- 
morphism in  which  a  change  of  chemical  composition  has  taken  place  as  well  as  of 
molecular  structure,  e.ff.  the  crystals  of  scapolite  occurring  at  Snarum  and  Kragcroe,  in 
Norway,  which  consist  of  crystallo-granular  masses  of  orthodase  or  albite,  supposing 
that  these  minerals  are  dimorphous  and  sometimes  crystallise  in  the  form  of  scapolite. 
For  a  full  discussion  of  the  subject,  see  Scheerer's  article  Faramobphosb  in  the 
Handworterbuch  dtr  Chcmie,  vi.  53;  also  Jahresb.  1852,  p.  302;  1853,  p.  860;  1854, 
pp.  872,  888. 

PASAMVOZO  AXSXDm  An  isomeric  modification  of  mucic  acid  produced  by 
prolonged  boiling  of  the  latter  with  water  (iii  1057). 

yASAinXXn  or  JHamylene.  C"H**. — ^A  polymeric  modification  of  aroylene 
which  passes  oyer  at  160^,  when  amy  lie  alcohol  is  distilled  with  chloride  of  zinc 

PASABKTXOm.  The  name  given  by  Gottlieb  (Ann.  Ch.  Fharm.  Ixxv.  51) 
to  small  grains  resembling  wheat  starch,  which  are  contained  in  considerable  quantity 
in  Eitglena  viridia^  a  species  of  infusorium.  They  are  white,  insoluble  in  water  and  dilute 
acids,  and  have  the  composition  of  starch.  At  200°  they  are  converted  into  a  tasteless 
gummy  mass,  soluble  in  water.    Fuming  hydrochloric  acid  converts  them  into  glucose. 

PASAWAVBTBA&BWa  or  AVTBRACBirB.  C>«H*«.->-A  hydrocarbon 
discovered  by  Dumas  and  Laurent  in  1832  (Ann.  Ch.  Phys.  [2]  1.  187),  further 
examined  by  Laurent  (i6/(2.  Ix.  220;  Ixvi.  149;  Ixxii.  415),  Fritzsche  (Ann.  Ch. 
Pharm.  dx.  249),  and  more  completely  by  Anderson  (Edinb.  PhiL  Ti'ans.  xxii.  [3] 
681 ;  Chem.  Soc.  Qu.  J.  xy.  44).  It  is  produced  in  the  dry  distillation  of  coal,  bitu- 
minous shale  and  wood,  and  is  contained  in  the  last  heavy  and  semifluid  portions  of 
the  tar,  at  first  together  with  naphthalene,  finally  with  chrysene.  A  commercial  pro- 
duct of  this  kind,  used  as  a  lubricator  for  machinery,  is  yellow,  soft;  somewhat  like 
palm-oil,  and  contains,  besides  anthracene,  a  small  quantity  of  naphthalene,  and  a 
much  less  volatile  empyreumatic  oil. 

Preparation. — Crude  commercial  anthracene  is  distilled  from  an  iron  retort,  and  the 
colourless  portions  which  pass  over  at  the  beginning  are  pressed  to  remove  the  oil, 
and  purifiea  by  repeated  crystallisation  from  benzene,  or  by  sublimation.  The  coloured 
portions  which  pass  over  at  a  later  stage  of  the  distillation,  are  obtained  colourless  by 
repeated  rectification,  then  purified  in  the  same  manner.    (Anderson.) 

Fritzsche  immediately  dissolves  anthracene,  obtained  by  pressure  and  redys- 
tallisation,  in  boiling  benzene,  together  with  excess  of  picric  acid,  whereby  crystals  of 
the  picrate  are  obtained  on  cooling.  From  this  compound  anthracene  may  be  separated 
by  ammonia,  and  purified  by  recrj'stallisation  from  alcohol. 

Properties. — Anthracene  forms  small  colourless  lamins,  which  exhibit  a  silky  lustre 
when  immersed  in  alcohol,  but  become  dull  when  dry.  The  laminae  which  separate 
from  solution  in  benzene,  are  less  lustrous  and  somewhat  granular  (Anderson).  An- 
thracene melts  at  213°  (at  180°  according  to  Dumas  and  Laurent;  at  about  210° 
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according  toFritz8che)toa  colourless  liquid,  which  solidifies  to  a  lamino-ciystalliiie 
mass  on  cooling.  It  sublimes  slowlj  at  the  heat  of  the  water-bath,  more  quickly  in 
thin  laminae,  at  a  stronger  heat,  and  distils  without  decomposition  at  a  still  higher 
temperature  (Anderson),  above  300°  according  to  Dumas  and  Laurent.  It  is 
inodorous  if  free  from  empyreumatic  oil ;  tasteless.  Specific  gravity  1*147  (R  e  i  c  h  e  n  - 
bach) — ^Vapour-density,  obs.  =  6*74  at  450^  (Dumas  and  Laurent);  calc.  =  6-17. 

Anthracene  is  insoluble  in  watery  but  dissolves  easily  in  boiling  alcohol^  more  abun- 
dantly in  ether y  bemene^  and  volatile  oUs  (Anderson),  especially  in  oil  of  turpentine 
(Dumas  and  Laurent).  It  is  not  altered  by  alkalis.  Wnen  it  is  dissolved  together 
with  excess  of  picric  acid  in  boiling  benzene,  the  liquid  on  cooling  deposits  deep  ruby- 
coloured  crystals  ofpicrateof  anthracene,  C'*H'*.C*H*(NO*)*0.  This  compound 
melts  at  about  170°,  and  is  decomposed  wholly  or  partially  by  water,  alcohol,  and 
ether,  which  dissolve  out  the  picric  acid.    (Fritzsche.) 

Decompositions. — 1.  Anthracene  dissolves  in  oU  of  vitriol^  with  green  colour,  and 
forms  a  conjugated  kcid. — 2.  In  contact  with  bromine,  either  liquid  or  gaseous,  it  is 
slowly  converted  into  hexbromanthracene. 

3.  Anthracene  exposed  to  a  slow  current  of  chlorine-gas  for  not  too  long  a  time,  is 
converted  into  hydrochlorate  of  chloranthracene,  a  small  quantity  of  hydro- 
chloric acid  gas  being  evolved  at  the  same  time.  Exposed  for  a  short  time  to  a  rapid  cur- 
rent of  chlorine,  it  becomes  heated,  and  forms  hydrochloric  acid  and  chloranthracene. 
When  heated  in  chlorine  gas,  it  absorbs  a  much  larger  quantity,  gives  off  larger 
quantities  of  hydrochloric  acid,  and  exhibits  an  increasing  amount  of  chlorine,  till  after 
eight  days,  a  semi-fluid  product  is  obtained,  which,  by  solution  in  ether  and  evapor- 
ation, is  r^olved  into  an  oily  and  a  crystallisable  chlorine-compound  (Anderson). 
The  crystals  are  soluble  in  alcohol,  ether  and  benzene  ;  contain  47*5  per  cent.  C  and 
2-66  H,  and  are,  perhaps,  C"H»C1*  (calc.  47*39  per  cent.  C,  2-64  H)  or  perhaps  a 
mixture.  The  oil  treated  with  alcoholic  potash,  yields  more  than  one  crystallisable 
substance.    (Anderson.) 

4.  Anthracene  is  but  slightly  attacked  by  cold  nitric  acid,  but  by  boiling  for  several 
days  with  nitric  acid  of  specific  gravity  1*2  it  is  converted  into  oxanthracene.  Nitric 
of  specific  gravity  1"4  likewise  forms  oxanthracene,  but  mixed  with  other  products ;  if 
fuming  nitric  acid  be  added  at  the  same  time,  dinitroxanthracene  is  also  produced. 
These  compounds  separate  out  on  cooling,  whilst  a  crystallisable  acid  remains  in  the 
mother-liquor.  This  substance,  Anderson's  anthracenic  acid,  obtained  by  careful 
evaporation,  is  easily  soluble  in  water,  and  forms  crystallisable  compounds  with  ammonia 
and  potash,  insoluble  salts  with  baryta  and  oxide  of  lead.     (Anderson.) 

Laurent,  by  treating  anthracene  with  nitric  acid,  obtained  four  nitro-compounds 
(and  oxanthracene),  the  formulae  and  independent  existence  of  which  are  doubtfuL 
(See  Chnelin's  Handbook,  xvi  166.) 

Derivatives  of  Paranaphihalene  or  Anthracene. 

BroniBBtliraoenes*  (Anderson,  loc.  cit.) — ^When  a  thin  layer  of  pulverised 
anthracene  is  placed,  together  with  bromine,  under  a  bell-jar,  and  the  mass  which  forms 
aft^r  a  few  days  is  pulverised  and  again  exposed  to  the  bromine-vapours,  this  treat- 
ment beinc;  repeated  as  long  as  the  bromine  continues  to  be  absorbed,  and  the  brovtn  mass 
then  dissolved  in  benzene,  the  solution  on  cooling  deposits  hexbromanthracene, 
C'*H*Br*,  which,  when  recrystallised  from  ether  or  from  benzene,  forms  small,  white, 
hard,  apparently  rhombic  crystals.  It  is  sparingly  soluble  in  a/eo^o/,  <'^^rand  benzene; 
turns  brown  at  176°,  and  melts  at  182°,  with  evolution  of  bromine.  When  heated  with 
ail  of  vitriol,  it  melts,  and  gives  off  bromine  and  hydrobromic  acid.  It  is  but  slightly 
attacked  by  nitric  acid. — With  alcoholic  potash  it  acquires  a  yellow  colour,  and  forms 
bromide  of  potassium  and  bromide  of  dibromanthracene,  C'^H'Br'JBr',  which, 
when  recrystallised  from  benzene,  forms  long  yellow  needles,  having  a  fine  silky  lustre, 
and  melting,  with  partial  decomposition,  at  238°.  They  are  nearly  insoluble  in  cold 
benzene,  and  soluble  only  in  benzene  heated  above  100^ ;  still  less  soluble  in  alcohol 
and  ether,  either  hot  or  cold. 

Cliloraatliraoene.  C'^H'Cl. — This  compound,  obtained  by  subjecting  anthracene 
to  the  action  of  a  rapid  stream  of  chlorine  for  a  short  time  only,  forms  small,  hard, 
crystalline  scales,  soluble  in  alcohol,  ether  and  benzene.     (Anderson.) 

Hydrochlorate  of  Chloranthracene,  C'*H*CLHCL — To  obtain  this  compound,  cold 
chlorine  gas  is  passed  in  a  slow  stream  over  anthracene,  and  the  resulting  mass  is  crys- 
tallised by  solution  in  benzene  and  cooling.  Laurent  introduces  pulverised  anthra- 
cene into  a  bottle  filled  with  chlorine,  dissolves  out  the  anthracene  which  remains  un- 
altered after  48  hours,  with  a  small  quantity  of  boiling  ether,  and  crystallises  the 
undissolved  portion  from  a  large  quantity  of  boiling  ether.  It  forms  radiate  needles 
often  very  long  (Anderson);  yellowish,  shining  laminae,  fusible  and  volatile  (Lau- 
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rent).  It  is  easily  solable  in  aieohol,  to  which  also  it  gives  up  a  small  quantity  of 
hydrochloric  acid,  slightly  soluble  in  ether,  JJcoholic  potash  converts  it  into  chlor- 
anthracene. 

Ozantliraoene.  C**H"0'.  Paranaphtdlhe,  Anihracemue,  (Laurent,Ander- 
8 on.) — When  anthracene  is  boiled  for  some  days  with  nitric  acid,  a  resin  is  formed 
which  becomes  granular  on  cooling,  and  when  washed  with  water  and  recrystallised 
from  alcohol  or  benzene,  forms  light  reddish-yellow  ciystals  of  oxanthraceue,  fusible, 
volatile  without  decomposition,  and  subliming  in  long  needles.  When  heated  on 
platinum-foil,  it  bums  with  a  smoky  flame  and  without  residue.  It  is  neutral,  insoluble 
in  wateTf  sparingly  soluble  in  alcoholf  somewhat  more  soluble  in  benzene  (Anderson), 
nearly  insoluble  in  boiling  ether,  and  in  hot  coal-tar  oil  (Laurent).  It  dissolves  in 
boiling  nitric  acid  of  specific  gravity  1*4,  and  crystallises  on  cooling;  also  in  strong 
sulphuric  acid,  and  is  reprecipitated  by  water  (Anderson).  It  is  not  altered  by  hot 
hyarocMoric  acid,  by  potash-let/  or  guick4ime,  not  even  when  sublimed  over  the  latter. 
When  it  is  heated  in  a  t«st-tube  with  concentrated  hydriodic  aeid,  white  scales  re- 
sembling stilbeue  condense  in  the  upper  part ;  C'*H*0'  +  SHI  <-  C'^H'^  +  P  + 
2HK)P    (Anderson.) 

Dinitroxanthracene,  C"H«N«0«  -  C"H«(NO*)«0«.— When  anthracene  is  boiled  with 
nitric  add,  and  portions  of  the  fuming  acid  are  added  from  time  to  time,  red  fumes  are 
continuously  evolved,  and  the  anthracene  is  converted  into  a  resinous  mixture  of 
oxanthracene  and  dinitroxanthracene.  From  this  mixture  the  dinitroxanthracene  may 
be  separated,  by  heating  with  a  small  quantity  of  alcohol  and  coolhig,  as  a  red  powder 
having  very  litUe  of  the  crystalline  character.    (Anderson.) 


The  name  given  by  St.  Evre  to  a  solid  hydrocarbon,  C'H"  ? 
which  he  obtained  by  distilling  chloroniceic  Tchlorobenzoic)  acid  (i.  921)  with  caustic 
lime  or  baryta.    Fuming  nitric  acid  converts  it  into  a  nitro-compound,  C"H"(NO*). 


L  C''H"N  ? — A  base  produced  by  the  action  of  sulphide  of  ammo- 
nium on  nitroparanicene.  It  dissolves  in  adds,  forming  crystallisable  salts,  and  is  pre- 
cipitated from  the  solutions  in  snowy  flakes  soluble  in  ether.  (S  t.  £  v  r  e.  See  Oerha^t's 
IVaiti,  iii.  66.) 


C»*H»<N».  (Hofmann,  Proc.  Roy.  Soc.  xii.  314.)— During 
the  preparation  of  aniline  on  the  large  scale,  several  bases  of  high  boiling  point  are 
produced.  They  are  to  be  found  in  the  residues  which  remain  in  the  stills  in  which 
the  crude  aniline  is  rectified.  By  distilling  these  residues  and  fractionating  the  pro- 
ducts, a  variety  of  bases  are  obtained,  among  which  may  be  mentioned  toluylene- 
diamine,  martylamine  C'"H"N,  and  paraniline  C"H**N*. 

Preparation. — When  the  fractions  boiling  above  330°  are  treated  with  dilute  sul- 
phuric add,  a  semisolid  crystalline  mass  is  obtained,  consisting  of  two  sulphates  of 
aifir«rent  degrees  of  solubility,  the  more  soluble  being  the  sulphate  of  paraniline,  the 
less  soluble  the  sulphate  of  martylamine.  On  decomposing  the  more  soluble  scdt  with 
caustic  soda,  a  viscid  basic  oil  is  produced,  which  after  some  days  solidifies  to  a  serai- 
solid  crystalline  mass.  This  is  to  be  purified  from  adhering  oil  by  pressure  between 
folds  of  filtering  paper,  and  crystallised  first  from  water,  and  subsequently  once  or 
twice  from  boiling  alcohol.  Paraniline  forms  longwhit«  silky  needles,  fusible  at  192^. 
It  boils  above  the  range  of  the  mercurial  thermometer,  but  distils  without  decom- 
position. 

Salts  of  Paraniline. — ^From  a  solution  in  strong  hydrochloric  acid,  a  beautiful  hydro- 
chlorate  crystallises  in  transparent  six-sided  plates,  which  when  dried  at  100°  have  the 
formula  C"H"N*.2HC1.H*0.  On  treatment  with  water  they  are  immediately  converted 
into  sparingly  soluble  yellow  needles,  which  at  100°  contain  C"H"N«.HC1.H«0,  and  at 
116°,  C'm'*}!(mCL— The  platinum-salt,  20«H"mH«CRPt»'Cl*(at  110°),  forms  yellow 
needles  of  sparing  solubility. — The  nitrate,  C"H'*N*.HNO»,  forms  short  yellowish 
needles  grouped  in  stars. — Sulphates.  On  dissolving  paraniline  in  dilute  sulphuric  add, 
a  salt  easily  soluble  in  water  is  obtained,  having  the  formula  C'*H'*N*.H*SO*.  Treated 
with  excess  of  base,  it  yields  a  salt  containing  2(C«H"N«)H«S0*. 

Ethylatcd  derivatives  of  Paraniline.  The  action  of  iodide  of  ethyl  on  this  base 
results  in  the  formation  of  two  ethylated  bases,  namely  C"H'«(C"H«)N«  and 
C«»H"(C«H*)*N«.  C.  a.  W. 

1LCZI>.    Syn.  with  NrrRODBACYLic  Acm  (p.  60). 

A  name  applied  to  certain  compact  varieties  and  white  and  pale 

blue  crystals  of  scapolite. 

PASA-OXTBSVZA.XUEZC  ACZB.  C'H^NO*.  Paramidoheneoic,  Oxydracylamio 
or  AniidodracvHc  acid.  (G.  Fischer,  Ann.  Ch.  Pharm.  cxxvii.  142 — ^Wilbrand  and 
Beil stein,  ibid,  cxxviii.  267,)— -A.n  a«id  isomeric  with  oxybenzamic  acid,  produced  by 


( 
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Uie  action  of  sulphuric  acid  on  nitrodracylate  (paranitrobenzoate)  of  ammonium 
(Fischer),  or  by  the  action  of  tin  and  hydrochloric  acid  on  nitrodracylic  acid 
(Wilbrand  and^neilstein).  When  1  pt.  of  nitrodracjlic acid  (p.  60)  and  2  pts.  of 
tin  are  treated  with  concentrated  hydrochloric  acid,  and  the  filtrate  eTaporated,  colour- 
less needles  or  laminae  are  obtained,  consisting  of  the  compound  C'H'NO'.HCl,  which 
by  solution  in  ammonia  and  supersaturation  with  acetic  acid,  yields  crystals  of  paraoxy- 
benzamic  acid.  A  quicker  method  is  to  precipitate  the  acid  tin-solution  with  sodic 
carbonate  and  supersaturate  the  filtrate  with  acetic  acid.*  (Wilbrand  and  Beilstei  n.) 

Paraoxybenzamic  acid  crystallises  in  yellowish,  highly  lustrous  capillaiy  crystals, 
which  melt  at  197°,  and  are  not  coloured  (like  oxybenzamic  acid)  by  contact  with  air 
and  water  (Fischer) ;  in  reddish  interlaced  threads,  shining  crystalline  tufts,  or  small 
rhombohedrons  melting  at  186®  or  187°  (Wilbrand  and  Beilstein).  When  heated 
with  potash,  it  is  resolved  (more  easily  than  osybenzamic,  less  easily  than  phenyl- 
carbamic  acid)  into  carbonic  anhydride  and  aniline.  Wilbrand  and  Beilstein  regard  it, 
however,  as  identical  with  the  latter  (Chancel's  carbanilic  acid).  When  nitrous  acid 
vapour  is  slowly  passed  into  a  boiling  solution  of  1  pt.  paraoxybenzamic  acid  in  120  to 
125  pts.  boiling  water  (with  other  proportions  a  different  reaction  takes  place)  till  the 
liquid,  which  becomes  dark  in  colour  and  gives  off  nitrogen,  deposits  on  evaporation 
flocks  whidi  assume  a  resinous  consistence,  the  filtrate  yields  at  a  certain  degree  of 
concentration,  crystals  of  paraoxy benzoic  acid,  C'H*0".H*0.    (Fischer.) 

Azo-parcu>xybenzamic  acid,  C^^H^'N'O^,  isomeric  with  diazobenzo-oxybensunic  acid 
(p.  292),  separates  on  pouring  nitrous  ether  (alcohol  saturated  with  nitrous  acid), 
on  a  cold  saturated  solution  of  paraoxybenzamic  acid,  as  a  yellow  crystalline  body, 
which  is  decomposed  by  hydrochloric  acid  in  the  same  manner  as  diazobenzo-oxybenz- 
amic  acid,  yielding  hydrochlorate  of  paraoxybenzamic  acid  and  paracholorobenzoic  acid 
(p.  344).  Nitrous  acid  passed  into  a  hot  alcoholic  solution  of  azo-panioxy benzamic  acid 
forms  aldehyde,  together  with  an  acid  C'H'O',  different  from  salylic,  and  probably 
identical  witn  oitlinary  benzoiq  acid  (see  the  seoond  equation  on  page  293).  (Wilb r  an d 
and  Beilstein.) 

VASA-OXTBiarzOZC  ACn>.  C^H^O*.  (Saytzeff,  Ann.Ch.Pharm.cxxvil 
129.) — An  acid  isomeric  with  oxybenzoic  and  with  salicylic  acid,  produced  by  heating 
anisic  acid  with  concentrated  aqueous  hydriodic  acid  to  125^ — 130°  for  twelve  to  six- 
teen hours: 

C»H«0«     +     HI       -       C»H«0«     +     CH»I; 

also^  according  to  Fischer  (p.  351),  by  the  action  of  nitrous  acid  on  paraoxybenzamic 
acid.  It  crystallises  from  hot  water  (according  to  A.  Knop's  determinations)  in  small 
monoclinic  prisms,  exhibiting  the  combination  ooP .  oP  .  ooPoo ,  with  the  following 
approximate  values  of  the  angles ;  ooP :  ooP  in  the  orthodiagonal  principal  section, 
=  140° ;  ooPoo  :  ooP  «  110° ;  oP :  ooPoo  «  106°  30' ;  oP :  ooP  «  86°.  It  dis- 
solves in  126  pts.  of  water  at  16°  ;  more  easily  in  hot  water,  alcohol,  and  ether;  has  a 
sour  taste;  contains  when  air-dried,  1  at  water  (C'H*0'.H*0) ;  becomes  anhydrous 
at  100°;  melts  with  partial  decomposition  at  210®,  and  solidifies  between  160°  and 
170°.  It  is  distinguished  from  salicylic  acid  by  its  melting  point  and  solubility 
(salit^lic  acid  melts  at  160°,  and  requires  1000  pts.  of  cold  water  to  dissolve  it) ;  by 
formiDff  with  ferric  chloride  a  yellow  precipitate  soluble  in  excess,  without  violet 
coloration ;  and  by  the  much  greater  facility  with  which  it  is  resolved  into  phenylic 
alcohol  and  carbonic  anhydride.  From  oxybenzoic  acid  (p.  206)  it  is  distinguished 
by  its  crystalline  form,  and,  according  to  Saytzeff,  by  its  behaviour  when  heated  to 
the  subliming  point  (oxybenzoic  acid,  according  to  Fischer,  crystallises  in  anhy- 
drous rectangular  prisms,  melts  at  200°,  and  sublimes  almost  unaltered  even  when 
quickly  heated ;  according  to  Garland,  however,  it  splits  up  into  carbonic  anhydride 
and  phenylic  alcohol). 

Paraoxybenzoic  acid  forma  with  the  alkalis,  easily  soluble  salts,  difiBcult  to  crystallise; 
with  the  alkaline  earths  and  with  the  oxides  of  zinc  and  cadmium,  it  forms  salts  which 
are  likewise  easily  soluble,  but  crystallise  welL  The  cadmium-salt,  C*^H'*'Cd"0*.4H'0, 
crystallises  in  large  well-defined  rhombohedrons ;  the  sUtfer-saltf  2G'H*AgO*.6H*0, 
crystallises  from  boiling  water  in  long  needles. 

»BCTZO  ACZD  and  PA&APBOmr.     See  Picttc  Acid  and  Pscmr. 


A  name  of  dibasic  phosphoric  add  (see  Phos- 

PH0BX78,   OXTGBN-ACIDS  OF). 

C'»H»N«?     (Anderson,  Ann.  Ch.  Pharm.  Ix.  86.)— A 


*  Nitrobentolc  acid  treated  in  like  manner  with  tin  and  hydrocliloric  acid,  jMAm  the  double  salt 
C^H^NO^.HCI.Sn'XI*,  which,  by  tuccejsire  treatment  with  lulphydric  acid,  ammonia  and  acetic  acid, 
may  be  eon? erted  Into  oxjrlienxamic  acid.  The  rourenton  of  nitrobensoic  acid  into  oxjheniamic  acid, 
may  also  be  efferted  by  hydrochloric  add  snd  zinc.  Nitrodracyllc  (paranitrobenxoic)  acid  Is  not  acted 
upon  by  sine  and  hydpoebloric  acid.  (Wilbrand  and  B ei  1  s te  1  n.; 
Vol.  IV.  A  A 
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base  poylmeric  with  picoline  (C'H'N),  obtained  by  treating  picoline  with  i  to  |  of  it« 
weight  of  sodium  at  the  boiling  heat  for  several  days,  treating  the  brown  resinous  mass 
thereby  produced  with  water,  which  dissolves  soda  and  leaves  a  heavy  viscid  oil,  wash- 
ing the  latter  with  water,  distilling,  collecting  apart  the  oil  which  passes  over  it  at  a 
high  temperature,  and  rectifving. 

The  action  of  the  sodium  in  the  conversion  of  picoline  into  parapicoline  has  not  been 
exactly  made  out.  A  large  portion  of  the  metal  remains  unaltered ;  part  of  it  how- 
ever enters  into  combination,  probably  forming  the  compound  C'H'NaN  (no  evolution 
of  hydrogen  was  however  observed),  which  is  subsequently  converted  into  parapico- 
line, as  shown  by  the  equation: 

2C«H«NaN     +     2H'0       -       C"H»<N»     +     2NaH0. 

Parapicoline,  obtained  as  above,  is  an  oil  of  specific  gravity  1-077,  and  boiling  between 
260®  and  316<^.  It  is  insoluble  in  water,  soluble  in  aU  proportions  in  alcohol,  ether, 
and  oils,  and  has  a  peculiar  odour  different  from  that  of  picoline,  but  resembling  that 
of  the  bases  obtained  from  bone-oil  at  very  high  temperatures.  It  blues  reddened  litmus, 
is  partially  resinised  by  strong  nitric  acid,  and  forms  with  cupric  sulphate  an  emerald- 
green  precipitate,  the  green  solution  of  which  in  hydrochloric  acid  contains  a  double 
salt. 

The  salts  of  parapicoline  are  for  the  most  part  unciystallisable.  The  hydrochloraie 
is  a  resin  easily  soluble  in  water. — The  chloro-aurate  is  yellow,  amorphous,  not  decom- 
posed at  the  boiling  heat.— The pte<inuwt-»a/<  has  the  formula  C«H"N«.H«CRPt'^Cl*.— 
Mercuric  chloride  forms  with  the  alcoholic  solution  of  parapicoline  an  abundant  curdy 
precipitate,  insoluble  in  water  and  in  alcohol,  easily  soluble  in  hydrochloric  acid. — The 
nitrate  remains  on  evaporation  as  a  syrupy  liquid,  which  slowly  solidifies  to  a  mass  of 
needle-shaped  crystals. — The  sulphate  is  a  gummy  mass,  easily  soluble  in  water,  less 
soluble  in  alcohol. 


COBBOSBTZH'.    See  Jaiafin  (iii.  438). 

P  ASASACCBAS08S.  A  modification  of  cane-sugar,  C"H^O",  said  to  be  pro- 
duced under  certain  circumstances  when  a  solution  of  sugar-candy  and  phosphate  of 
ammonium  is  exposed  to  the  air  in  the  summer  season,  between  June  and  >September. 
It  is  ciy stallisable,  and  has  a  greater  dextro-rotatoiy  power  than  cane-sugar.  (V.  J  o  d  i  n, 
Compt  rend.  liii.  1252 ;  Iv.  720 ;  Ivii.  434  ;  R^p.  Chim.  app.  iv.  38  ;  Bua  Soc.  Chim. 
1863,  p.  93;  1864,  p.  278  ;  Jahresb.  1861,  p.  722;  1862,  p.  472;  1863,  p.  672.) 

PASASAXXCTX.  Salicylide  of  Benzoyl,  C^'H^'O*  -  C'H'O'.C'H'O ;  also 
called  Spirin.     (See  Salictudes.) 

PAJUL8ZTBS.  Chatin  (Compt.  rend.  Ivii.  771)  adduces  several  examples  which 
seem  to  show  that  parasitical  plants  possess  the  power  of  altering  the  juice  of  the  plants 
'on  which  they  grow.  Thus  misletoe  (  Viacum  album)  growing  on  the  oak  does  not 
contain  a  trace  of  querci tannic  acid ;  Lorantkus  growing  on  Strychnos  is  not  poisonous; 
Hydnorn,  a  parasite  growing  on  African  Bhiphorhiacea^  is  used  as  food ;  Orobanche  does 
not  exhibit  the  narcotic  properties  of  hemp ;  and  the  red  juice  of  Cyiinus  is  not  found 
in  the  Cistua  on  which  it  grows.  Chatin  finds  moreover  that  Cytincts  and  orobanchs 
give  off  carbonic  acid  in  sunshine,  and  hence  concludes  that  phanerogamous  parasiteB 
which  are  not  green-coloured,  alter  the  juice  of  the  mother-plant.  On  the  other  hand, 
green  perfect  parasites  ( Vucum\  and  more  or  less  coloured  semi-parasites  {Melam' 
pyrum  arvenae)  decompose  carbonic  acid  like  other  plants. 

PAJLA80BBXC  ACXB.    See  Sobbic  Acid. 

PAXABTXXiBXTB.  A  zeolite  from  ThyriU  on  the  HvaliQordr  in  Iceland,  con- 
taining, according  to  v.  Waltershausen,  61*87  per  cent,  silica,  17*83  alumina,  7*32  lime, 
200  soda,  1*78  potash,  and  9*20  water  («  200),  which  may  be  represented  approxi- 
mately by  the  formula  M20.2SiO» + Al'0«.4SiO»  +  3H«0. 

See  SUL.FHAHIDB. 

Syn.  with  Kacshic  Acid. 
Syn.  with  Bacbuaiodb. 

'I     Syn.  with  Racehic  Acid. 

*A»ATAmT»OVXin[C  ACm.    Syn.  with  Ethtl-racbmic  Acm  (seeRACsinc 

Ethsbs). 


TASTRSIUO  ACXB 


An  acid  isomeric  with  ethyl-sulphuric  acid,  not  known 
m  the  free  state,  but  produced  as  a  barium-salt,  when  a  solution  of  barytic  ethyl-sul- 
phate is  boiled.    The  liquid  then  becomes  turbid  and  acid,  depositing  sulphate  of 
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barium,  and  if  the  deposit  be  remored  and  the  filtrate  saturated  with  carbonate  of 
barium,  a  ctystallisable  barium-salt  is  obtained  having  the  composition  of  ethylsulphate 
of  barium,  C'H'*Ba"S'0",  but  distinguished  from  that  salt  by  not  decomposing  when 
its  aqueous  solution  is  boiled.  When  calcined,  it  swells  up  like  the  ieethionate  (iii. 
131),  but  at  the  same  time  gives  off  vapours  of  heavy  wine-oil,  takes  fire,  and  then 
bums  quietly.    (Gerhard t,  Compt  Chim.  1845,  p.  176.) 

PASATOHrBirB  or  PAXATOXiirO&.  A  hydrocarbon,  isomeric  or  polymeric 
with  toluene  (hydride  of  benzyl,  i.  673),  supposed  by  Church  (Chem.  News,  Dec.  31, 
1859 ;  Zeitschr,  Ch.  Pharm.  1860,  p.  144)  to  exist  in  light  coal-tar  oil.  It  boils  at 
119-50 ;  toluene  at  103-7**. 

PASB&ZiZO  AOIB  or  VA&B&Uir.  (yB90*  ?  (S  c  h  u  n  c  k,  Ann.  Ch.  Pharm. 
liv.  274.) — An  acid  sometimes  obtained,  together  with  lecanoric  acid,  in  the  prepara- 
tion of  the  latter.  The  lichens  may  be  exhausted  with  boiling  water ;  the  solution 
evaporated  to  dryness  after  boiling  for  some  time;  the  residue  digested  in  boiling 
water,  which  dissolves  the  orsellinic  ether  (p.  236)  produced  by  the  mutual  action  of  the 
alcohol  and  the  lecanoric  acid;  and  the  undissolved  portion  taken  up  by  boiling 
aloohoL  The  alcoholic  solution  on  cooling  deposits  parellic  add  in  the  crystalline 
form. 

Parellic  add  forms  colourless  needles,  very  slightly  soluble  in  cold  watery  soluble  in 
alcohol  and  in  ether;  the  crystals  deposited  by  slow  evaporation  are  usually  brilliant 
and  very  heavy.  The  alcoholic  solution  has  a  very  bitter  taste,  and  reddens  litmus : 
water  precipitates  the  parellic  add  from  it  in  the  form  of  a  jelly.  The  crystals  give  off 
6*51  per  cent  water  at  100°  and  the  dried  acid  yields  by  analysis  60*7 — 61*8  per 
cent,  carbon  and  3*4  hydrogen,  the  formula  C*H*0^  requiring  60*7  carbon  and  3 '3 
hydrogen.  The  add  is  porhaps  produced  by  the  metamorphosis  of  lecanoric  add ; 
thus : — 

+     HH). 


c»m"o»     = 

=        C'H'O* 

+ 

C'H-0« 

Lecanoric 

Parellic 

Orcin. 

acid. 

acid. 

Schunck  represented  parellic  add  by  the  formula  C'^JSPO*.' 

Parellic  acid  melts  when  heated,  and  at  a  higher  temperature  gives  off  an  oil  which 
solidifies  on  cooling;  also  a  sublimate  of  long  needles.  By  prolonged  boiling  with  water 
it  yields  a  yellow,  bitter,  unciystallisable  substance.  It  is  not  altered  by  boiling  alcohol. 
It  is  decomposed  by  hot  nitric  acid,  with  evolution  of  nitrous  vapours  and  formation  of 
oxalic  acid.  Acftic  add  dissolves  it  more  easily  than  water.  When  heated  with 
caustic  potash  it  swells  up,  and  is  converted  into  a  gelatinous  mass  which  gradually 
dissolves,  and  the  solution  yields  with  mineral  adds  a  gelatinous  predpitate  of  parellic 
add.  But  if  the  alkaline  solution  be  previously  boiled,  it  does  not  yield  any  precipi- 
tate on  addition  of  an  add,  but  after  some  time  deposits  small,  shining,  octahedral 
crystals,  which  melt  in  boiling  water  before  dissolving,  are  easily  soluble  in  cold  alcohol, 
and  separate  again  on  evaporation ;  they  dissolve  also  in  caustic  baryta,  forming  a 
solution  which  deposits  carbonate  of  barium  when  boiled.  Baryta  and  litne  act  on 
parellic  add  like  potash.  Ammonia  dissolves  less  of  it  than  potash ;  the  solution  when 
evaporated  gives  off  ammonia  and  leaves  crystalline  parellic  add ;  prolonged  boiling, 
however,  is  attended  with  decomposition. 

Parellic  acid  decomposes  carbonates.  Its  alcoholic  solution  predpitates  cupric  acetate 
and  neutral  acetate  0/  lead.  It  does  not  predpitate  nitrate  of  «/ew,  but  on  addition 
of  ammonia,  a  yellowish  predpitate  is  formed  which  is  reduced  to  the  metallic  state  by 
boiling.  An  aqueous  solution  of  parellic  acid  mixed  with  chloride  of  geld  is  not 
altered  by  boiling ;  but  this  salt  is  slowly  reduced  by  a  solution  of  parellic  add  in 
potash. 

Parellate  of  barium  obtained  by  treating  the  add  with  baiyta-water,  or  by  double 
decomposition,  is  a  white  powder  insoluble  in  water.  The  copper-salt  is  a  yellowish- 
green  predpitate.  The  lead-salt^  C"H'*Pb"0"  (?),  is  predpitated  in  large  quantity  in 
white  flocks  on  mixing  the  alcoholic  solution  of  pareUic  and  and  neutral  lead  acetate. 
The  alcoholic  solution  of  parellic  acid  also  forms  a  copious  predpitate  with  basic  acetate 
of  lead. 


L  Crystallised  and  granular  hornblende  of  high  lustre  and  rather  dark 
green  colour,  containing  alumina,  iron,  and  mag^nesia ;  found  at  Pargas  in  Finland  and 
at  Phipsburg  and  Parsonsficld  in  the  State  of  Maine.    (See  HoBNBLEin>B,  iii .  1 70.) 

PASIOZVa.  An  alkaloid  said  by  Winckler  (Buchn.  Repert.  [2]  xlii.  29)  to 
be  contained  in  China  Jaen.  fusca^  a  dnchona-bark  imported  from  Para. 

PABXBZW.  C^»«0«?  (Walz,Pharm.  Centr.  1841,  p.  690  ;  further N.  Jahresb. 
Pharm.  xiii.  174.— D  el  f  f  s,  ibid.  Ix.  26.)— A  neutral  substance  extracted  from  the  leaves 
of  Paris  quadrifolia,  by  exhausting  them  with  water  containing  acetic  acid,  treating 
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the  residue  with  Alcohol,  and  the  alcoholic  extract  with  ether  to  remove  chlorophyll 
and  fatty  matters,  digesting  the  residne,  together  with  animal  charcoal,  in  alcohol  of 
0*920,  filtering,  removing  the  alcohol  by  distillafion,  drying  the  residue,  and  redissolv- 
ing  it  in  boiling  water.  Paridin  is  then  deposited  after  a  while  in  thin  shining 
laminie,  forming  when  dry  a  coherent  satiny  mass  (Walz);  from  cold  dilate  alcohol 
it  crystallises  in  tufts  of  needles  (Delf  fs).  100  pta.  of  water  dissolve  IJ  pt  paridin ; 
100  pts.  alcohol  of  94*5  per  cent,  dissolve  2  pts. ;  and  100  pts.  of  ordinary  spirit 
dissolve  6  pts.  It  gives  off  68  per  cent  water  at  100°.  The  dried  substance  contains, 
according  to  L.  Gmelin,  55 '61  per  cent  carbon  and  7*76  per  cent,  hydrogen,  agreeing 
nearly  with  the  formula  C*H"0',  which  requires  55-39  per  cent  carbon  and  7*69 
hydrogen.  Delflfk  gives  the  formula  C'"H*H)' ;  Walz  in  his  last  communication  assigns 
to  paridin  the  formula  C«H*»0". 

Paridin  is  immediately  coloured  red  bv  strong  sulphuric  or  phosphoric  acid ;  decom- 
posed by  hot  nitric  acid ;  dissolved,  without  coloration,  by  hydrochloric  acid ;  decom- 
posed by  potash. 

PAXZBO&.  C**H^*.— A  substance  formed  together  with  glucose  by  boiling 
ft  solution  of  paridin  in  hydrochloric  acid  with  dilute  alcohol  (Walz)  : 

C"H»«0"     +     H«0       «      C"H*«0»     +     C^»»0«. 

PASZBTZO  ACIB.    The  name  given  by  Thomson  to  the  acid  contained  in 
JParmdia  parietinat  afterwards  shown  to  be  chrysophanic  acid  (L  958). 

VAXIVmr.  Thomson's  name  for  the  yellow  colouring  matter  of  Parmdia 
parietina,  which  is  identical  with  usnic  acid  {q.  v.). 


>     Syn.  with  Salsxpabin  or  SiouLcm  (g.  v.). 


This  name  is  sometimes  used  to  designate  pure  Prussian  blue 
(ferric  ferrocyanide),  (ii.  227),  but  has  lately  been  applied  to  a  very  pure  bright  blue 
colour  obtained  by  heating  aniline  with  stannic  chloride. 

Syn.  with  Cabmhte-laxb  (L  804). 

A  name  sometimes  applied  to  very  finely  divided  and  carefully 
prepared  ferric  oxide,  used  for  polishing  optical  glasses,  daguerreotype  plates,  gold  and 
silver  ornaments,  &c. 

PJkJtZSZTB.  Mussonite. — ^A  mineral  from  the  emerald  mines  of  the  Musso  Valley, 
New  Granada,  consisting  of  the  carbonates  of  cerium,  lanthanum  and  didymium,  with 
fluoride  of  cerium  and  calcium.  It  is  found  crystallised  in  elongated  double  six-sided 
pyramids  with  truncated  apex ;  basal  angle  164°  58' ;  pyramidal  angle  120°  34'.  Cleav- 
age basal,  very  perfect.  Hardness  «  4*5 ;  specific  gravity  s  4*35.  It  has  a  vit- 
reous lustre,  pearly  or  resinous  on  the  deavage-faces,  and  a  brownish-yellow  colour: 
streak  yellowish-white. 

Analyses:  a,  5,  by  Bun  sen  (Ann.  Ch.  Pharm.  liii.  147). — c  by  H.  Deville  and 
Damour  (BulL  Soc  Chim.  1864,  ii.  339). 

CO*  CeO         DiO       J^O  CaO       MnO       CaF*         CeF*        H-O 

\ ^ / 

a.    23-51  59-44  3-17        .  .       11-61         ,  .         238     «     lOOOl 

6.    23-64  60-26  315       .  .       10*53         .  .         2*42     -*     100 

/ ' \ 

c.   23-48        42-52    958    826        285    trace    1010        2*16    trace    «      98*95 

2Ce) 
The  last  analysis  may  be  pretty  nearly  represented  by  the  formula  Wi  >  C*0'.(Ca;  Ce)F*, 

which  requires  2461  C0«  40-27.CeO,  1044  DiO,  10*44  LaO,  and  1454  CaF«. 

FASZBTTPBVnr.  C»H«*0»?  (Walz.  N.  Jahrb.  Pharm.  xiii.  355.>— A  bitter 
substance  contained,  together  with  paridin,  in  Paris  quadrifolia,  and  prepared  from  the 
mother-liquor  of  that  substance  by  precipitating  with  tannic  add,  separating  the  tannic 
acid  from  the  resulting  resinous  predpitate  by  means  of  lead-oxide,  and  purifying  the 
bitter  substance  from  still  adhering  paridin  by  repeated  solution  in  water,  and  con- 
centration, the  paridin  then  crystallising  out  Paristyphin  is  thus  obtained  as  an  am- 
orphous mass,  which  is  resolved  by  boiUng  with  water  into  glucose  and  paridin : 

C»H«*0»«     +     2H*0       =       C«H*«0»«     +     C^«0«. 

VAJUCBXAAi.  See  Lichens  (iii.  587). — Panndia  oeratophyUa  var.  physodtM 
also  called  Piirmelia  physodes,  contains  two  neutral  substances,  physodin  and  cer^ 
atophyllin  (see  Physodin). 

and  PAXanUb-TB&XiO'W  are  colouring  matters  contained 
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in  Parmdia  parieHna,    The  latter  ib  chiefly  chiysophanic  acid,  and  the  former  appears 
to  be  produced  from  it. 

9AMTStBKZC  ACXS.  The  name  ^ven  bvPerettito  the  acid  which  forms  in 
distilled  chamomile  water  after  long  keepmg.  It  is  said  to  form  a  crystalline  calcium* 
salt 

PASTZWO*  The  separation  of  gold  from  silver  by  means  of  nitric  acid  (ii  929, 
932). 

PABSirrs  8T3.TB  OF  MSTJLUi.    See  Elbctbicitt  (iL  430). 

PASTS  or  8TBASS.  A  kind  of  glass  used  in  the  manufi&cture  of  artificial 
gems.    See  G-lass  (ii.  841) ;  also  Ur^s  Dictionary  of  Arts,  &c.  (iii.  407). 

PASTZVACZWa.  A  peculiar  substance,  probably  an  alkaloid,  said  by  Witts  tein 
(Buchn.  Bepert.  zviii.  15)  to  exist  in  the  seeds  of  the  parsnep  {Pastinaca  sativa), 

PASTO-BB8ZV.  C^®H*0^ — ^A  resinous  substance  of  unknown  origin,  imported 
from  South  America,  where,  according,  to  Boussingault,  it  is  used  by  the  Fasto 
Indians  for  yamishing  wood.  It  is  yiscid  and  capable  of  being  extended  into  veiy 
tenacious  films,  which  gradually  harden  without  becoming  britde.  It  is  destitute  of 
taste  and  smell,  has  a  Titreous  fracture,  and  is  heavier  than  water.  When  heated  above 
100^,  it  becomes  elastic  like  caoutchouc,  takes  fire  and  bums  with  a  smoky  flame. 
Alcohol  and  ether  extract  from  it  a  small  quantity  of  sreen  resin,  and  leave  a  strongly 
tumefied  mass,  perfectly  soluble  in  caustic  potash.  Oil  of  turpentine  does  not  act  upon 
it;  strong  sulphuric  acid  dissolves  it  without  decomposition.  (Boussingault^  ibin. 
Ch.  Pharm.  Ivi.  217.) 

PATCBOmbZ.  Pachupat  or  PaUcha-pat. — The  herb  of  Pogostemon  Patchouli,  L., 
a  labiate  plant  indigenous  in  the  East  India  Islands,  and  employed,  on  account  of  its 
pungent  odour,  like  that  of  Chenopodium  anthelminticumf  for  preserving  fur  from  the 
attacks  of  insects;  also  in  peifiimeiy.  When  distilled  it  gives  off  about  2  per  cent  of 
volatile  oil.     It  also  contains  tannin  and  a  green  odorous  resin. 

The  volatile  oil  of  patehouli  is  brownish-yellow,  somewhat  viscid  like  olive-oil,  has  a 
specific  gravity  of  0*9554  at  15*5^,  and  yields  at  257^  a  hydrocarbon  resembling  oil  of 
cubebs ;  the  portion  which  boils  at  a  higher  temperature  contains  the  blue  substance 
called  ccerulein  (see  Oils,  Volatilb,  p.  185).  For  the  refractive  power  of  patchouli- 
oil,  see  the  table,  p.  186. 

PATZVA*  Antike  patina^  Patina  antique,  or  Patina  verte, — These  names  are 
applied  to  the  hard  green  or  blue-green  deposit  of  cupric  carbonate,  having  the  com- 

position  of  malachite  (Cu'CO^.H'O)  which  forms  on  copper  or  bronze  that  has  been 
exposed  to  moist  air  for  a  long  time,  or  has  lain  for  years  underground.  It  is  imitated 
artificially  by  wetting  the  surface  of  the  metal  with  dilute  solutions  of  acetic  acid, 
nitrate  of  copper,  sal-ammoniac,  salt  of  sorrel,  &c.,  and  exposing  it  to  the  air.  That 
the  deposit  may  have  the  requisite  hardness,  it  must  be  formed  slowly,  and  hence  it  is 
necessary  to  use  dilute  solutions.    (See  Handworterhwh  d.  Chemie,  vi  100.) 

Syn.  with  AacuLiT& 

A  variety  of  hypersthene  from  the  island  of  St  Paul,  on  the  coast  of 
Labrador.  Specific  gravity  3*389.  Contains  51*36  per  cent  silica,  0*37  alumina^ 
21 '31  magnesia,  21*27  ferrous  oxide,  1*32  manganous  oxide,  and  3*09  lime  (—  98*72). 
(D amour,  Ann.  Min.  [4]  y.  147.) 

PAmbOWWZA  ZMPSRZAZiZS.  A  colouring  matter  has  been  obtained  from 
the  capsules  of  this  plant  by  Belhomme  (Compt  rend.  xlviL  214)  ;  but  no  particulars 
have  been  pubUshed  respecting  it. 

PAVZBTZVa  Fraxeiin{u.  707). — According  to  recent  experiments  by  Bo  chleder 
(J.  pr.  Chem.  zc  433),  this  substance,  produced  by  the  decomposition  of  paviin  fr^m 
norsechestnut  bark  {vid,  inf.),  has  the  composition  C'H'O*.  It  has  a  lemon-yellow 
colour,  becomes  straw-yellow  at  120*^,  and  is  converted  by  sublimation  at  200^  into  a 
mass  of  wooUy  crystals.    It  has  an  acid  reaction  and  combines  with  bases. 

PAVnv.  Fraxin  (ii.  708). — This  substance  is  contained  in  that  portion  of  the 
precipitate  formed  by  neutral  acetate  of  lead  in  the  aqueous  decoction  of  norsechestnut 
bark,  which  is  soluble  in  water  containing  acetic  add.  Its  composition,  as  determined 
by  analysis,  is  (y*W*0*^  »  4C>«Hi«0>«  H<0.  When  heated  in  a  stream  of  carbonic 
anhydride  to  160°  it  becomes  anhydrous  (more  [quickly  at  200®),  and  has  then  the 
composition  CH'^O'*.  Paviin  at  117°  is  pale-yellow,  amorphous,  easily  friable  and 
■till  contains  water ;  it  melte  at  190°.  When  recrystallised  from  hot  alcohol  it  is  pure 
white  and  gives  off  its  wafer  between  110°  and  113°.  By  boiling  with  dilute  acids,  it 
is  resolved  into  glucose  and  pavietin  or  fraxetin,  according  to  the  equation : 

Ci«H»0"     +     H«b      »      C'*HK)»     +     C^>«0«, 
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according  to  which,  100  pts.  paviin  should  yield  55'6  pU.  payietln ;  the  quantity  found 
was  65*2.     (Rochleder,  he.  cit.) 

TWJLm  Piaum  sativum. — ^The  composition  of  the  seed  and  straw  of  this  plant  has 
been  investigated  by  seyeral  chemists. 

The  following  determinations  of  the  nitrogen,  fat,  ash,  and  water  in  fresh  pea-seeds 
are  by  Ward  and  £ggar,  made  under  Way's  direction  (Agr.  Soc.  J.  toL  z»  pt  2; 

Jahresb.  1849,  p.  708): 

Nitrogen  Fat  Water 

percent,  percent,  percent. 

White  or  garden  peas,  grown  on  clay  soil      .  3'57  1*01  15*40 

White  or  garden  peas,  grown  on  sandy  soil    .  ,        2*97  .    •  13*60 

Grey  or  field  peas,  grown  on  clay  soil    ....         3-47  1"54  16*60 

Grey  or  field  peas,  grown  on  sandy  soil  3  28  1*04  16*40 

Poggiale  (J.  Pharm.  [3]  xxx.  180,  255;  Jahresb.  1856,  p.  808)  found  in  common 
green  peas,  dried  and  shelled,  57*7  per  cent,  starch,  dextrin  andsugtur,  21*7  nitrogenoua 
substance  (legumin),  1*9  fatty  matter,  -2-8  ash-constituents,  3*2  c^ulose,  and  12*7 
water. 

W.  Mayer  (Ann.  Ch.  Pharm.  cL  1*29;  Jahresb.  1867,  p.  637)  has  made  the 

following  determinations  of  the  water,  phosphoric  anhydride,  nitrogen  and  ash  in 

garden  and  field  peas : 

Air-dried.  Dried  lubstance. 


.A. 


H«0.  P«0».  N.            A»h. 
Selected  peas  from  the  garden  of  the  Agricultural 

Society  at  Munich 9-58  1*458  4*87         3*45 

Bohemian  field  peas    ......        899  1408  4*81 

Field  peas  from   Schleissheim,    Upper  Bavaria 

(calcareous  soil) 13*62  1025  4*25         2*91 

The  shells  of  peas  weigh  from  0*8  to  1  per  cent,  aa  much  as  the  seed.  The  weight 
of  straw  is  about  2*7  times  as  mach  as  that  of  the  seed,  or  27  pts.  seed  to  73  pts.  straw 
in  100  pts.  of  total  weight  (Schwerz).  100  pts.  of  pea-straw  contain  12  pts.  nitrogen- 
ous matter,  21*9  matter  soluble  in  pota£h,  47*5  per  cent  non-azotised  matter  insoluble 
therein,  6*0  ash,  and  12*0  water. 

WayandOgston  (Agr.  Soc.  J.  voL  vii.pt.  2;  Jahresb.  1849,  p.  672)  found  in 
peas  of  various  kinds  (air-dried)  from  13*6  to  17*5  per  cent,  water;  and  the  peas  dried 
at  100^  were  found  to  contain  0*25  to  0*372  per  cent,  sulphur,  and  2*39  to  2*68  per 
cent.  ash. 

In  the  straw  of  garden-peas  (air-dried)  the  same  chemists  found  15*38  to  15*64  per 
cent  water;  that  of  white  peas  dried  at  100°,  yielded  8*92  to  9*40  per  cent,  ash ;  that 
of  grey  peas  6*6  to  7*5  per  cent. 

The  composition  of  the  ash  of  peas  and  pea-straw,  as  determined  by  Way  and  Ogston, 
is  given  in  the  table,  p.  359. 

The  ash  of  pei^straw  has  also  been  analysed  by  Her  twig,  with  the  following 
results: 

a.  Pea-straw  from  Duderstadt ;  b.  from  Thuringen. 

Carbonate  of  Potassium 

Carbonate  of  Sodium 

Sulphate  of  Potassium 

Chloride  of  Sodium 

Silica 

Carbonate  of  Calcium 

For  numerous  other  analyses  of  the  ash  of  peas  and  pea-straw,  made  chiefly  at  the  in- 
stigation of  the  Prussian  Agricultural  College,  see  Liebig  andEopp's  Jahresbericht, 
i.  1074,  Table  A.  Nos.  5,  6,  7,  8,  10, 11 ;  and  u.  666,  Table  B.  Nos.  1—32. 

kOB.     See  Fbuit  (ii.  715). 


a, 

41( 
8*8 

6. 

4*3 

10*7 

120 

4*6 

3-7 

7-8 

16-6 

47-8 

49*7 

a. 

5. 

Magnesia 

4  0 

1-4 

Phosphate  of  Calcium 

51 

11 

Phosphate  of  Magnesium  . 

4-4 

7*8 

Ferric    and   Aluminic 

Phosphates 

21 

3-6 

98-9     99*1 


kCOOX  COPVBR  OMMm    Syn.  with  Pcbflb  Coppbb.     (See  Copfkb,  Sut- 
FHIDBS  OF,  iL  78.) 


A  highly  prized  spherical  concretion  found  within  the  shell  of  the  pearl- 
oyster.  These  molluscs  are  subject  to  a  kind  of  disease,  caused  by  the  introduction  of 
foreign  bodies  within  their  shells.  In  this  case  the  inner  layer  of  the  shell,  the  mother- 
of-pearl  (p.  322),  instead  of  being  spread  in  thin  hiyers  on  the  inside  of  the  shell, 
accumulates  round  these  particles  in  concentric  layers,  forming  pearls.  These  concre- 
tions consist  of  carbonate  of  calcium  interstratified  with  cellular  membrane.  They  hare 
a  bluish-white  colour,  with  considerable  lustre  and  iridescence.  The  most  valuable 
pearl  fisheries  are  on  the  coast  of  Ceylon,  and  at  Olmutz  in  the  Persian  Gulf. 


PEA. 


353 


0. 


S  ' 

"  o 
a* 
O 


•         ••••■•••  • 

coeocor«rHfHCOao^       -44 

»-•  CO  1^ 


CO  o  CO 
oa  US  Qo 

•  a  • 

0>  t>-CO 


ca   . 

11 

O 


a 
o 


I 


^ 


1 


o 


oc4b-r<-^-o>coookO 

C0Ci«i-«i-iO«0«"^«0 

•         ••••■••• 

1-l-^b.t^rHOOeOC^-^ 
O*  CO  1-4 


00  CO  o> 

o>  ^  ^« 
a»  ^  >b 

O) 


ocoG^toeoeooodoo 

•         ••••••■• 

t«00>-^e^«4<udaoco 

i-l  GO  *-4 


o 

O) 


»*  O  CO 

o>  »o  o 

•         •         « 

o)  t^  ^<> 

O) 


0  8 
O 


c4kOr-•^<>t^c4^•cooo 
c^o^coc^tococo-^eo 

•  »•••■••  a 

eooaoQOf-400;oo>ko 

r-l         00 


04 


t*  1-1  i-t 

O)  CO  >» 

•  •  • 

O)  ^-co 


JS 

o* 
m 

a 

d 

o  o 


I 

r 


So 
a* 

O 


1^ 


o 
o 

01 


•-Ht<.oaoc400)o 
aot»coooco<oao»« 

•         •••■••• 

t^COOUSOi-lO-^ 

CO 


O  CO  -^ 

O  »0  »H 

b  e^  o< 

o 


O  •  00  QO  00  t«  00  e<l  O  C9  <<<|4 

t<,  r«  r«  ..^  •'tft  CO  00  kO  00  c4 

1-1  •^tOO'^OOCOCOrH 

<^  CO 


c»  op  Tl< 

a>  e^  cii 

o» 


CO  l"»  CO  04  '^  00 

■^«»  04  I:*  0»  Tf«  04 

•      ••••• 

04  CO  »0  »0  O  CO 


^  00  04 

C^  cO  ^ 

•      •      * 

09 


a 
o 


O 


I 


»  O 

O 


e4.i-«»Hf-ico»o»oco 

04         -^  CO  04  04  »0  a»  CO 
0»     ,  CO  CO  »H  t^  i-«  I-l  »o 

CO  00 


o 


Oi-^coeoco-^040co 

•^04000K>-Oi-4>-(0) 

«■•  ■■  •••• 

^  CO 


CO  O  ^ 
O  CD  04 

b  04  04 

o 


CO  "*  CO  CO  ■<*  O  CO  00  »o  .^ 

•^•^r-iocot^-r^aao  00 

lOOCOt^OCOrHOOO  .04 
CO                                       c^ 


l»  00  t« 

00  -^  00 

O)  04  04 

O) 


00  00  t« 

od  00  r* 

b  04  04 
o» 


o  o  "* 
O  -^  00 

b  04  04 

o 


I 


s 


S 

ca 


QO-Hcoeococo<^coco 
coo4^t»t::«oio>po4 


CO 

CO 


04 


O  CO  10 
CO 


O  04  i-i  oa  •-• 

04 


O  04  U3  CO 

«o  O  ^O  oa 
•  ■   *  2^ 

fH  >C  "^  CO 


»0  -^  04  »0 

00  00  1-4  00 


o 

CO 


»c 


O  04  00 

04 


«■< 


CO  O  CO 

0»  '^  O) 

•    •    • 

Od  a»  t>» 

O) 


oa  00  to 

oa  CO  04 

b  04  C4 

oa 


S 

-a 


« 

is 

GO 


a 


t»coo4co^*oeoeo»-* 
Qooooaeor-ioo^eocp 

COi-lCOOO»-<«-^040fH 
^  CO 


CO 


CO  c<i  04 
o»  oa  «o 

■         •        • 

00  r« 


s 


C4r-r<«co»oocoaoo 
o  OS  «3>  cp  C4  t- r«  7^  04 

^fibbcOO^rHCO^ 


C4 


eo 
04 

00 


•    •    •     •     •Is     • '^  Si  W  03 

o'f.iJrs'fra  aj33 


^  CO  t>- 

Oi  Oi  Oi 

•    •    « 

CO  04  i-H 

O 


'§.§. 


360  PEARL-ASH— PEAT. 


PartiaUy  pnrified  carbonate  of  potassium,  prepared  fix>m  the  ashei 
of  plants  (see  Garbonatbs,  i.  790). 

[XCA.    Syn.  with  Maboabitb. 

Ofc  or  Fevrite, — A  variefy  of  opal  occurring  in  the  cavities  of 
Tolcanic  tufa  (see  Opal,  p.  204). 

VMAJtZi-SPAX.  This  name  is  applied  to  rhombohedral  crystallisations  of  dolomite 
(magnesio-calcic  carbonate)  having  curved  faces  and  a  pearly  lustre ;  when  the  crystals 
are  not  curved,  and  have  a  brown  or  reddish-brown  colour,  they  are  called  brovon  spar: 
the  latter  variety  contains  from  5  to  10  per  cent,  oxide  of  iron  or  manganese. 

PBAJUb-BTOWB.    A  felspathic  mineral,  having  a  pearly  lustre,  occurring  in 

Sherules  or  spheroidal  concretions.    Specific  gravity  2*3  to  2*4.    A  specimen  fix>m 
ungaiy  analysed  by  Erdmann  gave  72*87  per  cent  silica,  12*05  alumina,  l*75ferric 
oxide,  1*30  lime,  1*10  magnesia,  6*13  potash  and  soda,  and  3'00  water  (a  98*20). 

FMASTOn  or  WIBOUPTM,  A  calcareous  rock  consisting  of  spherical  grains 
like  oolite,  but  differing  therefrom  by  the  larger  size  of  its  particles,  which  are  composed 
of  concentric  laminae.  • 


Torf;  Tourbe. — This  product  of  the  natural  alteration  of  plant-tissues  is 
of  frequent  occurrence  in  places  where  the  presence  of  stagnant  water  or  a  very  humid 
atmosphere  and  certain  otner  conditions  have  favoured  the  growth  of  mosses  and  marsh 
plants,  together  with  certain  kinds  of  grass,  heath,  &c  The  remains  of  these  plants, 
gradually  accumulated  and  chemically  altered  to  a  greater  or  less  extent,  often  consti- 
tute beds  of  considerable  extent^  varying  in  thickness  from  a  few  inches  to  many  feet. 

There  are  manv  kinds  of  peat,  presenting  very  great  diversity  in  their  texture,  colour, 
and  most  other  characters ;  some  varieties  consist  almost  entirely  of  withered  remains 
of  plants  which  have  undergone  but  little  alteration  except  mechanically ;  in  other  varie- 
ties the  organised  structulre  of  the  plant  remains  more  or  less  distinctly  recognisable, 
and  in  other  kinds  there  is  no  obvious  indication  of  plant-structure  remaining.  Peat 
of  the  former  kind  is  generally  of  a  pale  yellowish-brown  colour,  very  bulky  and  re- 
tentive of  water ;  when  dried  it  is  very  light  and  spongy,  somewhat  resembling  com- 
pressed hay,  and  its  specific  gravity  is  often  as  low  as  0-25.  Peat  of  the  latter  kind, 
on  the  contrary,  is  either  black  or  dark  brown,  and  in  its  natural  state  has  a  clayey 
consistency  without  any  fibre,  so  that  it  can  sometimes  be  wrought  into  tiles  or  pipes 
for  draining  purposes ;  when  such  peat  is  dried,  it  shrinks  considerably,  and  becomes 
denser  than  water,  very  good  kinds  having  sometimes  4i  specific  gravity  of  1*25.  Be- 
tween these  two  extremes  numerous  intermediate  kinds  of  peat  are  met  with.  In  the 
natural  state,  peat  is  always  mechanically  mixed  with  a  very  laige  proportion  of  water, 
varying  from  eighty  to  upwards  of  ninety  per  cent,  by  weight,  the  fibrous  kinds  always 
containing  the  largest  amount  of  water.  When  the  water  is  separated  by  drying  the 
peat  in  thin  slices  in  the  air,  a  quantity  still  remains  which  is  not  separable  by  air- 
diying,  and  amounting  generally  to  15  or  30  per  cent,  of  the  air-dried  material. 

The  large  amount  of  water  mixed  with  peat  in  its  natural  state  is  the  most  serious 
obstacle  to  the  useful  application  of  this  material  upon  any  extensive  scale,  as  fuel  and 
for  other  purposes,  for  the  practical  difiiculties  of  separating  this  water  by  air-drying 
rapidly  increase  in  proportion  to  the  extent  upon  which  the  peat  is  collected.  The  hygro- 
scopic water  still  remaining  in  air-dried  peat  is  also  highly  prejudicial  to  its  utility 
as  Aiel.  Hence  it  is  that  wherever  coal  can  be  obtained  at  a  moderate  cost,  not  ex- 
ceeding ten  shillings  per  ton,  it  is  impossible  to  use  peat  as  fuel  with  advantage,  and 
it  may  be  preferable  to  use  coal  even  where  it  costs  as  much  as  twenty  shillings  per 
ton,  when  the  peat  is  far  distant  from  the  place  where  fuel  is  required,  inasmuch  as 
the  carriage  of  peat»  which  has  a  much  smaller  fuel-value  than  coal,  will  often  make  its 
cost  equal  to  that  of  an  equivalent  quantity  of  coal.     (See  Fuel,  ii.  723.) 

The  composition  of  dry  peat  presents  differences  as  great  as  those  existing  between 
the  several  kinds  in  other  respects. 

The  amount  of  ash  in  peat  is  very  variable,  as  will  be  seen  from  the  following  table, 
and  there  are  equally  preat  differences  in  the  composition  of  these  ashes.  It  is  very 
rarely  that  the  composition  of  peat-ash  is  such  as  to  admit  of  the  opinion  that  it  repre- 
sents merely  the  mineral  constituents  of  the  plants  from  whose  remains  the  peat  has  been 
formed.  In  most  cases  a  large  portion  of  this  ash  is  referrible  either  to  mere  me- 
chanical admixture  of  earth,  or  to  the  deposition  of  mineral  substances  from  water 
permeating  the  peat>  and  consequently  the  composition  of  the  ash  is  much  influenced  by 
the  nature  of  the  prevailing  rocks  in  the  neiglibourhood  of  peat-deposits,  or  such  parts 
of  those  rocks  as  are  carried  away  either  mechanically  or  chemically  by  the  action  of 
water.  The  permeation  of  peat  by  water  probably  exercises  a  further  influence  in 
altering  the  composition  of  its  mineral  or  ash  constituents,  by  abstracting  certain  sub- 
stances, in  virtue  either  of  a  kind  of  dialysis  or  of  chemical  reaction.    Such  being  the 
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case,  the  composition  of  peat-ashes  and  the  nature  of  the  changes  they  hare  undergone 
would  be  determined  mainly  by  local  conditions,  and  in  this  way  the  great  diyersity  of 
composition  which  is  found  to  exist  may  be  to  some  extent  accounted  for. 

"When  air-dried  peat  is  exposed  to  a  temperature  of  100°  C,  it  generally  loses  from 
15  to  30  per  cent,  of  itd  weight,  consisting  chiefly  of  hygroscopic  water;  but«  according 
toMarsilly,  some  decomposition  takes  place  even  at  that  temperature,  and  volatile 
products  containing  carbon  and  hydrogen  are  CTolved  in  small  quantity.  At  higher 
temperatures  peat  is  entirely  decomposed,  yielding  the  ordinary  products  of  dry  or  de- 
structive distillation,  viz.  gas,  tar,  a  watery  liquid,  and  a  carbonaceous  residue.  These 
products  and  their  constituents  are,  in  their  general  character,  intermediate  between 
the  analogous  products  obtained  under  similar  conditions  from  wood  and  from  bitu- 
minous minerals,  their  relative  amount,  chemical  nature,  &c,  being  dependent  upon 
the  temperature  at  which  the  decomposition  takes  place,  as  in  all  other  cases  of  destruc- 
tive distillation.  The  several  products  of  the  distillation  of  peat  also  vary  to  some 
extent  both  in  quantity  and  quality  according  as  the  peat  approximates  more,  on  the 
one  hand,  to  unaltered  wood,  or  on  the  other  hand  to  coal,  just  in  the  same  manner  as 
there  are  similar  differences  of  degree  between  the  products  of  different  bituminous 
minerals. 

CoMFOsrrioN  of  Prat. 


Water 

Percentage  compoeition  of  peat  dried  at  lOQP  C. 

Speciac 

In 

1 

graticy. 

air-dried 
peat. 

Carbon. 

drogeii. 

Oxygen. 

Nitre- 
gen. 

Aih. 

Authority. 

Cappoge     . 
Kilbeggan . 

•      ■ 

5105 

6-85 

39-55 

2-66 

Eane 

•      t 

6104 

6-67 

30-46 

1-83 

Kilbaba 

•      * 

5113 

6-33 

34-48 

8-06 

Phillipstown 

1 

0-406 

58-69 

6-97 

32-88 

1-45 

1-99 

Sullivan 

0-669 

60-48 

610 

32-55 

0-88 

3-30 

and  Gages 

1 

0-335 

59*92 

6-61 

32-22 

1-26 

2-74 

Wood  of  AUen    • 

0-639 
to 

>•      • 

61*02 

5-77 

32-40 

0-81 

7-90 

it 

„ 

> 

0-672 

ff 

Devon 

0-850 

25-56 

54-02 

5-21 

28-17 

2-30 

9-73 

Vaux 

Island  of  Le 

1*130 

23-20 

60-00 

6-90 

30-00 

1-30 

1-90 

Paul 

Br^Ies 

0 

217 

46-80 

5-65 

4115 

6-40 

MarsiUy 

314 

47*48 

7-16 

36*06 

9-00 

K 

Th^sy 

307 

60-67 

5-76 

36-95 1     1-92 

6-70 

If 

7*20 

43-66 

6-79 

36-66 

14-00 

•• 

Bourdon     . 

5-55 

47-69 

601 

39-30 

7-00 

Camon 

5-59 

4611 

5*99 

35-97       2-63 

9-40 

ft 

Riemencourt 

1*81 

12-99 

2-22 

19-31 

66-01 

,, 

Vulcaire     . 

57*03 

6-63 

29-67 1     209 

6-58 

Regnault 

Long 

58-09 

6-93 

31-37 

4-61 

}y 

Framont     . 

57*79 

6-11 

30-77 

5-33 

„ 

Friesland   .         | 

57*16 
59*86 

6-65 
5-52 

33-39 
33-71 

3-80 
0-91 

Mulder 

Holland     . 

60-85 

4-66 

30-26 

14-25 

ff 

Rammstein 

16*70 

62-15 

6-29 

27-20       1-66 

2-70 

Walz 

Steinwenden 

1600 

57-50 

6-90 

31-81      1-75 

2-04 

•t 

Kiedermoor 

1700 

47-90 

5-80 

42-80 

3-60 

If 

► 

15*70 

5013 

4-20 

31-44 

8-92 

Baer 

Prussian     . 

to 

21*70 

55-01 

5-36 

35-24 

11-17 

,, 

C 

17*63 

56-43 

6-32 

38-35 

9-86 

Jaekel 

Havel        .         < 

19-32 

53-51 

6-90 

40-59 

6-60 

If 

I 

18-89 

53-31 

6-31 

41-38 

6-80 

„ 

Linum 

31*34 

59-43 

6-26 

35-81 

11-99 

ff 

Hamburg   . 

18*83 

57-20 

5-32 

37-56 

2-31 

fi 

Rremen                  \ 

•     • 

57-84 

5-85 

82-76 

0-95 

2-60 

Brenninger 

1*^*  ^»aaj  ^*a           «                      i 

. 

5703 

5-56 

34-16 

1-67 

1-67 

ft 

Schopfloch . 

20*00 

63-59 

6-60 

80-32 

2-71 

8-10 

Kesslerand 

Sindelfingen        | 

18-00 

45-44 

5-28 

26-21 

1-46 

21-60 

Petersen 

18*00 

38-72 

4-24 

25-89 

0-88 

30-60 

f) 

( 

11*77 

46-76 

8*57 

2587 

0-67 

0-89 

f  f 

Baden        .        < 

•     • 

to 

9  9 

^ 

18-55 

60-79 

7*10 

49-01 

6-33 

14-76 

)» 
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Analtsbs  of 

Pbat  AsHsa 

Source.  '< 

Dutch. 

Scotch. 

Amerlcaa. 

voriaa. 

Iriih. 

Aathoritj. 

Andenon 

■ 

JohnsoxL 

Wagner. 

SulliTsn  and  Gagw. 

Soda  . 

11 

10 

•        • 

0-6 

•    • 

0-3 

0-679 

1-427 

Potash 

1-2 

07 

0-4 

07 

0-8 

07 

0-347 

0-362 

Magnesia  . 

4-5 

0-4 

•           a 

60 

4-9 

0-9 

1-256 

3-892 

Lime 

117 

1-2 

1-3 

40-6 

36-6 

11-2 

46-581 

26-113 

Alumina    . 

2-9 

t         • 

1-8 

.     • 

•     • 

28-4 

0129 

4-180 

Ferric  oxide 

6-3 

307 

12-5 

51 

91 

4-5 

15-974 

11-591 

Phosphoric  acid . 

• 

•     • 

•         • 

05 

07 

0-9 

0188 

1-461 

Sulphuric  acid   . 

97 

66 

20 

6-6 

10-4 

2-6 

44-371 

12-403 

Chlorine     . 

1-5 

• 

01 

01 

0-4 

trace 

HCl  0-337 

1-568 

Silica 

9-8 

*    . 

81-6 

8-2 

1-4 

12-3 

1-043 

0-980 

Carbonic  acid     . 

•    • 

.     . 

•    • 

•    • 

■    • 

10 

16-120 

13-695 

Sand,  claj,  &c  . 

61-5 

60-6 

■     • 

317 

37-3 

37-2 

2-653- 

22-519 

99-678 

99-691 

The  chemical  nature  of  the  change  bj  which  peat  has  been  produced  from  plant-i^ 
mains  is  probably  Teiy  similar  to  that  by  which  bituminous  minerals  have  been  formed 
from  analogous  materials.  It  consists  chiefly  in  elimination  of  orjrgen  and  hydrogen 
in  the  proportion  to  form  water,  also  of  oxygen  and  carbon  in  the  proportion  to  form 
carbonic  acid,  and  of  hydrogen  and  carbon  in  the  proportion  to  form  marsh  gas  and 
perhaps  other  hydrocarbons,  the  main  feature  of  this  cnange  being  the  increase  in  the 
amount  of  carbon  in  the  residual  substance.  Hence  the  composition  of  different  kinds 
of  peat  varies  in  proportion  to  the  extent  to  which  this  alteration  may  have  advanced, 
and  peat  which  has  been  little  altered  will  possess  a  compoflition  more  or  less  approxi- 
mating to  that  of  ligneous  tissue  or  of  wooo,  while  those  kinds  which  have  undersone 
greater  alteration  will  possess  a  composition  approximating  more  to  that  of  ctm,  or 
ugnite,  or  other  bituminous  minerals,  according  to  the  conditions  under  which  this 
chanffe  has  taken  place.  The  physical  characters  of  peat,  such  as  texture,  colour,  den- 
sity, &c.,  also  bear  a  similar  relation  to  the  degree  of  chemical  alteration  which  has 
been  reached,  the  fibrous,  light  coloured,  spon^  kinds  being  most  similar  to  wood  in 
composition  as  well  as  most  unlike  coal  or  hgnite,  &c,  while  on  the  contrary  the  com- 
pact, dark  coloured,  dense  varieties  of  peat  often  resemble  lignite  and  some  kinds  of 
coal  in  composition  as  well  as  in  their  physical  characters.  It  is  indeed  probable  that 
peat  may  be  regarded  as  a  sort  of  intermediate  product  of  the  same  general  mode  of 
alteration  by  which  coal  and  other  bituminous  minerals  have  been  formed,  and  that  if 
deposits  of  peat  were  placed  under  conditions  such  as  those  in  which  coal,  &&,  have 
been  produced,  the  peat  might  in  process  of  time  become  converted  into  coal. 

B.  H.  P. 


U  A  fermentative  substance  existing  in  fruits,  and  having  the  property 
of  converting  pectin  into  pectic,  parapectic^  and  metapectic  acids.  It  has  not  been 
obtained  in  the  pure  state.    (See  p.  362.) 


I     See  Pbctous  Sttbstancbs  (p.  362). 


Otmdite, — A  hydrated  silicate  of  calcium  and  sodium,  occurring 
in  aggregated  adcular  monoclinic  crystals,  having  nearly  the  same  angles  as  woUas- 
tonite,  and  cleaving  perfectly  parallel  to  the  orthodiagonal.  Twins,  parallel  to  ooPoo ,  are 
of  frequent  occurrence.  It  also  occurs  fibrous,  massive,  radiated  or  stellar.  Hardness 
•-  5.  Specific  gravity  »  2*68 — 2*74.  Colour  whitish  or  greyish,  with  sill^  or  sub- 
vitreous  lustre  on  the  fractured  surfi&ce ;  subtranslucent  to  opaque.  Totkgh  like  dys- 
dasite.  Melts  before  the  blowpipe  to  a  translucent  glass.  Decomposed  by  hydrochloric 
acid,  with  separation  of  flooculent  silica ;  gelatinises  if  previously  ignited. 

Analyses, — a.  From  Monte  Baldo  in  Upper  Italy  (v.  Kob^U,  Kastn.  Arch.  xiii. 
385 ;  XIV.  341).— 6.  Isle  Koyal,  Lake  Superior  (Whitney,  SilL  Am.  J.  [2]  vii.  434). 
-^.  Taliskcr,  Isleof  Skye;  specific  gravity  2784  (Heddle,  Phil.  Mag.  [4jix.  248).— 
d.  Castle  Hill,  Edinburgh,  associated  with  woUastonite  and  prehnite  (Heddle  and 
OreKi  loc.  cit), — e.  Knockdolian  Hill  near  Ballantra,  Ayrshire ;  specific  gravity  2*778 
(Heddle  and  Greg).—/.  Beigen  Hill,  New  Jersey;  mean  of  three  dosohr agreeing 
analvses  (Whi  t n  e  v,  Sill.  Am.  J.  [2]  xxix.  205).— o.  Langban's  iron-mine  in  Wermland, 
Sweden;  in  fibres  like  asbestos,  butmore  compact  (I  gels  trom,  J.pr.  Chem*.  Ixxxi  396). 
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*■ 

a. 

b. 

e. 

d. 

e. 

/. 

M- 

Silica 

51-30 

63-45 

53*82 

53-06 

53-24 

54-62 

52-24 

Alumina    . 

0-90 

4-94 

2-73* 

075 

100 

Lime 

33-77 

31-21 

29-88 

33-48 

32-22 

32-94 

33-83 

Ferrous  oxide 
Manganous  oxide  i 

•         • 

•     • 

•     • 

•         • 

•     • 

1-09 

1-75 

Soda 

8-26 

7-37 

9-55 

9-98 

9-67 

8*96 

8-48t 

Potash      . 

1-67 

•    • 

■         • 

• 

•    * 

•    • 

Water      . 

3-89 

2-72 

8-76 

313 

8-60 

2-39 

3-70 

99-69      99*69      99*74     10040      99*63     10000     100*00 
These  analyses  may  be  nearly  represented  by  the  formula  (Na*0.2SiO«).4(Ca''O.SiO«). 

It 

H«0  or  (NaHCa«)Si«0»  or  jj^^hcS*  1  ^*'  »qii™ig  54'87  per  cent.  sUica,  8*25  lime, 

9*20  soda,  and  2*68  water.    From  the  last  analysis  Igelstrom  deduces  the  formula 
3(2M»0.3SiO«).Ca''H«0«. 


^} 


VaOTOSIO  AOXB.I    See  FiCTOirs  SuBSTAKCBa 


PecHn,  PeeHe  acid,  PeetoM,  &c    (Vauquelin, 
Ann.  Chim.  v.  100;  yi.  282;  Ann.  Ch.  Phys.  [2]  xli.  46.— Br  aeon  not,  Ann.  Ch. 

6;  xlTii.  266;  Ixxu.  433.— Guil 


Phys.  [2]  xxriii.  173;  xxx.  96;  xlvii.  266;  Ixxu.  433.— Guibonrt,  J.  Chim.  m^d.  i 
27.— Mulder,  J.  pr.  Chem.  xiv.  277  ;  xvi.  246.— FrAmy,  Ann.  Ch.  Phys.  [3]  xxiy.  9- 
---Soubeiran,  J.  Pharm.  [3]  xi.  417. — ^Poumaride  and  Figuier,  J.  Pharm.  [3] 
xi:  458;  xii.  81.— Chodnew,  Ann.  Ch.  Pharm.  li.  356.— Fr.  John,  N.  Br.  Arch.  xly. 
24,  129.— Gm.  xy.  392.— Gerh.  ii.  584).— The  pulp  of  fleshy  fruits  in  the  unripe  state, 
also  fleshy  roots  and  other  yegetable  organs,  contain  a  substance  called  peetose,  which 
is  insoluble  in  water,  but  under  the  influence  of  adds  and  other  reagents,  is  transformed 
into  a  soluble  substance,  pectin,  identical  with  that  which  exists  in  ripe  fruits  and 
imparts  to  their  juice  the  property  of  gelatinising  when  boiled. 

Peetose  almost  always  accompanies  cellulose  in  the  tissue  of  plants,  but  as  it  is  in- 
soluble in  water,  alcohol  and  ether,  and  is  moreoyer  decomposed  or  altered  by  most 
reagents,  it  has  not  yet  been  isolated.  It  is  this  substance  which  giyes  the  hardness  to 
unnpe  fruits.  It  is  probably  isomeric  with  cellulose,  or  difibrs  fri>m  it  only  by  tho 
elements  of  water. 

Pectin  does  not  exist  ready  formed  in  fruits,  excepting  when  they  are  yeiy  ripe.  It 
is  formed  in  fruits  from  peetose  under  the  influence  of  heat,  its  formation  being  then 
due  to  the  action  of  citric  and  malic  acids.  The  juice  expressed  from  an  unripe  apple 
does  not  contain  a  trace  of  pectin,  but  if  it  be  boiled  for  a  few  minutes  with  the  pulp 
of  the  fruit,  pectin  soon  appears  and  ^yes  to  the  liquid  the  peculiar  yiscosity  which 
characterises  the  juice  of  aU  boiled  frmts. 

Pectin  may  also  be  formed  by  boiling  the  pulp  of  carrots  or  turnips  with  a  slightly  add 
liquid. 

Under  the  influence  of  adds  or  alkslis,  pectin  is  gradually  modifled,  and  ultimately 
transformed  into  a  strongly  acid  compound  called  metapecticacid,  passing  howeyer 
through  a  series  of  intermediate  modiflcations  called  by  Fr^my,  parapectin,  meta« 
pectin,  pectosic  acid,  pectic  acid,  and  parapectic  acid.  The  composition  of 
these  bodies  cannot  be  reg^ed  as  definitely  established,  as  they  are  unciystaUisable, 
and  it  is  yery  difl&cult  to  fr«e  them  completely  from  mineral  substances.  It  is  probable 
howeyer  that  they  are  either  isomeric  modifications  of  the  same  chemical  compound,  or 
else  differ  from  one  another  only  by  the  elements  of  water. 

Pectin  undergoes  transformation  not  only  when  subjected  to  the  action  of  the  aboye- 
mentioned  chemical  reagents,  but  also  in  the  liying  plant  According  to  Fr^my,  all 
yegetal  tissues  which  contain  peetose  (the  primary  material  from  which  pectin  is 
formed),  contain  also  a  kind  of  ferment  called  pectase,  comparable  in  its  mode  of 
action  to  the  diastase  of  germinating  barley  and  the  emulsin  of  bitter  almonds.  It  is 
an  unoystallisable  substance,  which  may  be  obtained  by  predpitating  the  juice  of  fresh 
carrots  with  alcohol.  The  pectase  which  was  preyiously  soluble  then  becomes  insoluble 
in  water,  without  howeyer  losing  its  power  of  acting  on  pectous  substances.  When  in- 
troduced into  a  solution  of  pectin,  it  quickly  conyerts  that  body  into  a  gelatinous  product^ 
insoluble  in  cold  water;  this  transformation  takes  place  in  water  at  the  temperature  of 
about  40^.    Pectase  immersed  in  water  for  two  or  three  days,  is  deoompoeed,  becomes 


*  With  ferric  oxide  and  magnetla. 
By  low.    A  direct  deCermUisUoii  of  the  water  In  the  mineral  dried  at  8J"  gare  S7ft— 1*08  per  cent. 
Bj  difference 


t 
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coTerc^  with  mould,  and  ia  then  no  longer  capable  of  acting  as  a  pectons  ferment ;  its 
fermentatiTe  action  in  likewise  paralysed  by  prolonged  ebullition. 

Pcctase  exists  in  the  vegetal  organism  sometimes  in  the  soluble,  sometimes  in  the 
insoluble  state.  Boots  like  carrots  and  beet-root  contain  soluble  pectase ;  their  juice 
in  fact  induces  the  pectuus  fermentation,  whereas  the  juice  of  apples  and  other  acid 
fruits  has  no  action  upon  pectin.  In  these  fruits,  the  pecCase  is  associated  with  the 
insoluble  portion  of  the  pulp,  so  that  when  the  pulp  of  unripe  apples  is  introduced  into 
a  solution  of  pectin,  this  solution  quickly  becomes  gelatinous,  in  consequence  of  the 
conversion  of  the  pectin  into  pectosic  and  pectous  acids.  Soluble  pectase,  as  already 
observed,  may  be  rendered  ihsoluble  by  precipitation  with  alcohoL 

When  a  fruit,  such  as  a  pear,  apple,  or  plum,  is  heated  in  contact  with  water,  it  ex- 
periences, according  to  F  r  im  y,  the  following  changes.  The  acid  contained  in  it,  which 
18  usually  a  mixture  of  malic  and  citric  acidjs,  first  acts  upon  the  pectoee  and  converts 
it  into  pectin,  part  of  which  remains  in  the  juice,  rendering  it  viscous  and  masking  the 
acidity  of  the  miit.  In  the  next  place  the  pectase,  acting  upon  the  pectin,  produces 
a  certain  quantity  of  pectosic  acid  which  gelatinises  on  cooling.  If  the  action  of  the 
pectase  be  prolonged,  the  pectosic  acid  may  be  changed  into  pectic  acid.  If  the  fruit 
18  rapidly  heated,  the  pectase  likewise  coagulates,  loses  its  activity,  and  no  longer  acts 
upon  the  pectin.  When  a  fruit  is  boiled,  the  pectose  alone  is  altered,  while  the  cel- 
lulose does  not  experience  any  change. 

Qreen  fruits,  as  already  observed,  do  not  contain  pectin  ready  formed,  but  only  pectose, 
the  scanty  precipitate  which  their  juiee  yields  with  alcohol  being  due  to  albuminous 
matter.  But  as  the  ripening  advances,  the  fruit  gradually  loses  its  hardness,  the  cells 
become  distended  and  semi-transparent^  and  the  juice  then  contains  only  pectin,  which 
does  not  precipitate  neutral  acetate  of  lead.  When  the  fruit  is  ripe,  the  juice  becomes 
gummy  and  contains  a  large  quantity  of  pectin,  and  stiU  more  of  parapectin,  which 
n>rm8  a  precipitate  with  acetate  of  lead.  At  this  time,  the  pulp,  if  carefully  washed, 
does  not  exhibit  any  sensible  quantity  of  pectose,  this  substance  having  been  changed 
in  the  process  of  maturation  into  pectin  and  parapectin.  Lastly,  fruits  in  the  over-ripe 
state  no  longer  contain  a  trace  of  pectin,  that  substance  having  been  converted  into 
■letapeotic  acid,  which  is  saturated  by  the  potash  or  lime  in  the  fruit. 

It  appears  then  that  the  gelatinous  or  pectous  constituenta  of  fruit  experience'dur- 
ing  vegetation,  transformations  identical  with  those  which  may  be  produced  in  them 
wtiflcially  by  the  action  of  acids,  water,  alkalis,  or  pectase. 

We  shall  now  describe  the  several  bodies  of  the  pectous  groups  taking  them  in  the 
order  in  which  they  are  formed  from  pectose. 

F«otlB«  This  substance  was  discovered  byBraconnot,  Fr ^my  prepares  it  hy 
treating  the  expreased  and  filtered  juice  of  very  ripe  pears  with  oxalic  acid  to  precipitate 
the  di»olved  lime,  and  with  tannic  acid  to  precipitate  albumin,  and  mixing  the  filtrate 
with  alcohol,  which  precipitates  pectin  in  long  threads.  These  are  purified  by  washing 
with  aleohol,  repeated  solution  in  cold  water,  and  precipitation  with  alcohol,  till  neither 
augar  nor  organic  acid  can  be  detected  in  the  solution. — Braco  nnot  boils  the  recently 
expressed  juice  of  ripe  apples  for  a  while  to  coagulate  the  albumin,  precipitatea  the 
filtrate  with  alcohol,  and  purifies  it  by  repeated  solution  in  water  and  precipitation  with 
•IcohoL — Poumar^de  and  Figuier  leave  comminuted  gentian-roots  to  soften  in 
warm  water,  wash  them  thoroughly  with  water  and  very  dilute  acetic  acid,  digest 
the  roots  thus  prepareii  with  very  dilute  acetic  acid  at  80° — 90<*  for  half  or  three- 
qoaiters  of  an  hour,  and  precipitate  the  solution  with  alouhol  of  36®. — ^Mulder  pre- 
cipitates the  exprt'ssed  and  filtt«red  juice  of  apples  with  aloohol,  and  boils  the  precipitate 
with  alcohvU.  to  remove  sugar,  malic  acid  ana  tannin. — Chodnew  obtained  pectin  : 
iL  By  boiling  cru&hed  pears  with  water,  precipitating  the  filtered  juice  with  alcohol, 
and  washing  with  alcohol  and  ether;  wher\^upon  it  becomes  opaque  and  acquires  the 
texture  of  woody  fibre.  ^This  pectin  is  not  pr^Mpitated  by  chloride  of  barium,  but 
gives  a  pn^ipitatewith  neutral  aoe^tate  of  leadand5ulpbat«^afcv>pper.  and  therefore  screes 
with  Fremy*8  parapectin,  p.  S64):— or  fi.  By  Knlimr  the  expressed  juice  of  i^ples» 
{wcipitating  witn  alcL^hoL  ivdis8olving  in  wat«T.  mi3LiQg  the  solution  with  hydio- 
chlv>ne  acKi  and  again  pr^vipitating  with  alcohoL  ^T:us  pectin  resembles  the  former, 
bat  has  a  slight  acid  i^'aotioo,  and  sometimes  r^ucee  an  alkaline  cupric  solution.) 

S  tilde  vAno-  Ch.  Fharm.  cxxxi.  68 >  prvpanw  pectin  from  radishes,  by  rasping  the 
putp.  leaving  it  to  nueerate  tor  some  hours  with  waiter.  pn?;<»iiur.  heating  just  to  the 


opuuoo ,  .  .  .  , 

^  Bo4  a  simple  pivcumate  principle  v^pcccoe«'X  but  a  compound  of  p^*cin  with  lime  ;  fior. 
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on  washiDg  radiflh-palp  completely  with  water  and  then  treating  it  with  an  acid,  lime 
passes  into  solution  as  well  as  pectin. 

Properties. — Pectin  is  a  white  amorphous  mass,  soluble  in  water,  neutral  to  test-papers, 
precipitated  by  alcohol  as  a  jelly  from  dilute  solutions,  in  long  threads  from  strong 
solutions.  When  pure  it  is  not  precipitated  by  neutral  acetate  of  lead,  but  it  is  gen- 
erally mixed  with  a  certain  quantity  of  parapectin,  which  ^ves  a  precipitate  with  that 
reagent.  With  basic  acetate  of  lead  it  gives  a  copious  precipitate.  It  has  no  action  on 
polarised  light    When  burnt  it  emits  an  odour  like  that  of  tartaric  acid. 

The  following  are  the  results  of  the  analyses  of  pectin  prepared  in  various  ways,  de- 
ducting the  mineral  substances  with  which  pectin  is  always  contaminated,  in  whatever 
way  it  may  be  prepared: 


Mulder. 

Chodnew. 

_     1 

Frgmy. 

Poumardde  ft  Figuier. 

a. 

b. 

c. 

d. 

e. 

e. 

e. 

/. 

^•2 

A. 

44*6 

45-9 

460 

43*8 

39-7 

89-5 

40ft 

43*8 

43-8 

6-4 

6-5 

5-5 

6-5 

55 

5-6 

6'5 

6-9 

.V6 

6-6 

80-0 

49*3 

48-fr 

60-7 

54-8 

64-9 
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51-8 
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Carbon 
Hydrogen     . 
Oxygen 

100  0    100*0    100*0    100-0    100-0    100  0    looo    100*0    100*0    loot) 

a.  Pectin  from  sweet  apples  at  120^,  leaving  5*9  per  cent,  ash,  consisting^of  nearly 
pure  lime,  with  a  little  silica  and  iron  oxide. — b.  Pectin  of  sour  apples  at  120^,  leaving 
9*3  per  cent.  ash. — c.  Mean  of  two  analyses  of  pectin  from  pears  at  1 16^ ;  it  contained 
8*5  per  cent,  ash,  composed  of  lime,  magnesia,  iron-oxide,  potash,  chlorine,  sulphuric 
acid  and  phosphoric  acid. — d.  Pectin  of  apples  at  115^,  leaving  1*59  per  cent  ash,  con- 
taining much  ferric  phosphate  without  a  trace  of  carbonic  acid. — e.  Pectin  ofripepearsL 
/.  Mean  of  three  analyses  of  pectin  from  gentian  dried  at  120°,  and  still  containing 
mineral  substances. — g.  Mean  of  two  analyses  of  pectin  from  gentian  dried  at  120^ 
and  freed  from  the  greater  portion  of  metallic  oxide  by  treatment  with  alkalis  and 
adds. — h.  Pectin  from  carrots  dried  at  120°. 

The  preceding  analyses,  though  they  agree  pretty  nearly  in  the  amount  of  hydrogen, 
yet  differ  so  greatly  in  the  carbon  that  it  is  impossible  to  represent  them  by  any  one 
formula.  The  discrepancy  doubtless  arises  from  the  great  difficulty  of  completely  puri- 
fying pectin  from  albuminous  substances,  sugar,  dextrin,  malata  of  calcium,  &c.,  which 
adhere  to  it  obstinately.  The  best  mode  of  testing  its  purity  is  to  precipitate  the 
aqueous  solution  with  excess  of  baryta-water,  which  throws  down  the  pectin,  leaving 
the  substances  just  mentioned  in  solution ;  if  then  the  liquid  filtered  from  the  pre- 
cipitate and  freed  from  excess  of  baryta  by  carbonic  acid,  leaves  no  residue  on  evapo- 
ration, it  may  be  presumed  that  the  pectin  is  pure  (Fr6my).  In  the  preparation  and 
purification  of  pectin  it  is  indispensable  also,  according  to  Fr^my,  to  avoid  the  use  of 
boiling  water,  which  alters  it  rapidly  by  converting  it  into  parapectin.  Fr  ^my  deduces 
from  his  own  analyses  of  pectin  the  formula  C^H^H)",  requiring  40*7  per  cent,  carbon, 
6'1  hydrogen,  and  54*2  oxygen. 

J)ecompo8ition8. — Boiling  loa^,  as  already  observed,  converts  pectin  into  parapectin. 
Dilute  acids  at  the  boiling  heat  convert  it  into  metapectin,  and  finally  into  metapectic 
acid.  Alkalis  and  alkaline  earths  immediately  change  it  into  pectates,  and  these  salts 
when  treated  with  acids  vield  insoluble  pectic  acid.  Lastly,  under  the  influence  of 
pectasSf  pectin  is  converted  into  pectosic  acid. 

Varapeetlii.  Aqueous  pectin,  when  boiled  for  several  hours,  loses  its  gummy  con- 
sistence, and  is  converted  into  parapectin,  which  is  precipitated  by  alcohol  in  the  form 
of  a  translucent  jeUy.  It  then  still  retains  albuminous  substances,  which  are  precipitated 
from  the  aqueous  solution  by  addition  of  a  small  quantity  of  basic  acetate  of  lead. 

Parapectin  is  an  amorphous,  neutral  substance  resembling  pectin ;  tasteless ;  soluble 
in  wat«r,  like 'pectin  and  metapectin;  distinguished  from  the  former  by  being  pre- 
cipitable  by  neutral  acetate  of  lead,  and  fh)m  the  latter  by  not  being  precipitated  by 
chloride  of  barium.  It  is  isomeric  with  pectin  at  100°,  but  gives  up  1  at  water  when 
heated  to  140°. 


FrfoiT. 

at  1400. 

a. 

b. 

c 

c»« 

384 

41*48 

41*51 

42-88 

43*77 

H- 

46 

4*97 

5*48 

5*68 

5*41 

0»> 

496 

63-55 

5301 

51-44 

50-82 

CWH«0"       926  100-00  10000  10000  100*00 

a  is  parapectin  several  times  purified ;  b  and  e  are  less  pure. 

Parapectin  is  converted,  by  boiling  with  dilute  acidSf  into  metapectin ;  by  aqueous 
alkalis  into  a  salt  of  pectic  acid.  Its  aqueous  solution  precipitates  neutral  acetate  of 
lead,  forming  a  precipitate  containing  very  variable  quantities  of  lead-oxide  (from  11*9 
to  18*8  and  21*2  per  cent).  The  organic  portion  of  the  precipitate  was  found  to  con- 
tain 41*95  per  cent  carbon,  and  5*42  hydrogen.    (Frimy.) 
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Metapeottn.  C^H^'O'*  ? — Parapectin  is  qnicklj  converted  into  this  sabstance  by 
boiling  with  dilute  acids.  It  is  uncrystallisable ;  has  an  acid  reaction ;  is  soluble  in 
water,  like  pectin  and  parapectin ;  distinguished  from  both  by  its  acid  properties  and 
precipitability  by  chloride  of  barium,  ^tapectin  dried  at  100^,  gives  off  1  at  water 
at  140^,  and  then  exhibits  the  same  composition  as  parapectin  (by  analysis,  41 '85  per 
cent,  carbon,  and  5*58  hydrogen). 

By  alkalis  it  is  converted  into  a  salt  of  pectic  acid.  It  dissolves  in  water ;  if  the 
solution  also  ooDtains  hydrochloric,  sulphuric,  or  oxalic  acid,  alcohol  throws  down 
gelatinous  compounds  of  these  acids  with  metapectin.  From  aqueous  metapectin, 
chloride  of  barium  throws  down  a  precipitate  containing  from  14  to  15  per  cent  baryta 
(C»«H*«0»'Ba"0  -  14-1  per  cent,  baryta).  The  lead-compound  contains  19-43  per 
cent  lead-oxide  (C«H*«0".Pb"0  -  2030  per  cent.  Pb"0). 

Peotoslo  aold.  This  acid,  probably  isomeric  with  parapectin  and  metaj>ectin,  is 
obtained  as  the  first  product  of  the  action  of  pectase  or  of  aqueous  alkalis  on  aqueous 
pectin  the  solution  solidifying  to  a  jelly  immediately  or  after  addition  of  acids  ;  but  it 
18  quickly  converted  into  pectic  acid  by  the  further  action  of  the  same  agents,  or  by 
boiling  lirater.  It  has  an  acid  reaction ;  is  nearly  insoluble  in  cold  water,  quite 
insoluble  in  water  containing  hydrochloric  acid,  but  easily  soluble  in  boiling  water 
(whereby  it  is  distinguished  from  pectin),  and  forms  a  jelly  on  cooling.  It  gave  by 
analysis  41*1  per  cent  carbon,  and  5*25  hydrogen.   (Fr^my.) 

The  gelatinous  amorpbous  pectosates  are  easUy  converted  into  pectates  by  excess  of 
base  ;  when  pure  the^  dissolve  completely  in  warm  dilute  add,  whereas  pectates  leave 
a  residue  of  pectic  acid. 

The  barium-salt  precipitated  from  aqueous  pectin  by  a  quantity  of  baryta-water 
insufficient  for  complete  precipitation,  contains^  on  the  average,  24*4  per  cent  baryta 
(CI«H^*Ba''0«   «  26-3  per  cent  BaO). 

The  lead-salt  contains  32*75  per  cent  lead-oxide,  the  formula  C"H**Pb"0**  requiring 
33*42  per  cent  PbO. 

Veetlo  aeld.  C**IP*0"? — This  acid,  though  it  may  be  obtained  from  most  plants, 
if  not  from  all,  does  not  exist  in  them  ready  formed,  at  least  not  always,  but  is 
produced  from  pectose  or  pectin.  In  fact  when  a  solution  of  pectin  holding  potash  in 
suspension  is  left  to  itself  at  a  temperature  of  30^,  the  pectin  is  first  converted  into 
pectosic,  then  into  pectic  acid.  Dilute  solutions  of  potash,  soda,  alkaline  carbonates, 
ammonia,  and  aqueous  baryta,  strontia,  and  lime,  transform  pectin  almost  immediately 
into  pectates.  Pectic  acid  is  extracted  from  its  different  salts  by  submitting  pectates 
to  the  action  of  acids. 

Preparation. — 1.  Well  washed  carrot-pulp  is  boiled  with  water  slightly  acidulated 
with  nydrochloric  acid,  whereby  pectin  is  dissolved.  This  pectin  is  converted  into 
pectate  of  sodium  by  boiling  with  the  proper  quantity  of  sodic  carbonate  {to  be  deter- 
mined by  trial) ;  the  solution  is  precipitated  with  hydrochloric  acid ;  and  tne  separated 
pectic  acid  is  dried,  first  in  vacuo,  then  by  heat.  If  too  small  a  quantity  of  carbonate 
IS  added,  pectosic  acid  may  be  formed ;  if  too  much,  metapectic  acid  may  be  produced 
(Fr^my). — 2.  The  pulp  of  peeled  turnips  is  well  washed  with  water  and  pressed,  and 
the  residue  is  boiled  for  three  quarters  of  an  hour  with  water  to  which  ^  of  sodic  car- 
bonate, or  a  small  quantity  of  caustic  potash,  has  been  added.  The  liquid  is  filtered, 
the  solution  is  precipitated  with  chloride  of  calcium ;  and  the  pectate  of  calcium  is 
decoinposed  by  nydrochloricacid(Braconnot,  Re^nault;  Simonin,  J.  Pharm.  xx. 
478.  Regnault  dissolves  the  still  coloured  pectic  aad  in  aqueous  ammonia ;  decolorises 
it  with  animal  charcoal  at  60^  to  80^ ;  precipitates  the  filtrate  with  hydrochloric  acid; 
and  repeats  the  solution  in  ammonia  and  precipitation  with  acid,  in  order  to  remove 
the  mineral  constituents. 

3.  The  pulp  of  carrots  or  celeiy  is  exhausted  by  washing  with  pure  water,  boiling 
with  water  containing  hydrochloric  add,  and  again  washing  with  pure  water;  the  residue 
18  boiled  with  very  dilute  potash -ley;  and  the  solution  is  predpitated  by  hydrochloric 
acid  (Bra  con  not).  Fr^my  obtained  by  this  process  only  a  small  quantity  of 
pectic  acid  (vid.  sup,),  C  hod  new  boils  turnips  after  trituration,  washing  and  press- 
ing, with  veiT  dilute  potash,  for  half  to  three  quarters  of  an  hour ;  strains;  predpitates 
the  still  turbid  solution  with  hydrochloric  add  ;  washes  the  pectic  add  several  times, 
first  with  acidulated,  then  with  pure  water;  presses  it  with  the  hand  after  each  wash- 
ing, and  redissolves  it  in  ammonia,  whereby  an  easily  filtering  liquid  is  obtained, 
which,  after  filtration,  is  precipitated  by  hydrochloric  acid.  This  predpitate  is 
washed  as  above,  and  finally  with  alcohoL* 

•  By  boiltnt  th«  washed  palp  of  tarnipe  or  applM  with  hTdrochloric  acid,  precipitating  with  alcohol 
then  wMhlnt  the  prccipitata  with  alcohol  or  ether,  pretsins  and  drying  at  110^.  C  h  od  n  e  w  obtained 
s  non-friaUe  mas*  Ake  woodj-ftbre,  which  he  callt  p  ectont  acid;  it  to  slightly  add,  aolable  In  water 
•T«n  After  dryini,  precipitated  at  a  Jellf  hf  exoeaa  of  potash  or  UiM-vatcr,  but  not  bj  chloride  of  pc 


romberg. 

Regnanlt. 

Chodnew. 

Fr&my. 

at  140°. 

at  120° 

at  I20O. 

44-5 

42-69 

42-22 

41-40 

6-2 

4-71 

624 

4-77 

60-3 

52-60 

52-54 

53-83 

PECTOUS  SUBSTANCES.  367 

According  to  Fr^my,  pectic  acid  prepared  in  the  ordinary  way  (probably  according 
to  methods  2  and  3)  contains  albuminous  substances  which  may  be  more  easily  pre- 
cipitated by  small  quantities  of  basic  acetate  of  lead,  after  prolonged  boiUng  of  the 
solution  supersaturated  with  ammonia. 

Mulder  washes  comminuted  carrots,  turnips  or  sweet  apples  with  water,  boils 
the  residue  with  very  dilute  potash,  not  in  excess,  and  precipitates  with  hydrochloric 
acid. 

Fromberg  prepared  his  pectic  acid  from  turnips  by  comminution,  washing  with 
cold  water,  and  boiling  with  veiy  dilute  carbonate  of  sodium. 

According  to  Divers  (Chem.  Soc.  J.  xvii.  91)  pectic  acid  is  produced,  together  with 
parapectic  acid,  by  the  spontaneous  decomposition  of  gum  cotton. 

Properties. — Pectic  acid  in  the  moist  state,  is  a  transparent,  colourless  jelly,  which 
dries  up  to  a  white,  transparent,  homy  mass,  difficult  to  pulverise.    It  has  an   acid 
taste  and  reaction.     It  is  msoluble  in  cold,  nearly  insoluble  in  boUing  water,  insoluble 
also  in  alcohol  and  in  ether.    Its  composition  is  as  follows : — 
Calculation  (Fr^my).  Mulder. 

C>«        192        42-29        44-9        44-6 
H"  22  4-84  5-4  63 

0»        240        52-87         49-7         60-1 

C"H«0»*     454       10000       100-0       1000       100-0       10000       10000       100-00 

The  analyses  are  given  as  mean  results.  Eegnault  and  Chodnew  examined  pectic 
acid  prepared  from  turnips ;  Fr^my  analysed  acid  from  various  sources.  Chodnew's 
acid  left  ^  per  cent,  ash,  which  is  deducted  :  see  above.  '.Mulder's  pectic  acid  a  was 
obtained  from  carrots,  and  left  4-17  per  cent,  of  ash,  composed  of  lime  with  traces  of 
silica ;  b  was  obtained  from  sweet  apples,  and  left  3-2  per  cent.  ash.  Fromberg's 
pectic  acid,  obtained  from  turnips  and  dried  at  140°,  left  7  per  cent  ash,  composed  in 
great  part  of  caustic  lime. 

The  analyses  of  pectic  acid  differ  from  one  another  as  widely  as  those  of  pectin.  It 
is  most  probable,  however,  that  pectic  acid,  as  indicated  by  Fr^my's  formula,  differs 
from  pectin  onlv  by  the  elements  of  water.  Kegnault  gave  the  formula  C'*H'^0>*,  both 
for  pectic  acid  dried  at  140*^,  and  for  that  contained  in  the  salts.  Chodnew  gives  the 
formula  C**H**0",  which  agrees  with  the  composition  of  many  of  the  pectates,  and  re- 
quires 42*42  per  cent,  carbon,  5-06  hydrogen,  and  52*52  oxygen. 

Decompositions. — 1.  Pectic  acid  becomes  coloured  at  120°  (Kegnault);  black  at 
150^  (Chodnew),  and  at  200°  gives  off  carbonic  anhydride  and  water,  and  is  converted 
into  parapectic  acid,  p.  368  (Fr^ my). — 2.  It  melts  when  heated,  swells  up,  bums  away, 
and  leaves  a  difficultly  combustible  charcoal  (Begnault). — 3.  When  pectic  acid  is 
boiled  with  water,  parapectic  add  is  formed ;  likewise  when  insoluble  pectactes  are 
boiled  with  water  (Fr^my).  When  pectic  acid  is  left  in  contact  with  water  for  two  or 
three  months,  it  dissolves  as  metapectie  acid,  which  is  likewise  produced  when  pectic 
acid  is  boiled  with  water  for  36  hours,  or  when  moist  pectic  acid  is  dried  by  heat  Not 
a  trace  of  suffar  is  formed,  even  after  boiling  with  water  for  seven  or  eight  days,  and 
the  solution  does  not  reduce  potassio-eupric  tartrate  unless  it  contains  para-  or  meta- 
pectie acid  (F  r  6  m  y ).    See  below. 

4.  Pectio  acid  is  not  altered  by  cold  oU  of  vitriol,  but  is  quickly  charred  by  that 
liquid  when  heated  (Braeonnot,  Kegnault).  By  boiling  with  dilute  acids,  it  is 
converted  into  metapectie  acid,  which  dissolves  (Frem  v).  It  is  not  altered  by  hot 
very  dilute  hydrochiorie  add  (Kegnault). — ^Pectic  acid  prepared  from  turnips  does 
not  dissolve  till  after  very  long  filing  with  dilute  acids  (more  quickly  with  concen- 
trated adds)  and  the  solution  does  not  contain  metapectie  add ;  that  which  is  prepared 
from  pectin  decomposes  much  more  quickly.  When  the  first-mentioned  pectic  acid  is 
boiled  with  dilute  mineral  adds^  the  liquid  soon  acquires  a  faint  red  colour,  reduces 
copper-  and  silver-salts,  and  if  sulphuric  add  is  used,  gives  off  carbonic  and  formic 
acids,  and,  finally,  an  odour  of  caramel.  The  solution,  which  remains  colourless  if 
diluted  at  the  right  moment,  leaves  a  black  product  when  filtered,  and  if  evaporated 
after  the  sulphuric  add  has  been  removed  by  carbonate  of  barium,  it  leaves  a  symp 
from  which  alcohol  predpitates  a  barium-salt  soluble  in  water,  leaving  in  solution  a  sugar 
(partly  converted  into  caramel),  which  is  fermentable  and  capable  of  uniting  with 
common  salt.    The  barium-salt^  which  is  soluble  in  water,  appears  to  contain  formic 

taasimn  ;  converted  into  pectic  acid  by  tolation  In  potaah-ley  aad  precipitation  with  hydrocliloric  acid; 
contains  43*3  per  cent  carbon,  5>6  h?drogen,  and  51*2  oxygen. 

Another  acid,  called  hyperpec  tic  acid,  it  obtained  from  the  turnip-pulp  after  exhaustion  with 
hydrochloric  acid,  by  boiling  it  with  dilute  potash  (not  with  ammonia),  and  precipitating  with  hydro- 
chloric acid.  It  is  a  gelatinoua  substance,  containing  (at  lOQO)  after  deduction  of  0'd2  per  cent.  ash. 
41'5  per  cent,  carbon,  4*8  hydrogen,  and  n*7  oxygen,  and  if  distinguished  from  pectic  acid  by  not  di*- 
Bolrtng  in  ammonJa.    (Chodnew.) 
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acid,  and  an  acid  similar  to  malic  add  (G  hod  new).  The  jelly  of  pippins  completely 
freed,  from  sugar  by  alcohol,  is  converted  into  su^ar  by  twenty  minutes  boiling  with 
oxalic  acid  (Courerchel,  Ann.  Ch.  Phys.  [2]  xln.  181).  According  to  Fr6my,  pectic 
acid  is  transformed  by  acids  in  the  same  manner  as  by  water,  therefore  without  forma- 
tion of  sugar.  Fr^my  attributes  the  formation  of  sugar  in  Chodnew's  experiments  to 
the  presence  of  starch  in  the  pectic  acid  employed. 

6.  With  m^n0  acidf  pectic  acid  yields  oxalic  acid  (Vauquelin)  and  mucic  acid 
(Brae  onnot).     Chodnew  obtained  mucic  acid  from  pectin,  but  not  from  pectic  acid. 

When  pectic  acid  is  heated  with  the  aqueous  solution  of  caustic  alkalis  or  alkaline 
carbonates f  metapectic  acid  is  formed  (Fr^my).  Pectin  and  pectic  acid  prepared  from 
it,  undergo  these  transformations  much  more  readily  than  ordinary  pectic  acid  (Fr^my, 
Chodnew).  The  liquid  acquires  a  brown  colour,  but  is  not  found  to  contain  oxalic 
add  (Fr^my). 

Pec  tat  es.  The  pectates  of  the  alkali-metals  are  soluble  in  water,  the  rest  insoluble 
and  gelatinous.  The  jellies  precipitated  from  cold  solutions  are  denser  than  those 
obtained  from  hot  solutions  (Begnault).  At  a  moderate  heat,  the  acid  expels  car- 
bonic add  from  alkaline  carbonates.  It  dissolves  easily  in  aqueous  alkalis,  even  after 
drying.  The  solution  is  not  precipitated  by  mercuric  chloride,  but  with  all  other  salts 
it  yields  gelatinous  precipitates,  which  dii«9olve  in  excess  of  alkali.  It  is  difficult  to 
obtain  the  salts  at  a  definite  degree  of  saturation,  because  the  neutral  salts  formed  at 
first  take  up  an  additional  quantity  of  pectic  acid  (Begnault,  F  r  ^  m  y).  When  a 
soluble  pectate  is  precipitated  by  a  metallic  salt,  the  composition  of  the  precipitate  de- 
pends upon  that  of  the  soluble  salt,  and  varies  with  it  (Regnault).  The  jellies  pre- 
cipitated by  metallic  salts  from  pectate  of  ammonium  and  pectate  of  caldum,  are 
tzansparent  if  the  add  was  pure.  They  obstinately  retain  portions  of  the  precipitant, 
which  cannot  be  removed  by  washing  on  the  filter,  but  may  be  got  rid  of  by  pressing 
the  jelly  with  the  hand,  pouring  fresh  water  upon  it,  and  so  on,  whemby  the  salt 
acquires  the  consistence  of  woody  fibre,  and  becomes  friable  after  drying  (Chodnew). 
The  insoluble  salts  dry  up  to  very  hard,  difficultly  friable,  homy,  hygroscopic  masses. 
They  take  fire  when  heated  in  contact  with  the  air,  retain  water  obstinately,  so  that 
tliey  cannot  be  dried  below  140^  or  150°,  and  decompose  at  about  200^  (Regnault). 

The  ammonium'Salt  is  obtained  as  a  colourless  jelly  by  dissolving  pectic  acid  in  am- 
monia, and  precipitating  with  alcohol. — The  potassium-salt  is  obtained  in  like  manner 
as  a  jelly  which  becomes  fibrous  when  washed  with  alcohol  and  dried  at  120°.  It  re- 
dissolves  in  water  forming  a  neutral  solution.  Chodnew  found  18*89  per  cent  potash 
(K*0)  in  the  salt  dried  at  120°,  and  20*0  per  cent  in  the  salt  dried  between  150°  and 
160°. — ^The  sodium-salt  obtained  in  like  manner  is  a  colourless  jelly  containing  (at  120°) 
13*73  per  cent  sodium.     (Chodnew.) 

Pectate  of  barium  is  obtained  as  a  colourless  jelly  by  mixing  chloride  of  barium  with 
a  solution  of  pectic  add  in  ammonia.  Fr^my  obtains  it  pure  by  treating  a  cold  sol- 
ution of  pectin  protected  from  the  air  with  a  large  excess  of  baryta- water.  A  copious 
precipitate  of  pectosate  of  barium  is  then  formed,  which  changes  into  pectate  under  the 
infiuence  of  excess  of  base.  The  precipitate  is  to  be  quickly  washed  and  dried,  first  in 
a  vacuum,  then  in  a  stove  at  120°.    It  contains  20*1  per  cent  baryta.   (Mulder.) 

The  calcium-salt  is  obtained  in  like  manner  as  a  transparent  jelly,  which  in  three 
preparations,  dried  at  120°,  gave  12*38,  12*42,  and  12*46  per  cent  lime.  (Chodnew.) 

The  copper-salt  is  a  green  jelly  containing  16*86 — 16*38  per  cent  cupric  oxide 
(Chodnew);  of  variable  composition  (Begnault).  The  lead-salt  obtained  by  pre- 
dpitating  acetate  of  lead  with  an  ammoniacal  solution  of  pectic  acid,  contains  very 
variable  quantities  of  pectic  add  (34  to  60  per  cent,  according  to  F  r  ^my).  The  organic 
matter  in  this  predpitate  contains,  aocordmg  to  various  analysts,  from  42*9  to  45*2 
per  cent  carbon,  5*2  to  4*5  hydrogen,  and  49*6  to  53*0  oxygen.  The  silver-salt  is 
difficult  to  obtain  pure.  Begnault  found  it  to  contain  quantities  of  silver-oxide 
varying  from  37*7  to  41*0  per  cent. 

From  the  above  discordant  results  of  the  analvses  of  pectates,  it  is  impossible  to  ob- 
tain any  verification  of  the  formula  of  pectic  add. 

Vurapeotie  aoid.  C"H^*0^? — Pectic  add  boiled  for  some  time  with  water 
dissolves  as  parapectic  acid.  In  like  manner,  pectates  heated  for  several  hours  to 
150°  or  boil^  with  water,  are  converted  into  parapectates.  Parapectic  acid  is  also 
ibrmed,  together  with  pectic  acid,  by  the  spontaneous  decomposition  of  gun-cotton. 
(Divers,  Uhem.  Soc.  J.  xvii.  91.) 

Parapectic  acid  is  soluble  in  water,  uncrystallisable,  destitute  of  optical  rotatory 

Sower,  and  has  a  strong  acid  reaction.  When  heated,  it  behaves  like  pectin ;  when 
isBolved  in  water,  it  is  quickly  converted  into  metapectic  acid ;  when  boiled  with 
potassio-cuprio  tartrate,  it  precipitates  cuprous  oxide ;  and  it  is  not  fermentable.— -It 
forms  soluble  salts  with  the  alkalis,  and  is  precipitated  therefrom  by  excess  of  baryta* 
toater,  being  thereby  distinguished  from  metapectic  add;  from  its  aqueous  solution  it 
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is  precipitated  by  alcohol.  The  potassium-salt  precipitated  from  its  aqueous  solution 
by  alcohol,  and  dried  at  160°,  contains  23  per  cent,  potash  (C«H"K*0«  «  22*4  per 
cent.  K'O). — ^The  lead-salt  obtained  by  boiling  pectate  of  lead  suspended  in  water  for 
sereral  hours,  or  by  precipitating  aqueous  parapectic  acid  with  neutral  acetate  of  lead, 
was  found  to  contain  from  40*0  to  41*7  per  cent,  lead-oxide,  and  the  organic  part  of 
the  precipitate  gave,  as  the  mean  of  three  analyses,  43  9  per  cent,  carbon  and  4*7 
hydrogen,  whence  Fr^my  deduces  the  formula  C^H^Pb^O-*. 

Metapeotio  add.  C*H*^0'  ?  Acide  celltdique* — This  acid  occurs  as  a  product  of 
the  transformation  of  pectose,  in  all  fluids  of  the  vegetable  organism  which  are  in 
contact  with  tissue  containing  pectase.  All  pectous  substances  may  be  converted 
either  directly  into  metapectic  acid,  or  into  products  which  yield  this  acid  after  farther 
treatment.  When  lime  is  allowed  to  act  on  mangold-wurzel  pulp  in  the  manufacture 
of  sugar  on  the  large  scale,  metapectate  of  calcium  may  be  formed,  which  then  accumu- 
lates in  the  molasses.  It  may  be  prepared  by  washing  chopped  mangold-wurzel  with 
water  ;  boiling  the  residue  for  an  hour  with  milk  of  Ume  and  pressing ;  evaporating 
the  liquid  to  a  syrup,  and  mixing  it  with  alcohoL  Metapectate  of  calcium  then 
falls  to  the  bottom,  and  after  it  has  been  decomposed  by  oxalate  of  ammonium,  the 
filtered  solution  is  mixed  with  excess  of  neutral  acetate  of  lead  to  precipitate  colouring 
matter,  phosphoric  acid  and  other  substances ;  and  the  filtrate  is  supersaturated  with 
ammonia,  which  throws  down  metapectate  of  lead.  By  decomposing  this  salt  under 
water  with  sulphydric  acid,  and  evaporating  the  filtrate,  aqueous  metapectic  acid  is 
obtained  as  an  amorphous,  strongly  acid  mass,  destitute  of  rotatoiy  power,  deliquescent, 
and  easily  soluble  in  water.  The  aqueous  solution  quickly  becomes  covered  with 
mould,  and  is  decomposed  by  prolonged  boiling,  with  formation  of  acetic  acid  and  black 
ulmic  acid.  It  reduces  potas&io-cupric  tartrate  at  the  boiling  heat,  also  stiver  and  ffold 
salts.  The  metapectates  (excepting  the  basic  salts)  are  all  soluble  in  water.  The 
aqueous  acid  decomposes  carbonates  and  neutralises  strong  bases. 

Metapectate  of  Lead. — Aqueous  metapectic  acid  precipitates  basic  acetate  of  lead, 
but  not  the  neutral  acetate.  The  aqueous  solutions  of  the  alkaline  metapectates  added 
to  neutral  or  basic  acetate  of  lead  in  excess  (of  the  lead-salt  ?)  throw  down  soluble 
precipitates.  The  precipitates  thrown  down  from  aqueous  metapectic  acid  by  basic 
acetate  of  lead  contain  fi?om  67*6  to  68-8  per  cent  (CH'«Pb'0»  =  C7'2  per  cent.  PbO) 
and  73-4  to  74'2  per  cent,  oxide  of  lead  (C»H'«PbO».Pb'*0  »  764  per  cent.  PbO) ;  after 
deduction  of  the  lead-oxide,  they  contain  on  the  average  43*61  per  cent.  C,  4*58  H, 
and  5*91  0,  corresponding  to  the  formula  C*H'*0^  (calc  44*08  per  cent.  C,  4*68  H, 
and  51*3  0). 

Vyropeotlo  aeid*  When  pectin  or  either  of  its  derivatives,  such  as  pectic,  para- 
pectic, or  metapectic  acid,  is  heated  to  200°,  water  and  carbonic  anhydride  are  evolved, 
and  pyropectic  acid  remains  in  the  form  of  a  black  substance  insoluble  in  water,  but 
soluble  in  alkaline  liquids.  It  contains  61*3  per  cent  carbon,  6*3  hydrosen,  and  43*4 
oxygen,  whence  Fr^my  deduces  the  formula  C*^H"0*.  It  is  remarkable  that  the 
hydrogen  and  oxygen  in  this  body  are  in  the  same  proportion  as  in  the  black  acid  of 
sugar. — ^Pyropectic  add  forms  brown  uncrystallisable  salts.    (Fr^my.) 

General  view  of  the  travsformaiions  of  Pectin  and  the  mutual  relations  of 

Pectous  substances. 

1.  Pectose  heated  with  dilute  acids  is  converted  into  pectin,  which  by  longer  boiling 
is  transformed  into  metapectic  acid. 

2.  By  boiling  with  milk  of  lime,  it  is  converted  into  metapectic  acid.  Probably 
pectic  acid  is  formed  in  the  first  instance. 

3.  Pectin^  when  its  aqueous  solution  is  left  to  itself,  changes  into  metapectic  acid. 
If  pectase  is  likewise  present^  the  change  takes  place  more  quickly,  pectosic,  pectic^ 
and  metapectic  acid  being  successively  produced.  When  pectin  is  boiled  with  water, 
parapectin  is  produced. 

4.  Pectin  boiled  with  strong  acids,  is  converted  into  metapectic  acid. 

6,  By  cold  dilute  aqueous  alkalis,  it  is  converted  into  pectosic  acid,  which  quickly 
undergoes  farther  transformation  into  pectic  acid«  or  by  Doiling  with  strong  alkalis, 
into  metapectic  acid. 

6.  Para^tin  boiled  with  dilute  acids  is  converted  into  metapectin ;  aqueous  alkalis 
convert  it  into  a  pectate. 

7.  Metapectin  is  converted  by  alkalis  into  salts  of  pectic  acid. 

9.  Pectosic  acid  is  converted  into  pectic  acid  by  boiling  with  water,  either  pure  or 
alkaline,  or  bv  contact  with  pectose.  When  boiled  with  aqueous  alkalis  it  forms 
metapectic  acid. 

9.  Peetic  acid  is  converted,  by  long  contact  with  water  in  the  cold,  more  quickly  at 
Vol.  IV.  B  B 
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the  boiling  heat,  into  parapectic  acid,  then  further  into  metapectic  acid.    Boiling  with 
acids  or  alkalis  likewise  conTerts  it  into  metapectic  acid. 

10.  Parapeciic  acid  in  contact  with  water,  is  quickly  converted  into  metapectic  acid. 

11.  Metapectic  acid  cannot  be  converted  into  any  other  substance  of  the  pectin 
group. 

VBOwAJriTB*  Native  phosphate  of  aluminium  from  Strigis  near  Freiberg  (see 
Pho8pha,tbb). 

VaOAWll  HiiaUffilTiA,  AULAJLOIBS  OF.  See  HARacALnni  and  Bar- 
xiiYB  (iii.  7). 

Graphic  granite. 

I.    Syn.  with  Obthoclasb. 

r.  A  protein-substance  obtained  by  Thomson  from  the  buff  coat  of  the 
blood  of  men  and  horses,  by  washing  with  cold  water  and  exhsusting  the  dried  residue 
with  alcohol  and  ether.  It  contains  sulphur,  and  is  regarded  by  Thomson  as  a 
peculiar  substance. 

V»LAJtCM>Bra.  C*'H*«0  »  C«H".C>H"0.  Octyl-pelarffyL—Vnxen  pelaigonata 
of  barium  is  submitted  to  dry  distillation,  this  compound  passes  over  as  a  brown  oil 
which  solidifies  on  cooling,  while  carbonate  of  barium  remains  behind.  The  distilled 
products,  after  pressure  between  bibulous  paper,  form  a  solid  substance  which  dissolves 
easily  in  ether,  and  is  deposited  by  spontaneous  evaporation  in  large  laminae  which 
assume  a  nacreous  aspect  when  dry.  It  is  strongly  attacked  by  fuming  nitric  acid, 
forming  a  nitro-acid. 

paXJUtOOmnra.    C*H».    Syn.  with  Nontlxnb  (p.  134). 

C»H"0 


OOVZO  ACZB.  CH^H)* 


^"^[O.    (Redtenbacher  [1846],  Ann. 


Ch.  Pharm.  liz.  62.— Pless,  ihid,  Ux.  54.>-aerhardt,  Ann.  Ch.  Phys.  [3]  xxiv.  107« 
— Cahours,  Compt.  rend.  xxvi.  262. — Chiozza,  Ann.  Ch.  Phys.  [3]  xxxix.  207). — 
This  acid  exists  in  the  volatile  oil  of  Pelargonium  roseum.  1 .  It  is  produced,  together  with 
several  other  volatile  acids,  in  the  distillation  of  choloidic  and  of  oleic  acid  (p.  193), 
with  nitric  acid  (Redtenbacher). — 2.  In  the  oxidation  of  oil  of  rue  by  nitric  acid 
(Gerhard t  and  Cahours). — 3.  A  small  quantity  of  pelargonic  add  is  formed  together 
with  many  other  volatile  acids,  in  the  putrefaction  of  yeast.  (W.  MuUer,  J.  pr. 
Chem.  Ixx.  66 ;  0.  Hesse,  ibid.  Ixxi.  472.) 

Preparation,  From  oil  of  rue. — When  1  pt.  of  oil  of  rue  is  gently  heated  with  1  pt. 
of  commercial  nitric  acid  and  2  pts.  of  water,  an  action  sets  in,  violent  at  first  and  con- 
tinuing for  a  quarter  or  half  an  hour,  even  after  the  fire  has  been  removed. '  The  liquid 
is  then  boiled  and  cohobated  repeatedly,  till  scarcely  any  red  fumes  are  evolved ;  the 
layer  of  oil  is  decanted,  washed  with  water,  and  treated  with  aqueous  potash,  where- 
upon some  non-acid  oil  of  a  very  acrid  odour  is  separated ;  the  alkaline  solution  is  de- 
composed by  sulphuric  acid ;  and  the  oily  acid  which  separates,  and  is  contaminated 
with  resin  and  colouring  matters,  is  collected  and  rectified.  The  distillate  is  neutralised 
with  baryta,  freed  from  excess  of  baryta  by  cold  water,  dissolved  in  boiling  alcohol, 
then  filtered  and  cooled  to  the  crystallising  point.  Pelargonate  of  barium  then  crystal- 
lises out  (the  mother-liquor  sometimes  retains  caprate  of  barium) ;  and  this  salt  decom- 
posed by  dilute  sulphuric  acid  yields  pelargonic  acid,  as  an  oil  floating  on  the  surface 
(Gerhardt).  Owing  to  certain  circumstances  not  ascertained,  a  compound  of  nitric 
oxide  with  pelargonic  acid  is  sometimes  obtained  in  this  process.    (Chiozza.) 

From  the  bioswm  and  herb  of  Pelargonium  roseUTn. — ^The  herb  is  distilled  with  water; 
the  distillate  saturated  with  baryta;  the  neutral  oil  distilled  off;  and  the  residue  evapo- 
rated to  dryness  and  exhausted  with  boiling  alcohol,  which  takes  up  pelargonate  of 
barium.     (Pless.) 

Properties. — Pelargonic  acid  is  a  colourless  oil  (greasy  according  toRedtenbacher) 
which  solidifies  in  the  cold,  melting  afterwards  at  10°.  Smells  dightly  of  butyric  acid. 
Soils  at  260° ;  in  a  stream  of  cart^nic  anhydride  it  distils  undeoomposed  and  colour- 
less (Cahours).    It  is  slightly  soluble  in  water,  very  soluble  in  alcohol  and  ether. 

Decompositions, — 1.  Pelargonic  acid  becomes  yellow  by  keeping  (Cahours)^ — 
2.  When  1  pt.  of  pelargonic  acid  is  intimately  mixed  with  4  pts.  of  potash-lime^  and 
gradually  raised  to  a  red  heat  in  a  coated  retort,  much  gas  escapes,  a  clear,  amber- 
yellow,  thin  liquid  passes  over,  and  the  alkali,  partly  combined  with  carbonic  acid,  re- 
mains behind.  Bromine  absorbs  the  greater  part  of  the  gas,  composed  of  ethylene, 
tritylene  and  tetrylene ;  the  uncondensed  portion  bums  with  a  very  faint  flame,  and  is 
a  mixture  of  hydrogen  and  marsh-gas.  The  liquid,  during  rectification,  begins  to  boil 
at  106°  to  186° ;  up  to  110°  hexylene  passes  over;  the  remainder  between  136°  and 
110°  (Cahours).— 3.  The  acid  is  resolved  by  the  dry  distillation    of  its  barium-salt 
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into  carbonic  anhydride  and  pelaigone  (Gahours). — 4.  It  is  violently  acted  upon 
by  pentachloride  of  phosphorus^  erolying  hydrochloric  acid  and  forming  oxychloride  of 
phosphonuB  and  chloride  of  pelargyl.    (Cahours.) 

Pdargonate  of  Ammonium  is  crystalline  (C  a  hours).  Pelargonic  acid  suspended 
in  ammonia  and  heated  forms  a  transparent  jeliy,  resembling  gelatinous  silica.  This 
jelly  dissolves  when  heated  with  a  larger  quantity  of  water,  and  forms  a  milky  liquid, 
resembling  a  solution  of  soap^  and  congealing  in  the  cold  to  a  pap-like  jelly.  The  salt 
dissolves  very  readily  in  cold  alcohol  (G-erhardt).  T)xe potassium^  and  sodium-salts 
are  readily  soluble  and  crystallisable.     (Gahours.) 

Pelargonaie  of  Barium,  G"H**Ba"0\  prepared  as  above,  forms  white  scales,  having 
a  pearly  lustre  (Qerhardt);  large laminse resembling  cholesterin  (Redtenbacher). 
Contains  no  water  of  crystallisation.  Dissolyes  but  sparingly  in  cold,  somewhat  more 
in  hot  water  (Gerhardt);  dissolves  in  water  less  readily  than  the  similarly  crys- 
tallising valerate  and  csnanthylate  of  barium,  but  more  readily  than  the  caprate.  It 
dissolves  with  difficulty  in  alcohol  (Redtenbacher).  The  calcium' and  strontium- 
salts  crystallise  from  alcohol  in  pearly  scales,  sparingly  soluble  in  water. 

Pdargonate  of  Copper,  G**H*^Cu'0^  is  obtained  by  precipitating  the  alcoholic  am- 
monium-salt with  aqueous  nitrate  of  copper.  The  abundant  greenish-blue  precipitate 
dissolves  in  boiling  alcohol,  and  on  evaporation  yields  drops  of  a  sreen  6il  which 
solidify  on  cooling,  and  when  dissolved  in  boiling  alcohol  crystallise  m  greenish-blue 
grains  as  the  liquid  cools.  It  retains  2  at  water  at  100^,  and  in  that  state  gives  by 
analysis  16*46  per  cent,  of  copper  (calc.  16*38). 

Pdargonate  of  Silver,  G*H"AgO',  is  obtained  by  precipitating  the  hot  aqueous 
solution  of  the  barium-salt  with  nitrate  of  silver.  Analysis  40*7 — 41*16  per  cent, 
silveiv-^alc.  40*76  per  cent, 

Pelargonate  of  Ethyl,  C"H«0«  -  C^»»(CH*)0*.  Pelargomc  ether.-^ 
Produced  from  chloride  of  pelargyl  and  alcohol ;  also  by  passing  dry  hydrochloric 
acid  gas  through  alcoholic  pelargonic  acid,  whereupon  tiie  other  separates  as  a 
yellow  oil,  which  is  to  be  washed  successiyely  with  sodic  carbonate  and  water,  then 
dried  over  chloride  of  calcium  and  rectified.  When  thus  purified  it  forms  a  colourless 
oil  of  specific  gravity  0*86,  boiling  between  216^  and  218^.  By  boiling  with  potash 
it  is  resolved  into  alcohol  and  pelargonate  of  potassium.  The  so-called  amanthie  ether 
(p.  174)  is  probably  the  same  compound. 

»a&ASCM>VXO  AXWammxam.  Gi*H*«0*  »  {(^WOyO.- Anhydrous Peiar- 
gonie  acid,  Pdarponic  Pelargonate,  (Gahours,  Ann.  Gh.  Phys.  [3]  xxxix.  207.) — Ob- 
tained by  the  action  of  oxychloride  of  phosphorus  on  pelargonate  of  barium.  Golourless 
oil,  lighter  than  water,  solidifying  at  0°  to  a  mass  of  fine  needles,  which  melts  at  6°. 
Smells  slightly  raccid  in  the  C(Hd,  but  vinous  and  aromatic  when  mixed  with  hot 
aqueous  vapour.  Heated  on  glass,  it  evolves  acrid  fames  and  the  odour  of  burnt  fat 
It  is  very  slowly  transformed  into  pelargonic  acid  by  water ;  by  aqueous  alkalis  less 
easily  than  caprylic  anhydride. 

Benzopelargonic  Anhydride,  G**H"0*«  )  c^Pol^'    ^^*^y  described  (i.  668). 
CC  BTBBB.    See  Pklargonatb  of  Ethtl  (supra), . 

G*H"0. — The  radicle  of  pelaigonic  acid,  &c 
Chloride  qf  Pelargyl,  G*H"0G1,  is  obtained  by  the  action  of  pentachloride  of  phoe- 
phoms  on  pelargonic  acid.  After  rectification  it  forms  a  colourless  liquid  heavier  than 
water,  having  a  sufibcating  odour,  giving  off  dense  fumes  on  exposure  to  the  air,  and 
boiling  at  220^.  In  contact  with  tdcoh^  it  becomes  strongly  heated,  and  forms  pelar- 
gonate of  ethyL    (Gahours,  loc,  cit.) 

A  capillaiy  variety  of  obsidian  from  Hawaii  (p.  170). 
A  variety  of  cimolite  (L  986)  from  the  decomposed  granite  of 
Kiew  in  Russia. 

VMLXOWKm  A  smoky-blue  variety  of  dichzoite  from  Bodenmais  in  Bavaria 
(ii.  320). 

WMUmU'XMMM ■•  A  base  formed,  according  to  Bodeker,  from  hydrated  pelosine, 
by  contact  with  air  and  light  On  treating  the  yellow  product  with  alcohol,  pelluteine 
dissolves  and  separates  on  cooling  in  brownish-yellow  flocks,  containing  (at  110°)  73*0 
per  cent  carbon,  6*2  hydrogen,  and  8*8  nitrogen,  agreeing  approximately  with  the 
formula  G'^H*'NO*.  The  clUoroplatinate  is  a  precipitate  containing  from  17*7  to  18*0 
per  cent  platinum. 

VB&OCOlfXnL  A  variety  of  cupreous  manganrse  (iii.  814),  having  a  liver- 
brown  streak. 

See  KiOBiTTic  (p.  48). 

or  Cissamprlinr,  G»"n«'NO«.  (Wiggers,  Ann.  Ch.  Pharm.  xxvii.20; 
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xxTTii.  81.  Bodeker,  Izix.  6Z.) — An  alkaloid  contained  in  the  root  of  Pareira  bravo, 
commonly  attributed  to  Cissa7npelo8  pareira,  L.,  a  shrubby  menispennaceous  plant, 
growing  chiefly  on  the  woody  hills  of  the  Antilles.  It  is  obtained  by  exhausting  the 
root  with  dilute  sulphuric  acid,  precipitating  with  carbonate  of  sodium  (not  in  excess), 
dissolving  the  precipitate  in  ether,  and  evaporating.  Pareira  root  yields  from  ^to  ^ 
of  its  weight  of  pelosine. 

Felosine  obtained  as  aboye  forms  an  amorphous  transparent  varnish.  On  adding 
water  to  the  ethereal  solution,  and  expelling  the  ether  by  distillation,  it  separates  as  a 
white  pulverulent  hydrate,  which  gives  off  its  water  at  100°,  and  leaves  a  residue 
soluble  in  alcohol  and  ether.  Pelosine  is  insoluble  in  water,  uncrystallisable,  inodorous, 
but  has  a  sweetish  bitter  taste.  It  blues  reddened  litmus.  When  dried  at  120^  it 
contains  71 '0  to  72*0  per  cent,  carbon,  7*2  to  7*0  hydrogen,  and  4*7  nitrogen,  agreeing 
nearly  with  the  above  formula  (calc.  72*2  carbon,  7*0  hydrogen,  4*7  nitrogen,  and  16"1 
oxygen),  which  is  the  same  as  that  of  codeine.  According  to  Bodeker,  hydnited  pelosine 
contains  8*21  per  cent,  water. 

Pelosine  undeigoes  alteration  in  contact  with  the  air,  especially  under  the  influence 
of  heat  and  moisture.     It  is  resinised  by  moderately  strong  nitric  acid. 

The  salts  of  pelosine  are  for  the  most  part  very  soluble  and  difficult  to  crystallise. 
The  solutions  give  precipitates  with  auric  and  platinic  chlorides.  The  hydrochlorate, 
C''H*'N0'.HC1.H*0,  is  best  prepared  by  passmg  dry  hydrochloric  acid  gas  into  a 
solution  of  pelosine  (previously  dried  at  120°)  in  absolute  ether.  The  salt  is  then 
(ieposited  in  white  flocks,  which  must  be  washed  with  the  same  liquid.  When  dried  it 
forms  an  amorphous,  very  hygrometric  powder,  very  soluble  in  water  and  in  alcohoL 
The  solution  leaves  a  varnish  when  evaporated.  The  salt  dried  at  110^  is  anhydrous. 
'rhe  chloroplatinate  2(C»»H«N0».HCl).Pt''Cl*  (at  110«>)  is  a  pale  yellow,  amorphous, 
strongly  electric  precipitate.  The  chramate,  C'»H'"NO".Cr'»H'-'0*.H«0  (?)  is  a  yellow 
f  occuient  precipitate  which  turns  brown  during  washing,  and  when  heated  a  few 
degrees  above  100°,  decomposes  suddenly,  giring  off  chinoline  (?)  and  phenylic 
alcohol. 

^BVCATZTE.  A  variety  of  hydrodolomite,  found  on  Vesuvius,  and  at  Predazzo 
in  South  Tyrol.  Specific  gravity  2534  to  2-613.  Contains  267  to  29  8  per  cent, 
carbonic  anhydride,  36*86  to  36*7  lime,  24*9  to  23*8  magnesia,  and  16'6  to  10*7  water, 
agreeing  approximately  with  the  formula  Ca"CO'.Mg"lI'0^  (Roth,  J.  pr.  Chem. 
zxxvi.  304.     Dam  our.  Bull,  geolog.  [2]  iv.  1062.) 

PEirOBA'WAS  BJAKBZ.  The  hairy  stem  of  an  East  Indian  fern,  Cihotium 
Cumingii  (i.  962),  used  for  arresting  haemorrhage. 

A  variety  of  chlorite  from  Zermatt  in  the  Valais  (i.  918). 

Syn.  with  Htdbomickelmaonesitb  (iii.  212). 

A  prefix  denoting  that  a  compound  contains  6  atoms  of  the  element 
specified :  e.g.  pentackloride  of  phosphorus,  PCI* ;  pentachhracetone,  CHC1*0. 

PEirrACB&OBOXTXnr    or    PBMTJLCBZiOBOXTlbOWB.     One   of    the 

products  obtained,  according  to  Gorup-Besanez,  by  the  action  of  hypochlorous  acid  on 
creosote  (ii.  106). 

PBVTJLSU&PBOP'ntOPBOSPBATS    OF    BTBT&.     See     Sulfhophos- 

PHORIC  EthEBS.  • 

AXiCOBO^.    See  Ethtlene,  Hydrates  of  (ii.  677). 
See  SuLFHVB,  Oxtobn-acids  of. 

A  mineral  from  Ramsberg  in  Sweden,  having  the  composition  of 
a  hydrous  dichroite  (ii.  320).  Specific  gravity  2*68  to  2*76.  Contains  46'95  per  cent, 
silica,  30-61  alumina,  677  ferrous  oxide,  7*99  magnesia,  0*60  lime,  and  8*30  water. 
(Carlsson,  Kongl.  Vet,  Acad.  Forh.  1867,  p.  241.) 

PBPBZB.  (Sch wan n,  MiilWs  Arch.  1836.— Wasmann,  Dissert.  1839.  I«hm. 
Phys.  Ch.  ii.  40.— Briicke,  Wien.  Acad.  Ber.  xliii.  601.— Schmidt,  Ann.  Ch. 
Pharm.  Ixi.  22.) — The  *•  active  principle  "  or  digestive  "  ferment  **  of  gastric  juice.  The 
name  was  first  used  by  Schwann.  He  precipitated  gastric  juice  or  acid  infusion  of 
stomach  with  mercuric  chloride,  suspended  the  precipitate  in  water,  and  got  rid  of  the 
mercury  bv  sulphuretted  hydrogen.  The  liquid  thus  obtained  very  speedily  dissolved  or 
digested  albumen,  &c.,  at  a  blood-heat ;  and  Wasmann  showed  that  from  it  could  be 
precipitated  by  alcohol  a  substance  which,  when  redissolved  in  dilute  acids,  exhibited 
the  same  digestive  powers,  and  to  which  the  name  of  pepsin  was  given.  Pepsin,  thus 
prepared,  was  from  its  reactions  judged  to  be  a  protein-body.  But  Mulder  obtained 
artificial  digestive  fluids,  free  from  proteic  reactions,  and  quite  recently  Briicke  has 
been  able  to  prepare  pepsin  in  a  state  of  greater  purity.  An  infusion  of  the  glandular 
liij'or  of  the  stomach,  made  with  dilute  tribasic  phosphoric  acid,  ii  filtered  and  neu- 
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tralised  with  lime-water.  The  bulky  precipitate  of  calcic  phosphate,  which  carries 
down  with  it  mechanically  the  greater  part  of  the  pepsin,  is  collected,  washed,  pressed, 
end  treated  with  dilute  hydrochloric  acid.  The  solution  is  again  precipitated  by 
lime-water,  and  the  deposit  again  dissolved  in  dilute  acid.  To  this  second  solution  is 
gradually  added,  by  means  of  a  long  filter  reaching  down  to  the  bottom  of  the  vessel, 
a  saturated  solution  of  cholesterin  in  a  mixture  of  1  part  ether  and  4  alcohol,  and  the 
whole  is  well  shaken.  The  cholesterin,  with  the  mechanically  entangled  pepsin,  in 
separated  by  filtration,  well  washed,  and  treated  with  ether.  The  ether,  holding  the 
cholesterin  in  solution,  is  then  poured  off,  and  the  remaining  liquid  filtered.  The 
filtrate  which,  when  feebly  acidified,  acts  vezy  energetically  on  protein-bodies,  gives 
no  precipitate  with  mineral  acids,  tannin,  or  mercuric  chloride,  and  only  a  turbidity 
with  the  acetates  of  lead.  It  gives  no  xanthoproteic  reaction,  and  is  not  coloured  by 
sulphuric  acid  and  sugar,  or  by  strong  hydrochloric  acid.  Pepsin  appears,  therefore, 
not  to  be  a  protein  bc^y ;  that  of  previous  writers  evidently  contained  other  substances 
beside  the  actual  "ferment"  itself. 

Pepsin  is  only  active  in  a  dilute  acid  solution.  It  is  apparently  more  active  in 
conjunction  witli  hydrochloric  than  with  lactic  or  other  acids.  A  too  high  or  too  low 
degree  of  acidity  is  injurious,  0*08 — 0*2  per  cent,  of  hydrochloric  acid  being  about  the 
most  suitable.  Neutralisation  suspends,  without  destroying,  the  action  of  a  dilute 
acid  solution.    Strong  alkalis  seem,  however,  to  injure  pepsin. 

The  temperature  best  suited  for  the  action  of  pepsin  is  that  of  the  body.  According 
to  Brinton,  the  particular  degree  varies  with  the  individual  temperature  of  the 
animal,  the  pepsin  of  fishes  being  inert  at  the  temperature  of  the  mammalian  body. 
In  general,  temperatures  above  that  of  the  body  are  injurious ;  those  below  retard  the 
action.    A  solution  of  pepsin  is  completely  deprived  of  its  energy  bv  boiling. 

Pepsin  appears  not  to  be  used  up  or  consumed  during  digestion ;  that  which  is 
poured  into  the  alimentary  canal  during  digestion  passes  out  in  part  by  the  urine  after 
it  has  done  its  work,  and  may  be  recoveied  from  that  fiuid.  Briicke  found  it  also 
in  fiesh. 

The  modus  operandi  of  pepsin  is  unknown.  It  is  usually  called  a  "ferment,"  but 
some  other  name  seems  to  be  needed  to  distinguish  its  action  from  such  a  process  as 
vinous  fermentation.  The  theory  that  "  the  action  of  gastric  juice  is  a  transfer  to 
albumen,  &c,  of  a  molecular  change  going  on  in  the  gastric  juice,  pepsin  and  peptone 
being  essentially  analogous  to  each  other  in  properties,"  is  distinctly  negatived  by  the 
£&ct  of  pepsin  not  being  a  protein-compound ;  and  we  may  infer,  from  pepsin  not 
being  used  up  in  digestion,  and  from  its  possessing  in  itself  no  great  proneness  to 
change,  that  any  "  energy  '*  which  is  concerned  in  peptouification  does  not  come  from 
the  pepsin  itself. 

Pepsin,  as  secreted  in  the  so-called  peptic  glands  of  the  stomach,  is  neutral ;  the 
secretion  becomes  acid  in  the  ducts  of  the  glands  (Briicke).  Schmidt  supposes 
that  pepsin  and  hydrochloric  acid  unite  to  form  a  compound  acid,  the  chloro-hydro- 
pepsic  acid. 

xhe  action  of  pepsin  is  hindered  by  the  presence  of  peptones.  Hence,  when  portions 
of  albumen,  &c.,  are  successively  added  to  a  given  quantity  of  solution  of  pepsin,  the 
process  of  digestion  is  at  last  arrested.  The  addition  of  fresh  dilute  acid  will,  however, 
renew  it. 

A  preparation  has  become  an  article  of  pharmacy  under  the  name  of  pepsin.  It  is 
obtained  by  drying  the  glandular  layer  of  pig*s  or  oUfs  stomach  at  low  temperatures. 

M.F. 

PBPTOVBS.  (Lehmann,  Lehrb.  i.  318. — Briicke,  Wien.  Acad.  Ber.  xxxvii. 
181.— Meissner,  Zeitschr.  Rat.  Med.  vii.  1,  viii.  280,  x.  1,  xii.  46,  xiv.  78,  303.) 
—Derivatives  of  the  protein-bodies  arising  during  the  process  of  digestion;  albumi- 
nose  of  Mialhe.  According  to  Lehmann  and  Mulder,  the  peptones  are  white 
amorphous  bodies,  insoluble  in  alcohol  but  readily  soluble  in  water,  the  solution 
reddening  litmus.  They  form  soluble  neutral  compounds  with  alkaline  and  earthy 
bases.  The  feebly  add  solutions  are  not  coagulated  by  boiling,  not  precipitated  by 
alcohol,  mineral  acids,  carbonate  of  ammonium,  sulphate  of  sodium,  neutral  acetate  of 
lead,  or  ferrocyanide  of  potassium,  but  by  tannin  and  mercuric  chloride.  They  turn 
the  plane  of  polarisation  to  the  left,  and  give  Millon's  and  the  xanthoproteic  reaction. 

Meissner's  account  of  these  bodies  is  as  follows.  When  the  opalescent  fiuid 
resulting  from  the  digestion  of  coagulated  albumen  with  pepsin  and  hydrochloric  acid  of 
0*1 — 0*2  percent  strength,  is  filtered  and  carefully  neutialised,  a  white  fliaky  precipitate 
is  thrown  down,  which  may  be  separated  by  filtration,  leaving  the  rest  of  *the  liquid 
perfectly  clear.  The  add  solutions  resulting  fiom  the  digestion  of  casein,  muscle- 
fibre,  and  blood-fibrin,  give,  when  neutralised,  a  similar  precipitate,  which  Meissner 
calls  parapeptone.  "When  the  clear  neutral  flnid  remaining  after  the  eeparntion  of 
the  parapeptone  is  carefully  addified,  so  that  the  amount  of  free  add  is  very  small,  a 
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second  precipitate  is  formed,  which  also  may  be  removed  by  filtration,  and  to  which 
the  name  ofmetapeptone  has  been  given  (only  a  very  small  quantity  of  this  body 
can  be  obtained  by  the  digestion  of  albumen).  The  filtrate  contains  the  peptones. 
When  fibrin  or  casein  is  exposed  to  artificial  digestion,  the  whole  is  not  dissolved, 
however  long  the  process  may  be  carried  on ;  a  fiaky  precipitate  is  always  formed, 
and  this  Meissner  calls  dyspeptone.  Besides  these  bodies  the  solutions  always 
contain  various  saline,  fatty,  and  extractive  bodies,  in  spite  of  the  most  careful  clearing 
of  the  original  protein-substances.  Mcdssner  describes  the  peptone  of  albumen  as  giving 
Lehmann's  reactions,  but  states  that  the  peptone  of  musde-fibre  is  also  pneipitated 
by  alcohol,  the  nitrates  of  mercury  and  silver,  fenocyanide  of  potassium,  and  basic 
acetate  of  lead.  He  further  believes  that  the  peptone  of  fibrin  is  a  miztuie  of  three 
bodies;— «.  peptone  precipitated  by  concentrated  nitric  acid  and  by  fenocyanide  of 
uotassium  in  the  presence  of  a  small  quantity  of  acetic  acid;  b.  peptone  precipitated 
by  ferrocyanide  of  potassium  only  in  the  presence  of  much  acetic  add,  and  not  at  all 
by  nitric  acid ;  <?.  peptone  precipitated  by  neither. 

Paiupeptone  (from  albumen)  is  insoluble  in  water,  but  very  soluble  in  dilute  adds 
and  alkalis,  from  its  solutions  in  which  it  may  be  predpitated  by  a  mixture  of  alcohol 
and  ether  (but  not  by  alcohol  alone),  also  by  tannic  acid,  basic  acetate  of  lead,  and  mercu- 
ric chloride.  From  its  add  solutions,  it  is  precipitated  by  oonoentiated  solutions  of  the 
neutral  alkaline  salts,  and  firom  ita  acetic  add  solution  by  fenocyanide  of  potassium. 
It  gives  Millon's  reaction.  The  parapeptones  of  fibrin  and  musde-fibre  are  similar  to 
that  of  albumen.  That  of  casein  is  distinguished  by  the  piedpitate  formed  by  nentni 
alkaline  salts,  being  soluble  in  excess  of  the  reagent.  Inasmuch  as  parapeptone 
appears  at  every  stage  of  the  (artifidal)  digestion  of  protein-bodies^  increasing  in 
amount  as  the  process  continues;  and  since  it  cannot  by  the  action  of  pepdn  be 
converted  into  peotone,  Meissner  n^gards  it  as  a  distinct  final  product,  and  not  as  a 
mere  stage.  He  beUeves  that  pancreatic  juice  has  the  power,  whidi  gastric  juioe  has 
not,  of  converUng  it  into  peptone.  The  bodies  he  has  caUed  meta-  and  dyspeptone  he 
considers  as  mere  temporary  modifications  of  peptone  and  parapeptone. 

Brucke,  on  the  other  hand,  asserts  that  parapeptone  is  easUy  converted  into 
peptone,  is  not  in  any  sense  a  final  product,  and  oonsideis  ite  predpkation  from  the 
original  opalescent  fluid  by  a  neutral  salt  or  by  neutralisation,  to  be  a  mechanical 
nit  her  than  a  chemical  process.  Others  hold  parapeptone  to  be  identical  with  syntomn. 

me  peptones  cannot  be  produced  by  the  action  of  dilute  mineral  adds,  in  the 
absence  of  pepsin,  at  the  temperature  of  the  body,  but  the  change  may  be  brought 
about  by  prolonged  boiling  either  with  dilute  acids  or  with  diiSlled  water.  The 
action  of  owme  also  gives  rise  to  similar  products  (Gorup-Besanes).  Thiry  gives 
IS®  ^t™n?^•?^  compodtion  of  parapeptone  as  C  6134,  H  7*26,  N  1618,  S  212, 
n'ti.ol  ^Vi  ^  peptone  (obtained  by  prolonged  boiling  with  distflled  water) 
C  5087,  H  703  N  1634,  S  1-84,  0(+P)  2415nhatorti5l?albamen  used  for  the 
expenmenta  and  prepared  by  neutralising  a  solution  of  white  of  eat  in  dilute  hydro- 
chlOTtc  acid  of  0*2  per  cent,  strength,  being  C  61-37,  H  713,  N  16^0,  S  212,  0(  +  P) 

The  poteui-bodies  from  the  vegetable  kingdom  are  in  a  similar  way  changed  by 
uU^X  .1^^  ^^^  peptones  (and  parapeptone).  Gebtin  mpgem  to  be  merely 
«^*?r  ^  r*  ^^  "^  gMtoc  juice,  not  converted  ^to  peptone^fAondrin  is  split 
ri^Mn^?*'"**'^''*'**^^^^   ^  •  ait«)geneS  body  resembling  gelatin. 

M^^B  tt«  fcighert  of  •  eertun  sei^:  ,.^.  p„dJorid.  of  phcJ^hoos  PCP,  per- 


!^J;»riL  .iTi-    ?P>-f»'»«»*«l  by  th*  aetian  of  bronii^  »«  paehkBe  acid.    On 
*J«Ue mU»U«g «.er.  wd «7,uUwo in  loog'«il2 wTaSu.^  ^      ^ 


O \\^MK.Al3Il>s  or,  i  »10)l  mp^mv  <leecnK>d  ^see  CkLOBm, 
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Perchloraie  of  Ammonium,  NH^CIO^  forms  transparent  rectangalar  prisms 
with  dihedral  summits ;  isomorphous  with  the  potassinm*salt  (p.  375) ;  a  :  b  :  c  em 
0-7926  :  1  :  06409.  Angle  ooP  :  ooP  (macr.)  =  76^41';  Poo  :  Poo  rbasal)  - 
77^  5S  (Eopp).  It  is  soluble  in  6  pts.  water,  somewhat  soluble  also  in  alcohol.  The 
solution  when  eyaporated  gives  off  ammonia  and  bromic  acid.  It  is  soluble  in  excess 
of  perchloric  acid,  and  is  therefore  precipitated  by  the  latter. 

Perchlorateof  Barium,  Ba''Cl*0*,  obtained  by  saturating  the  acid  with  caustic 
baiyta  or  barytic  carbonate,  or  by  decomposing  the  zinc-salt  with  baryta-water,  crystal- 
lises in  long  deliquescent  prisms,  easily  soluble  in  water  and  in  alcohol.  Paper  satu- 
rated with  the  aqueous  solution  burns  with  a  green  flame.     (Serullas.) 

Perchlprate  of  Cadmium.  Cd^Cl^O".  Deliquescent^  but  dystallises  when  its 
aqueous  solution  is  evaporated  by  heat.     (Serullas.) 

Perchloraie  of  Calcium,  Ca^d'O".  Very  deliquescent,  crystallises  in  prisms 
soluble  in  alcohoL    (Serullas.) 

Perchlorateof  Copper,  Cn^d'O",  form  large  blue  deliquescent  crystals. 

Baeie    Perchloraie    of    Cuprammonium,    (N«H"Cu7'aK)*.2(NH«)H0  i- 

Cu''    y  r^4,  obtained  by  dissolving  cupnc  carbonate  in  perchloric  add,  supersaturating 
(C10»)M" 

with  ammonia,  and  covering  the  solution  with  a  layer  of  alcohol,  forms  dark  blue  non- 
deliquescent  crystals  which  crumble  to  a  green  powder  on  exposure  to  the  air.  The 
concentrated  aqueous  solution  is  completely  decomposed  by  boiling  into  free  ammonia, 
perchlorate  of  ammonium,  and  black  oxide  of  copper.  (Roscoe,  Ann.  Ch.  Pharm. 
exxi.  346.) 

Perehloraies  of  Iron, — The  ferrous  salt,  Fe"Cl'0*,  obtained  by  precipitating 
ferrous  sulphate  with  perchlorate  of  barium,  forms  long  colourless  needles  which  may 
be  exposed  to  the  air  for  some  time  without  decomposing,  but  ultimately  turn  yellow 
from  formation  of  basic  salt  (Serullas).  By  dissolving  metallic  iron  in  dilute  hydro* 
diloric  acid,  the  salt  is  obtained  in  small,  ^enish-whit«,  very  deliquescent  crystals, 
containing  Fe''Gl*0*.6H'0,  which  do  not  give  off  their  water  either  in  vacuo  over 
oil  of  vitriol  or  at  100^,  but  decompose  at  lugher  temperatures  (Roscoe).  The  ferric 
soli  is  not  known. 

Perehloraies  of  Lead, — A  solution  of  lead-oxide  in  aqueous  perchloric  acid 
yields  by  spontaneous  evaporation,  a  mass  of  indistinct  spicular  crystals  of  the  neutral 
salt  (Pb"Cl'0*.8HK),  according  to  Koscoe),  easily  soluble  in  water,  and  having  a 
sweetish  astringent  taste.  The  crystals  do  not  give  off  their  water  in  vacuo  or  at  100^ 
(Roscoe).  On  boiling  the  concentrated  solution  with  a  large  excess  of  lead-carbonate, 
and  evaporating,  indimnct  lustreless  crystals  are  obtained,  which  are  resolved  by 
water  into  a  sonible  and  an  insoluble  portion ;  and  the  solution  thus  obtained  yields  on 
evaporation  a  baste  salt,  Pb'^Gl'O'.PV^^O*,  in  crystals  of  two  different  forms,  one  of 
which  becomes  dull  when  taken  out  of  the  liquid,  while  the  other  remains  bright  and 
transparent  (Marignac,  Recherches  sur  Us  formes  crystallines,  &c,  Qenive,  1835, 
p.  36.) 

Perchlorate  of  Manganese,  "MjorCPO^. — ^Deliquesoent,  soluble  in  alcohol,  not 
ciystallisable. 

Perehloraies  of  Mercury, — The  mereurous  salt,  Hg'C10*.3H*0  (Roscoe), 
crystallises  in  small  concentric  needles  which  do  not  alter  on  exposure  to  the  air  at 
ordinary  teinperatures  (Serullas),  and  do  not  ^ve  off  their  water  in  vacuo  or  at  100^ 
(Roscoe).  The  mercuric  salt,  Hg^Cl'O*,  crystallises  when  evaporated  by  heat,  in  colour- 
less, rectangular,  very  deliquescent  prisms,  which  dissolve  in  alcohol,  leavinff  a  white 
substance  which  turns  red  during  nitration,  and  consists  mainly  of  mercuno  oxide. 
The  liquid  filtered  from  this  precipitate  yields  on  evaporation  a  mixture  of  mereurous 
and  mercuric  oxide.    (S  e  r  u  1  1  a  s. ) 

Perchlorate  of  Potassium,  KC10^ — ^This  salt  is  produced  by  the  decomposition 
of  the  chlorate :  1.  Chlorate  of  potassium  is  kept  in  a  state  of  fusion  till  it  begins  to 
assume  a  pasty  condition,  or  till  about  four  litres  of  oxygen  gas  have  been  given  off 
for  every  thirhr  grammes  of  the  salt.  The  residue  then  consists  of  a  mixture  of  per- 
chlorate and  cnloride  of  potassium: 

2KC10*      -      KaO*     +     KCl     +     0«. 

If  it  still  contains  undecomposed  chlorate,  a  sample  treated  with  hydrochloric  aeid  will 
exhibit  a  yellow  colour ;  in  this  case  the  heating  must  be  prolonged.  On  dissolving 
the  residual  saline  mass  in  the  smallest  possible  quantity  of  boilin|f  water,  and  Icavins 
the  solution  to  cool,  perchlorate  of  potassium  separates  in  small  shining  crystals  which 
may  be  freed  from  chloride  by  recrystallisAtion. 
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2.  Chlorate  of  potassium  is  fused  at  a  gentle  heat,  then  iutrodaced  in  as  large  pieces 
as  possible  into  a  retort,  and  covered  witli  three  and  a-half  to  four  times  its  weight  of 
strong  sulphuric  acid.  The  previous  fusion  of  the  salt  is  necessary,  to  diminish  the 
number  of  points  of  contact  with  the  acid,  and  thus  to  moderate  the  action,  which  might 
otherwise  become  so  rapid  as  to  cause  a  dangerous  explosion.  As  soon  as  the  mass 
has  ceased  to  give  off  a  yellow  gas,  the  retort  must  be  plunged  into  water  heated  not 
above  60^,  and  to  such  a  depth  as  to  warm  only  the  saline  mixture,  not  the  gas  above 
it.  The  saline  mass  becomes  colourless  after  a  while,  and  then  consists  of  a  mixture  of 
acid  sulphate  and  perchlorate  of  potassium,  the  latter  of  which  may  be  crystallised  from 
boiling  water  and  purified  by  recrystallisatiop  as  before. 

3.  Perchlorate  of  potassium  may  also  be  obtained  by  heating  the  chlorate  with  strong 
nitric  acid  (Penny,  J.  pr.  Chem.  xxiii.  296). — 4.Bj  electrolysis  of  the  chlorate  (Sta- 
dion). 

Perchlorate  of  potassium  crystallises  in  limpid  right  rhombic  prisms,  (xP  .  Poo ,  the 
latter  often  predominant ;  also  with  oP  and  other  faces.  Katio  of  axes  a  :  b  :  e  « 
0*7817  :  1  :  0*6408.  Angle  oeP  :  ooP  in  the  macrodiagonal  principal  section  »  76^2', 
1*00  :  ?oo  (basal)  «  78°  41'  (Kopp).  The  crystals  are  anhydrous  but  contain  a  little 
decrepitation- water.  The  salt  has  a  slight  taste  like  that  of  the  chloride,  dissolves  in 
65  pts.  wat^r  at  16^,  in  a  much  smaller  quantity  of  boiling  water,  and  is  insoluble  or 
very  sparingly  soluble  in  alcohol  (Serullas).  Acoordine  to  Bos coe,  it  is  as  soluble 
in  absolute  alcohol  as  carbonate  of  barium  in  water,  but  in  alcohol  containing  a  small 
quantity  of  acetate  of  potassium  it  is  absolutely  insoluble.  When  heated  above  400^ 
it  is  resoWed  into  oxygen  and  chloride  of  potassium.  It  deflagrates  slightly  on  red-hot 
ooals.  In  consequence  of  the  sparingly  solubility  of  this  salt  in  water,  perchloric  acid 
forms  a  precipitate  in  the  solutions  of  nearly  all  potassium-salts,  even  of  alum  and 
tartar-emetic. 

Perchlorate  of  Silver,  AgOlO*,  does  not  crystallise,  but  forms  a  white  powder 
which  deliquesces  in  the  air  and  is  soluble  in  alf^ohol.  The  aqueous  solution  turns 
brown  in  sunshine,  The  dry  salt  may  be  fused  without  much  decomposition,  and  solid- 
ifies in  the  crystalline  form  on  cooling ;  but  at  a  higher  temperature  it  suddenly  gives 
off  oxygen,  and  leaves  chloride  of  silver.     (Serullas.) 

Perchlorate  of  Sodium,  NaClO*,  maybe  prepared  by  direct  combination,  or  by 
heating  the  chlorate  with  strong  nitric  acid.  It  is  deliquescent,  soluble  in  alcohol,  and 
separates  Ixom  the  solution  in  transparent  laminae  (Serullas);  rhombohedrons 
(Penny). 

Perchlorate  of  Zinc,  Zn"Cl*0*,  crystalUseB  by  evaporation  in  tufts  of  deliquescent 
needles,  soluble  in  alcohol. 

PBRCBXiOSZC  BTBSB.  C<H«C10«.  Ethylic  Perchlorate.  Perchlorate  of 
JSthyl.  (Clark,  Hare  and  Boyle,  Phil.  Mag.  [3]  xix.  370. — Roscoe,  Chem. Soc  J. 
XV.  213.) — This  compound  is  best  prepared  by  distilling  a  mixture  of  ethyl-sulphate 
and  perchlorate  of  barium.  An  alcoholic  solution  of  perchlorate  of  silver  treated  with 
ethylic  iodide,  even  at  —10°,  yields  merely  perchloric  acid  and  ethylic  oxide,  and  on 
bringing  perchloric  acid  in  contact  with  alcohol  or  ether,  a  violent  explosion  generally 
takes  place.  1  at.  perchlorate  of  barium  is  rubbed  to  a  fine  powder  with  1  at.  crystal- 
lised ethyl-sulphate  of  barium  ;  and  a  small  quantity  of  the  mixture,  not  exceeding  80 
grains  (on  account  of  the  danger  of  explosion),  is  introduced  into  a  small  retort  con- 
nected with  a  tube -shaped  receiver  surrounded  with  ice  and  heated  in  an  oil-bath 
provided  with  a  thermometer,  by  means  of  an  Argand  lamp,  which  can  be  quickly 
removed.  A  wooden  screen  with  holes  filled  up  with  plates  of  glass  must  be  placea 
for  protection  between  the  operator  and  the  retort..  No  action  takes  place  tUl  the 
t-emperature  rises  to  100°,  and  so  long  as  the  water  (of  crystallisation)  has  not  passed 
over,  there  is  no  fear  of  explosion.  But  above  100*^,  the  heat  must  be  very  slowly 
raised  to  171°  at  which  temperature  the  distillation  comes  to  an  end : 

C*H'«Ba"S«0«  +   Ba"a«0«     «     2Ba"S0*   +   2C«H»C10«. 

"With  perchlorate  of  potassium  the  operation  does  not  succeed ;  neither  can  the  ether 
"be  obtained  by  the  use  of  ethyl-sulphuric  acid  instead  of  the  barium-salt. 

The  perchloric  ether  collects  in  the  receiver,  covered  with  a  layer  of  water.  The 
water  is  removed,  without  taking  the  receiver  in  the  hand,  which  might  cause  an  ex- 
plosion— by  means  of  a  strip  of  paper  moistened  at  the  end.  To  preserve  the  per- 
chloric ether  without  danger,  it  may  be  mixed  with  absolute  alcohol ;  for  a  mixture  of 
1  to  2  parts  absolute  alcohol  with  the  perchloric  ether  obtained  from  1  pt.  ethyl-sul- 
phate of  barium  does  not  explode.  The  pure  ether  may  be  again  separated  from  this 
mixture  by  the  addition  of  an  equal  bulk  of  water  ;  the  separation  is  however  always 
attended  with  loss,  because  the  water  exerts  a  decomposing  action  on  the  ether.  All 
manipulations  with  this  compound  should  be  performed  with  gloves  on  the  hand,  and  a 
mask  with  thick  eye-glasses  before  the  &ce.    (Hare  and  Boyle.) 


PERCHLOROPLATINOCYANIDES— PEROXIDES.     377 

Bo  8 CO e  distils  an  intimate  miztuTe  of  equal  weights  (10  gnns.)  of  the  two  salts  in 
a  small  retort  heated  in  an  oil-bath,  the  neck  of  the  retort  being  bent  downwards,  and 
passing  into  a  test- tube  containing  a  small  quantity  of  water.  About  2  cub.  cent,  of  an 
oily  liquid  heavier  than  water  then  passes  oyer  between  140^  and  160^,  and  at  170^ 
white  fames  of  perchloric  acid  are  given  off.  The  oily  distillate  is  purified  by  repeated 
washing  with  water. 

Perchloric  ether  is  a  transparent  and  colourless  liquid,  heavier  than  water,  of  agree- 
able odour,  and  sweet,  afterwards  bitter,  cinnamon-like  taste,  insoluble  in  water,  soluble 
in  ether.  At  100^  it  either  explodes  or  swells  up.  It  is  the  most  violently  explosive 
of  all  known  compounds,  the  explosion  being  induced  by  heat,  friction,  percussion,  and 
often  taking  place  without  any  external  cause.  When  dry  it  explodes  on  being  merely 
poured  from  one  vessel  to  another.  The  least  drop  exploded  on  an  open  porceliun  basin 
crumbles  it  to  powdeK  If  the  above-mentioned  mixture  of  perchloric  ether  with 
alcohol  be  poured  into  a  basin  containing  an  equal  quantity  of  water,  the  greater  part 
of  the  hydrated  alcohol  poured  off  from  the  drop  of  perchloric  ether  which  faUs  to  the 
bottom,  and  the  remaining  liquid  thrown  on  a  wet  filter  supported  by  a  wire  funnel, 
so  that  the  watery  liquid  may  run  otE,  the  drop  of  perchloric  ether  which  remains  on 
the  filter  may  be  exploded  by  contact  with  a  hot  body  or  by  the  blow  of  a  hammer. 
Its  solution  in  a  sufficient  quantity  of  alcohol,  however,  bums  away  completely,  when 
set  on  fire,  without  the  least  explosion.     (Hare  and  Boyle.) 

Perchloric  ether  does  not  decompose  when  kept  under  water ;  but  undergoes  partial 
decomposition  when  separated  by  water  from  its  alcoholic  solution. — ^Alcoholic  potash 
added  to  the  mixture  of  perchloric  ether  and  alcohol  instantly  produces  complete 
decomposition  of  the  ether,  and  throws  down  a  larger  quantity  of  potassic  per- 
chlorate. 


\m     See    Platinum,  Ctanidbs    of   (ii 
268). 

PBRCHXiOSO^imrOVJB.    See  Quinomb. 

r.    See  RuBiAN. 

*IB»     See   OxTNAFHTRAUc    Acid  (p. 
313). 

PB1U?TUTB>  A  mineral,  crystallised  in  cubes,  from  Sonora  in  Mexico,  con- 
taining, according  to  Percy,  chlorine,  lead  and  copper,  in  the  proportion  0 '84  :  2*16  : 

0-77,  whence  he  regards  it  as  P£>Cl«O.Cu«Cl«O.H«0.    (PhiL  Mag.  [3]  xxxvi.  131 ; 
Jahresb.  1850,  p.  763.) 

PBSSZRZVll.  An  alkaloid  occurring  in  the  bark  of  Pao  Pereira  (VaUesia 
inedita\  an  apocyanceous  tree  growing  in  the  Brazilian  forests :  it  possesses  febrifu- 
gal properties.  (Goos,  Pharm.  Centr.  1839,  p.  610. — Peretti,  Axmali  media  chiruig. 
ai  Boroa^  i.  fascic.  3.) 

PSKXCXi ABB.  Magnesia  with  6  to  8*5  per  cent  ferrous  oxide^  occurring  in  cubes 
on  Monte  Somma,  disseminated  through  ejected  masses  of  a  white  lime-stone,  and  in 
spots  of  clustered  crystals,  sometimes  with  white  olivine  and  earthy  magnesite. 
(D amour,  Ann.  Min.  [3]  iv.  381. — Scacchi,  J.  pr.  Chem.  xxviii.  486.) 

PflRIOXiZir.    Syn.  with  Albite  (see  Felspab,  iL  621). 

.    PBBZ]M>TB.     Syn.  with  Olivin  (p.  201). 

PBRZHKORPBOITS  CBTBTAXiS.  Crystals  consisting  of  an  envelope  of  one 
mmeral  with  a  nucleus  of  another,  the  external  form  of  the  crystal  being  that  of  the 
envelope ;  for  example  at  Arendal  crystals  are  found  having  the  form  of  garnets  and  an 
external  envelope  of  that  mineral,while  the  interior  consists  of  calcspar  (Jahresb.  1858, 
p.  740 ;   1861,  p.  966). 

PBBZOBZC  ACZO.    See  Iodinb,  Oxtgen-aods  of  (iii.  307). 

PBBZBTBJUTB.    Albite  from  Perth,  Lower  Canada  (see  Felspar,  ii.  622). 

Syn.  with  Pbablstonb  (p.  358). 

Sulphate  of  barium,  used  as  a  water-colour  pigment. 

See  MANOAinc  Acids  (iii.  819). 

or  PBBO^ITBXZTB.    Titanate  of  calcium,  occurring  in  cubes 
and  other  monometric  forms  at  Achmatousk  near  Slatoust  in  the  Ural  (see  Titakates). 

See  Triphylin. 

See  OzTOEN  (pp.  304,  309). 
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Ka.TIOV.  (F  a  T r  e,  Gompt.  rend.  zxxv.  721. — S e  h  o  1 1  i  n,  Arch.  Fhys. 
Ulk.  xi.  78. — ^Funke,  Molesch.  Untersuch.  iv.  36.->Lehmann,  Lehrb.  ii.  326.) — 
Material  pasting  awaj  from  the  body  by  way  of  tlie  skiii.  Acooiding  to  Seqnin,  the 
body  loses  by  sun  and  lungs  18  grains  per  minute,  of  which  11  grains  pass  off  by  the 
skin  and  7  grains  by  the  lungs.  A  large  portion  leaves  the  body  in  a  state  of  gas^  or 
vapour,  constituting  what  is  called  the  "insensible"  perspiration.  This  consists 
mainly  of  watery  rapour,  the  amount  of  which  varies  within  wide  limits  according  to 
the  temperature  and  moisture  of  the  atmosphere,  the  quantity  and  character  of  the 
food  and  drink  taken,  the  condition  of  the  body,  whether  at  rest  or  at  work,  &c.  It  is 
in  fact  this  evaporation  which  regulates  the  temperature  of  the  body.  Besides  watery 
vapour, "insensible  *'  perspiration  contains  carbonic  acid,  nitrogen  (?)  (see  Bbspibatiun), 
and  small  (quantities  of  volatile  and  odoriferous  matters. 

That  which  remains  on  the  snr&ce  of  the  body  as  a  liquid  is  called  the  "  sensible  '* 
perspiration  or  sweat  It  is  said  to  be  secreted  by  the  sudor iparou  s  glands  of  the 
skin,  and  also,  according  to  some  authors,  by  the  portions  of  skin  between  those  glands. 
Over  most  parts  of  the  body  sweat  is  mixed  with  a  fatty  secretion  derived  from  the  so- 
called  sebaceous  glands. 

This  sebaceous  secretion,  which  when  gathered  in  masses  foims  the  vemix  easeota  and 
smegma  praptUii,  consists  principally  of  fatty  bodies,  palmitin,  olein,  with  their  soaps 
and  cholesterin,  a  protein  txxly  resembling  casein,  extractives,  and  salts,  vis.  chloride 
of  sodium,  with  earthy  and  alkaline  phos^ates. 

Sweat,  when  obtained  in  a  tolerably  pure  state,  is  a  dear  colourless  fluid  with  no 
morphological  constituents  beyond  epidermic  scales.  When  i^h,  its  reaction  is  acid, 
of  variable  intensity ;  but  according  to  Favre,  during  a  prolonged  and  copious  sweat, 
the  reaction,  at  first  acid,  becomes  after  a  while  neutral,  and  at  last  alkaline.  The 
odour  of  sweat,  often  very  marked,  varies  with  the  situation  whence  it  has  been  ob- 
tained. The  amount  of  solid  constituents  varies  exceedingly  ;  in  general  it  is  in  in- 
verse ratio  to  the  rapidity  of  secretion,  up  to  a  certain  limit,  beyond  which  it  remains 
constant.  Funke  gives  1*18  per  cent,  as  an  average,  '962  per  cent,  being  the  mean 
for  the  organic,  '329  per  cent  for  the  inoiganic  substances.  The  total  amount  of  sweat 
varies  extremely. 

As  normal  constituents  of  sweat  may  be  mentioned — 1.  Various  acids:  mainly 
formic,  with  butyric  and  acetic,  and  possibly  propionic,  caproic  and  caprylic.  The 
existence  of  lactic  acid  (Berselius)  has  been  denied  by  later  observers. — 2.  Neutral 
fats,  which,  since  they  have  been  found  in  paits,  such  ss  the  palm  of  the  hand,  destitute 
of  sebaceous  glands,  must  be  reckoned  as  true  elements  of  sweat :  cholesterin,  palmitin, 
olein,  stearin. — 3.  Nitrogenous  bodies:  the  sudoric  or  hydrotic  acid  of  Favre,  urea 
(leucine,  tyrosine  ?).  Most  observers  have  failed  to  find  the  former ;  tlie  latter  has  been 
determined  by  Funke,  who  found  as  much  as  0' 112  and  0*199  per  cent  in  a  total  diy 
residue  of  *696  and  '790  per  cent  Other  inquirers  also  have  detected  urea  in  sweat 
(acoordiiur  to  Meissner,  the  amount  of  it  varies  with  the  nature  of  food  taken), 
and  yet  Kanke  failed  to  find  it  (see  NuTBrnoN,  p.  162). — 4.  Salts:  chiefly  chloride 
of  sodium,  with  chloride  of  potassium,  alkaline  and  earthy  phosphates,  alkaline  sul- 
fates, and  a  trace  of  iron.  According  to  Schottin,  there  is  also  a  colouring  matter. 
The  amount  of  epithelium  is  0*42  per  cent,  Schottin,  or  0'206 — 0-283,  Funke. 

The  following  substances  are  said  to  have  been  observed  at  various  times  as  abnor- 
msl  constituents  of  sweat :  Albumen,  urea  (in  large  quantities  in  cholera),  uric  acid, 
oxalate  of  calcium,  lactic  acid,  sugar,  bile-pigments,  indigo  in  blue  sweat,  black  colour- 
ing matter  in  black  sweat,  and  blood  in  "bloody  sweat"  Benzoic  (partly  as  hippnric)^ 
succinic  and  tartaric  acids,  iodine  and  iodide  of  potassium,  have  when  taken  internally 
been  detected  in  the  perspiration.  M.  F. 


^OTUEC  ACmi.    Syn.  with  SixiCTuc  Acn>. 

IVZJPBIBafl,    AmX-»Z8n&yB0CAS80«Z0    and 

BVXiVBOCAmBOVXO.    See  Suij>hocabbomic  Ethbbs. 


PBBSV&nOCYJURO  ACSD.  C«H«N«S"  «  Cy«H«S«.  PersulphocviMsU^drie 
or  Sydropersulphocyanic  acid,  Sulphuretted  Hydrosutphoctfanie  acid,  Hydroxanihie 
acid,  (Wohler,  Gilb.  Ann.lxix.  271.— Woskresensky,  TraiU  de  CMmu  oroanique 
par  Uebiff,  i.  192.— Liebig,  Ann.  Ch.  Pharm.,  xliii.  96.— Volckel,  Pogg.  Ann.  Mil. 
138 ;  Ixi.  149 ;  Ixii.  160 ;— Ann.  Ch.  Pharm.  Ixxxix.  127.)— This  body  was  discovered 
in  1821  by  "Wohler,  but  was  confounded  for  some  time  with  persulphoeyanogen ;  till 
the  distinction  between  the  two  was  pointed  out  by  Woskresenskv  and  by 
Volckel.  ''  ^ 

It  is  produced  by  the  metamorphosis  of  sulphocyanic  acid,  CyHS,  under  the 
influence  of  mineral  acids ;  also,  under  certain  circumstances,  by  the  spontaneous  decom- 
position of  sulphocyanates :  j         ^ 
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SCyHS       -       CyH       +       Cy*H«S« 

Sulphocvantc  Hydrocyanic         P«riulphocyaDic 

acid.  acid.  acid. 

It  is  prepared : — 1.  By  mixing  a  cold  saturated  aqueous  solution  of  sulphoeyanate 
of  potassium  with  from  6  to  8  times  its  bulk  of  strung  hydrochloric  add.  The  mixture 
at  first  coagulates  into  a  white  gelatinous  magma,  which  turns  yellow  in  a  few  minutes, 
g^ves  off  carbonic  anhydride  and  hydrocyanic  acid,  after  the  lapse  of  an  hour,  and  is 
converted  into  a  mass  consisting  of  a  liquid  and  needles  of  persulphocyanic  acid.  The 
needles,  if  collected  after  24  hours  and  washed  with  cold  water,  constitute  the  pure 
acid  (V  dick  el).  The  decomposition  takes  place  just  as  well  with  a  dilute  solution 
of  sulphoeyanate  of  potassium  ;  but  the  separation  of  the  needles  is  slower. — ^Another 
method  is  to  saturate  a  solution  of  sulphoeyanate  of  potassium  in  6  parts  of  water, 
keeping  it  cold,  with  hydrochloric  acid  gas :  the  persulphocyanic  add  then  separates 
Bfter  a  while,  on  cooling,  in  the  form  of  a  yellow  powder.  If,  however,  the  liquid  be 
suffered  to  get  warm  from  the  absorption  of  the  hydrochloric  add,  part  of  the  separated 
sulphocyanic  add  yolatilises  undecomposed ;  the  mixture  likewise  gives  off  carbonic 
anhydride  after  awhile,  sometimes  also  sulphuretted  hydrogen  and  sulphide  of  carbon ; 
and  there  are  formed  in  it,  hydrocyanic  acid,  formic  add,  and  ammonia,  by  which 
products  the  yield  of  persiilphocyanic  acid  is  diminished,  the  amount  of  diminution 
being  greater  as  the  solution  of  sulphocyanide  of  potassium  is  more  dilute,  and  its 
temperature  rises  higher  (Volckel). — 2.  Bypassing  diy  hydrochloric  add  gas  over 
melted  sulphoeyanate  of  potassium  contained  in  a  tubulated  retort,  whereupon  sulphide 
of  carbon  and  hydrocyanic  add  are  evolved,  and  persulphocyanic  add  sublimes.  The 
latter  is  purified  bv  cQssolving  it  in  boiling  alcohol,  from  which  it  separates  out  again 
on  cooling.    (Liebig.) 

Persulphocyanic  add  thus  obtained  is  a  pale  yellow  crrsUlline  powder,  tasteless 
and  inodorous,  nearly  insoluble  in  cold  watery  sparingly  soluble  in  boiling  water,  whence 
it  separates  in  splendid  yellow  needles  on  cooling;  soluble  also  in  alcohol  and  in  ether. 
The  solutions  have  a  slight  add  reaction,  and  form  predpitates  with  the  salts  of  many 
of  the  heavy  metals. 

Persulphocyanic  acid  decomposes  at  about  200^,  giving  off  chiefly  sulphide  of 
carbon,  and  finally  ammonia  and  sulphur ;  if  the  heat  has  been  rather  strong,  the 
residue  consists  of  hydromellone  (iii.  874) ;  if  it  has  been  lower,  the  residue  reacts  like 
a  mixture  of  sulphur  and  melam.  Accoiding  to  Gerhardt's  formula  of  melam  and 
hydromellone  (iii.  866,  874)  the  decomposition  may  be  represented  by  the  equations : 

3C«N»H»S«      -.       3CS»     +     S«     +     C"N«H« 
Penulphocyanlc  Melam. 

acid. 

and  2C«N«H«      -       3NH«     +     C«N»H» 

Mdan.  Hydromellone. 

or,  according  toLiebig's  formulifi  {loc.  cit.) ; 

eciTEra*     «     6cs«   +   s*   +    nh«    +    cw»h» 

Pertulphoeyanlc  Melam. 

aield. 

and  C^»H»      «      2NH«     +     CWH» 

Melam.  Hydromellone. 

Small  quantities  of  sulphydric  and  sulphocyanic  add  are  likewise  found  among  the 
products. 

Volckel,  by  heating  persulphocyanic  acid  to  various  temperatures,  obtained  a 
number  of  brown  or  yellow  amorphous  residues,  of  vazying  composition,  which  he 
regarded  as  sulphides  of  peculiar  radides  (xuthene,  meletUf  xanthene,  &&);  but  they 
were  probably  nothing  but  mixtures. 

Persulphocyanic  acid  is  but  slightly  attacked  by  kyirochlorio  add  at  common 
temperatures ;  at  the  boiling  heat^  however,  it  is  partly  resolved  into  carbonic  anhydride, 
ammonia,  sulphydric  add,  and  sulphur: 

C«N»H«S»  ♦  4H«0  -r  2C0«  +  2NH»  +  2H»S  +  S. 
Nitric  acid,  especially  when  hot>  converts  it  into  carbonic  anhydride,  sulphuric  add, 
and  ammonia.  It  dissolves,  without  alteration,  in  cold  strong  sulphuric  acid,  and  is 
repredpitated  by  water ;  but  on  boiling^  the  solution  sulphurous  annydride  is  evolved: 
— Chlorine  decomposes  persulphocyanic  add,  espedally  with  aid  of  heat,  forming 
chloride  of  sulphur,  chlonde  of  cyano^n,  hydrochloric  acid,  and  a  brown-red  body  in- 
soluble in  water. — By  caustic  alkalis  it  is  gradually  converted  into  sulphoeyanate  and 
free  sulphur:  Cy«H«S»  -  2CyHS  +  S. 

Persnlphocyanates. — ^The  solutions  of  persulphocyanic  add  in  aqueous  alkalis 
msy  be  regarded,  when  recently  prepared,  as  persulphocyanates,  thou^  as  just 
observed,  they  are  gradually  converted  into  sulphocyanates.    These  solutions^  as  well 
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aa  the  aqueous  acid,  form  yellow  precipitates  with  stannoua  chloride,  cupric  sulphate^ 
and  nitrate  of  lead :  with  nitrate  of  silver  a  yellow  precipitate  which  quickly  decom- 
poses, with  formation  of  sulphide  of  silver ;  and  with  platinic  chloride  a  brownish-yellow 
|>recipitate.  The  salts  of  the  other  heavy  metals  are  not  precipitated  by  soluble  per- 
sulphocyanates. 

Persvlphocyanate  of  Lead.  CyTb^S*. — Obtained  by  precipitating  a  boiling  aqueous 
solution  of  the  acid  with  neutral  acetate  of  lead ;  resembles  chromate  of  lead  in  external 
characters,  and  is  perfectly  insoluble  in  water,  alcohol,  and  dilute  acids. — ^With  baste 
acetate  of  lead,  a  precipitate  is  formed  containing  Cy'Fb"S'.Pb''0. 

PBRSVZiPHOCnrAiroOSir.  CN'HS*  =  Cy'HS*?  Pseudosulphocyanogen, 
Sulphide  of  Cyanogen,  Cyanoxieulfide.  (Wohler,  Gilb.  Ann.  Ixix.  271. — ^Liebig; 
Ann.  Ch.  Pharm.  x.  1 ;  xi.  12;  xxv.  4;  xxxix.  199,  201,  212;  L  337.— Parnell, 
£ev.  scient.  v.  149. — Volckel,  Ann.  Ch.  Pharm.  xliiL  80 ;  Ixxxix.  127  ;  Pogg.  Ann. 
Iviii.  146;  Ixii.  607. — Laurent  and  Gerhardt,  Ann.  CIl  Phys.  [3]  xix.  98. — 
Jamieson,  Ann.  Ch.  Pharm.  lix.  339. — Gm.  viii.  108. — Gerh.  i.  447. — ^A  compound 
produced  by  the  action  of  chlorine  or  boiling  dilute  nitric  acid  on  aqueous  sulphocyanate 
of  potassium.  It  is  an  orange-yellow  precipitate,  insoluble  in  water,  alcohol,  and  ether, 
soluble  in  strong  stdphuric  add,  whence  it  is  precipitated  by  water  without  alteration. 
It  was  formerly  regarded  as  eulphocyanogen  CNS,  the  radicle  of  the  sulphocyanates ; 
but  its  constitution  is  really  more  complex.  The  analyses  made  of  it  by  different 
chemists  also  differ  considerably,  as  will  be  seen  by  the  following  table : — 

Vb'Ickel. 


Liebig.  Parnell.  earlier.  later.  Jamfeson.  Lciur.  8c  Gerh, 

Carbon      .  2006  1993  2020  20-31         1917         20*45 

Nitrogen    .  2323  23-31                                2236 

Sulphur     .  55-84  to  56-15  5259  5268  54*26                   50  88         5390 

Hydrogen .     0*33  to    096  0-92  1*08  0*90    0*91           1*68           066 

Oxygen  3*20  300                                  601 

10000       100-00  100*00 

All  these  analyses  were  made  with  persulphocyanogen  obtained  by  the  action  of 
chlorine  on  aqueous  sulphocyanate  of  potassium. — Liebig  dried  it  in  vacuo  before 
apalysing  it. — Parnell  dried  it  partly  over  the  water-bath,  partly  at  242°,  at  which 
latter  temperature  a  slight  odour  of  cyanogen  was  apparent. — Volckel  does  not  state 
the  temperature  at  which  his  substance  was  dried.— -Jamieson  boiled  the  precipitate 
with  water  as  long  as  anything  was  dissolved  out,  and  examined  the  pure  yellow 
powder  which  remained.  During  this  boiling,  the  odour  of  cyanogen  was  perceptible, 
and  the  water  dissolved  sulphocyanic  acid,  together  with  a  small  quantity  of  anotlier 
sulphur-compound.  As  the  preparation  might  have  been  decomposed  during  this  long 
boiling,  and  moreover  it  is  not  stated  how  the  substance  was  dried  before  analysis,  the 
analytical  results  are  not  much  to  be  trusted,  especiallv  as  the  amount  of  oxygen 
comes  out  too  great.  This  amount  of  oxygen  is  regarded  by  L i  eb ig  (Ann.  Ch.  Pharm. 
1.  337)  as  veiy  problematical,  inasmuch  as,  in  the  dry  distillation  of  pseudosulphocyano- 
gen,  no  oxygenised  product  is  obtained,  except  water. — L  a  u  r  e  n  t  and  Gerhardt  dried 
the  portion  of  the  precipitate  which  appeared  under  the  microscope  to  be  perfectly  free 
from  crystals  (probably  of  persulphocyanic  acid^  for  a  long  time,  and  .at  high  tempera- 
ture. Their  analysis,  which  agrees  very  nearly  with  the  more  recent  analyses  by 
Volckel,  leads  to  the  formula  C^N"HS»  (calc.  2057  C,  2400  N,  5486  S,  and  057  hJ, 
according  to  which  persulphocyanogen  is  formed  from  persulphocyanic  add  by  substi- 
tution of  1  at.  cyanogen  for  1  at  hydrogen. 

Persulphocyanogen  when  heated  gives  off  sulphide  of  carbon  and  free  sulphur, 
leaving  a  residue  of  hydromellone : 

3C»N«HS»       -       3CS«     +     S«     +     C«N»H«. 

If  moisture  is  present,  ammoniacal  products  are  also  given  off  at  the  commencement  of 
the  decomposition.  Chlorine  acts  on  persulphocyanogen  only  at  high  temperatures, 
forming  solid  chloride  of  cyanogen,  chloride  of  sulphur,  and  a  residue  of  hydromellone. 
Persulphocyanogen  dissolves  easily  in  a  solution  of  sulphydrate  of  potassium,  yielding 
sulphocyanate  and  sulphomellonide  of  potassium,  together  with  other  products : 

2Cy*HS»  +   3KHS  +    2H«0     -     2CyKS  +  Cy»H»KNS«  +   3H*S  +   C0«_+  S«. 

Suipho-  SalphomeU 

cjaoate.  lonide. 

Persulphocyanogen  dissolves  slightly  in  ammonia  (W o  h le  r) ;  abundantly  (Liebig). 
When  boiled  ^th  potash,  it  forms  a  solution  which  gives  with  ferric  salts  the  reaction 
of  sulphocyanic  a<ud.    By  triturating  persulphocyanogen  with  strong  potash,  adding  a 
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large  qnantity  of  water,  then  an  excess  of  lead-acetate,  and  lastly  sufficient  acetic  acid 
to  produce  an  acid  reaction,  Volckel  obtained  a  brownish-yellow  precipitate,  apparently 
consisting  of  2Cy«Pb''S«.Pb"H«0». 

HydrotMocyanio  acid. — ^When  persulphocjranogen  is  boiled  with  potash,  and  hydro- 
chloric acid  added  to  the  solution,  a  yellow  powder  is  precipitated  which  dissolves  in 
42  pts.  of  boiling  water,  and  the  solution  forms  with  acetate  of  lead  a  yeUow  precipitate 
of  hydrotUocyanaU  of  lead,  Cy*HPb''S»0.  The  acid,  Cy»H*S«0,  may  be  regarded  as 
formed  from  persulphocyanogen  by  addition  of  1  at.  H*0.  The  analysis  of  the  yellow 
powder  aboTe  mentioned  does  not  however  agree  very  well  with  this  formula.  (P a  r  n  e  1 1, 
Volckel.) 

Orthoclase  from  Perth  in  Canada.     See  Fblsfab  (ii.  620). 

See  Balsams  (i.  496). 

An  acid  obtained,  according  to  Unger  (Pogg.  Ann.  Ixv. 
222),  by  gently  heating  guanine  with  a  mixture  of  chlorate  of  potassium  and  hydro- 
chloric acid.  It  crystallises  in  shortened  prisms  with  rhombic  base,  or  in  tufts  of 
colourless  crystals  destitute  of  taste  and  smell.  Contains  31*26  per  cent,  carbon  and 
2-60  hydrogen ;  ratio  of  carbon  to  nitrogen  10-4 ;  whence  it  is  probably  C'*H*N"0*.H-0. 

VBRUVUI.    Syn.  with  Sttrone  or  CmmrLic  Alcohol  (i.  992). 

PBTAI^XTS.  Castor. — ^A  silicate  of  aluminium  and  lithium,  also  containing 
sodium,  in  which  lithia  was  discovered  by  Arfvedson  in  1818.  It  occurs  massive,  with 
apparently  monoclinic  structure,  exhibiting  three  cleavages  in  one  zone,  affording  the 
angles  117^,  142°  and  101**,  the  cleavages  inclined  at  142°  are  the  most  distinct. 
Hardness  «  6  to  65.  Specific  gravity  =  2-42  (Arfvedson);  2-46  (Clarke); 
2*426  (C.  G-.  Gmelin).  It  has  a  A-itreous  and  glistening  lustre,  pearly  on  the  faces  of 
perfect  cleavage,  and  a  white  or  grej  colour,  with  occasionally  a  reddish  or  greenish 
tinge.     Streak  whit^.     Translucent.     Fracture  imperfect  concho'idal 

When  heated  before  the  blowpipe,  either  alone  or  with  fluor-spar  and  acid  sulphate 
of  potassium,  it  colours  the  flame  transiently  red,  behaving  in  other  respects  like  ortho- 
clase.    It  is  not  attacked  by  acids.  « 

Analyses. — 1.  From  Uto:  a.  By  Arfvedson  (Schw.  J.  xxii.  93): — b.  By  C. 
Gmelin  (Gilb.  Ann.  Ixii.  399); — c.  Beddish;— (2.  Whitish,  by  Waltershausen 
( Vulks.  Gest.  p.  296) :— <?.  By  Ha  gen  (Pogg.  Ann.  xlviii.  361) ;— /.  Specific  gravity 
2*447 — 2-466,  byRammelsberg  (ibid.  Ixxxv.  644).— 2.  From  Bolton,  Massachusetts, 
by  Smith  and  Brush  (Sill.  Am.  J.  [2]  xvi.  365).~3.  From  Elba  (the  variety  called 
Castor;  by  Piatt ner,  Pogg.  Ann.  Ixix.  436,  443) : 

I.  s.         a. 


a.  b. 

79*21  74-17 

17-22  17-41 

^•76 1  5-16 

!    '.  0-32 


c. 

d. 

r. 

/.     ' 

76-74 

74-60 

77-22 

77-79 

77*93     98-01 

18-66 

16-94 

17-47 

18-68 

16-24     18-86 

2-69 

2-98 

2-67 

3-30 

3-63      2-76 

•         • 

006 

2-29 

119 

0-60 

0-62 

0*73 

0*10 

010 

*    * 

•         • 

0-24 

0*18 

0-16 

•    • 

•         • 

0-66      0-61 

0*97 

0*92 
96-48 

■     ■ 

•         • 

0-66 

99-96 

99-66 

100-86 

99*76  100*23 

Silica 

Alumina 

Lithia     . 

Soda 

Lime 

Magnesia 

Ferric  oxide 

Loss  by  ignition      .  .     .  2*17 

10219      99-23 

According  to  these  analyses,  petalite  may  be  regarded  as  3(M^0.2SiO*).4(Al*0'.6SiO«) 
or  perhaps  as  3(M»0.3SiO«).2(2i^*0«.9SiO«).  Castor  may  be  approximately  represented 
by  the  formula  (Li^0.3SiO').(2Al«0».9SiO«)  or  by  (Li«0.2SiO»).2(iPO».6SiO»). 

PBTA8ITB.  A  resin  obtained  from  the  root  of  Tussilago  petasites.  It  is  not 
altered  by  caustic  soda.  Its  alcoholic  solution  mixed  with  mineral  acids  assumes  an 
emerald-green  colour,  changing  to  blue  in  the  case  of  hydrochloric  acid.  (Reinsch, 
N.  Jahrb.  Pharm.  iv.  267.) 


An  alkaloid,  isomeric  if  not  identical  with  tetrylamine,  0*H"N, 

occurring  in  the  most  volatile  portion  of  bone-oil.     (See  Tstbtlamikb.) 

PBT&03EN  C"H»».  (Bussenius  and  Eisenstuck,  Ann.  Ch. Pharm, cxiii.  151.) 
— A  hydrocarbon  (not  isolated)  occurring  in  the  petroleum  of  Sehnde  near  Hanover. 
On  distilling  the  crude  petroleum  with  steam  at  a  pressure  of  4  or  5  atmospheres,  and 
rectifying  the  naphtha  which  passes  over,  a  portion  is  obtained  boiling  below  180**  and 
consisting  of  petrol  together  with  oleflnes  and  homologiies  of  marsh-gas.    The  petrol 
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oumot  be  anmnkeAhjbwtixmal  distOIatMyD,  but  bj  trMhncnt  withaiiuxtaivof  0bnoDg 
nitzie  and  suphinrie  acida,  it  maj  be  eonrert^d  into  a  OTstalliiie  eompovnd,  Tiz. : 

Trinitropetroi^  C^^(NO')^. — To  piepare  this  eompoond,  2  pta.  oil  of  Titriol, 
1  pL  nitric  add  of  gpeaBe  gnritj  1-5,  and  2  pta.  of  the  aboTe^mentioned  disdllate, 
boiling  bdow  1S(P,  are  disposed  one  orer  the  other  in  lajen  in  a  tnbnlated  letoit,  and 
left  to  mt  for  24  bona.  The  action,  which  vonld  be  Tieknt  if  the  liquids  wm 
npidly  nixed,  then  takes  place  qoietlj,  and  trinitzopetvol  separates  betveen  the  add 
and  the  oil,  as  a  crystalline  mass^  which,  after  the  add  and  oil*  hare  drained  oC  is 
purified  bj  wuhing  with  water  and  with  lokewarm  alrf>hol,  and  repeated  frartimial 
OTStallisation  from  hot  akohol,  the  portion  which  separates  bekw  40^  being  each  time 
eoilected  apart. 

Trinitropetrol  OTstalHses  in  needles  and  scales^  the  latter  being  formed  most 
abimdantlj  at  eomparatirelj  low  temperatores.  It  m^hs  at  182^,  acrfidifying  asain  at 
135^ — 140^.  It  is  insoluble  in  watfr,  salable  in  etker,  benzene,  and  cold  a<Mo^  more 
easilj  (to  the  amonnt  of  ^)  in  boiling  alcohoL  It  is  decomposed  hj  a  miztore  of 
iron  Jiiingt  and  meeHc  meid,  bat  without  formation  of  orstaUisable  products.  With 
akoholie  #H/j»iidie  q/'aaunoiuiiai,  it  Ibnns  two  compounds,  one  of  which  posanses  distinct 


Nitropetroldimmine.O'B^nS^O^  -   1^^"^*^^1"[n».— When  trinitropetrol  is 

mixed  in  a  retort  with  akoholie  sulphide  of  ammonimn  and  snlpbjdric  add  9M  is  p»ed 
into  the  mixture,  a  large  qnantitj  of  snlphnr  snddenlj  eeparates,  and  nitro-petroldiamine 
czystallises  out.  The  excess  of  sulphide  of  ammonium  and  the  alcohol  are  rcmorsd  as 
eompletelj  as  possible  bj  di>tiUation.  and  the  nitropetroldiamine  is  purified  hj  ex- 
hausting the  residue  with  boiling  alct^l,  dissolring  the  crystals  whidi  separate  diere- 
firom  in  dilute  sulphuric  acid^t  predpitating  the  filtemi  solution  with  ammonia, 
repeating  this  solution  and  prtKapit^ktioD,  and  recrrstalHsing  the  product  firom  alcofaoL 

Xitruprtwldiamine  eT7StalIi5«^  in  long  orange-rpd  monoclinic  prisms,  insoluble  in 
water,  sparinglj  soluble  in  cold,  rather  easibr  in  boiling  alcohol.  It  begins  to  sublime 
at  210^,  melte  at  215°  (the  fused  mass  solidi^ic>  in  the  crystalline  form  at  the  same 
temperature\  and  decomposes  at  a  higher  tempt-rature,  with  separation  of  charooaL 
Treated  with  nitrous  arid,  it  yields  nothing  hut  brown  resiooas  proiiucts. 

Bydrockl^rates  of  yUrop^troidiamine.—Tiie  sAu  OH"5K>*^Cl  is  obtained  in 
crystals  by  heating  the  base  with  water  and  a  quantity  of  hydrochlonc  add  not  suffident 
fijr  compile  solution,  and  learing  the  filtrate  to  eraporate.  A  si^ution  of  the  base  in 
excess  of  hydrodiloric  acid  yields  th^  salt  C^"N'0'.2HCL 

The  cUSrvpfatinate,  OH"NH)«.2HCLPt*'Cl4.3HK),  separates  on  addinsplatimcdilo- 
ride  to  the  solution  of  the  last-mentioned  salt,  in  golden-yellow  rix-sided  microaeopic 
tablets;  which  dissolve  easily  in  hydrochloric  acid,  are  decomposed  by  wiOer.  with 
separation  of  the  base,  gire  off  their  crystallisation- water  below  100^,  and  hydrodiloric 
add  at  a  temperature  a  tittle  abore  that  point. 

Suipkatrs. — a.  On  boiling  nitropetroldiamine  with  water,  addini?  dilute  sulphuric 
acid  all  it  is  completely  dissolved,  and  learing  the  solution  to  cooL  the  salt  OH^X'O'. 
SFB^O*  separates  in  rather  large  six-sided  monoolinic  {nisms*  which  are  decomposed 
by  water. — A.  The  mother^liquor  of  this  salt  yields  br  slow  eiaporation  OTcr  oil  of 
vTtrioU  luge  transparent  plates  of  the  salt  OH^NH>'/i:SH'.<>2HH>.  which  gires  off  ita 
water  at  liX>^,  and  like  the  preceding,  is  decomposed  by  reciystaUisBtioa  from  hot 
water,  yielding  basic  compooiMlaL — 7.  On  boiling  nifrc»petroldiainuie  with  a  quaatitj  of 
dilute  sulphuric  add  Dot  suflSdent  to  dissolw  the  whole,  and  filtmngthe  solution  while 
hoc  th<-  filtrate  solidifies  to  a  mass  of  small  yeUowish  laminae  of  the  sah  20H"NK>*. 
SHH>*JiHH>.  which  gires  off  its  crystallisation- water  at  II tV. 

Tri*tksftnitrop€troIdianine,  O'H^-W  -   ^ ^'^^^1' ! X».— The bjdrio- 

date'of  this  base.  0*H«-><^.m.  obtained  by  heating  nitropetroldiamine  for  some  tbne 
with  ecfaytic  iodide  in  a  bath  of  boiling  solutioB  of  nitrate  of  sodium,  and  pvrified  bj 
recrystallising  the  solid  part  of  the  product  from  hot  water,  crystallises  in  red  rhombie 
pdaoH  with  pynmidal  faces^  On  adding  ammonia  to  the  solution  of  this  hydriodata  is 
hydroehkeie  add,  triethyl-nitropetrokiiamine  is  predpitatcd  in  leoKMb-yeHow  ^■■Ut  ;  it 


■  Tbis  oOy  liqaiii,  after  vashhif  with  mater,  dnriaft  over  chloride  af  cale^om,  left  ^  ^ 

Ihirhliih  jcUw  naiatm  which  dcpoaiCctl  nacnraos  'cr^taUine  iMnimr.      ThM*  cmtaia  cxhiiht«ed4 
icaMim  a  OKlTuif  poiiift  heCveao  155°  an^  iv^,  and  a  c^rapwtiua  tmrmtfoaidmg  with  ite 
C*GPlXO^'.«hrac»  th««  appear  to  consist  of  thm  aext  hoa»ok>c«i»  of  tnaitiovctrot  •  ttevaha 
Bh«tih»laarr  with  isipti Hie  tffMBOBoa.uK.  -i-         >        7 

t  There  then  niaiiiw  undisaol'vcd  an  oraufe^rrnow  crrstalThi*  campooBd  C'^H'N^C^   hMoUhla  ia 
wafirr.  a&atis  and  dilute  ac:ds«   aomMe  ta  concvnt-af  At  acids,  aod  wimitik  ffii'mfriM   br 
sfonBfiy  MloMe  in  aJcotel,  ««her,  ch.oroi.>rwi  aad  auii  hide  of  carh«a  ;  aeitiac  M  l!^l'>     — 


I  ^nanhty.    When  s>ihj<ev-c«d  to  tuc  at  a  -a  a(  dry  hTdirachUir^ 
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18  flolable  in  alcohol  and  in  ether,  and  separates  from  these  solutions  on  eraporation  in  oilj 
drops  which  solidify  in  the  crystalline  form  after  some  time  only.  The  solution  of  the 
base  in  hydrochloric  acid  yields^  on  addition  of  platinic  chloride,  the  platinum-^alt 
2(C"H»NK)*.HCl)Pt»'Cl*,  in  tufts  of  slender  golden-yellow  needles. 

rarXO&BWB.  The  name  applied  byBoussingaultto  the  more  TolaHle  con- 
stituent of  asphalt  or  bitumen  (i.  426).  See  also  Volckel  (Ann.  Ch.  Pharm.  Izxxvii. 
139;  Jahiesb.  1853,  p.  524). 


PBTSOIiaVM.  Earth  OU,  Naphtha,  Maltha,  Mineral  Tar  or  (HI;  Erdol,  Steinol; 
Bitume  liquide, — A  variety  of  liquids  known  by  some  one  or  other  of  the  abore  names, 
and  corresponding  with  vf^etal  and  animal  oils  in  the  characters  of  inflammability  and 
insolubility  in  water,  occur  in  many  parts  of  the  earth.  They  all  agree  in  possessing  a 
strong  bituminous  smell,  but  differ  considerably  in  other  ph^sicfli  characters,  being 
sometimes  thin,  transparent  and  pale  coloured ;  sometimes  viscid,  opaque  and  black. 
There  are  also  numerous  varieties  with  characters  intermediate  between  these  extremes. 
The  specific  gravity  varies  from  0*7  to  1*1,  and  the  colour  is  firaquently  brown  or 
greenish.  The  name  naphtha  has  generally  been  applied  to  the  thinner  and  least  coloured 
varieties  of  mineral  oil,  or  to  the  more  volatile  portion  of  the  distillate  obtained  by 
rectifying  the  native  oil,  while  the'  darker  and  more  viscid  kinds  have  been  termed 
mineral  tar,  and  the  intermediate  varieties  peiroleufn. 

The  countries  most  famous  for  the  occurrence  of  mineral  oil  are  Persia^  the  Caucasus 
and  GkH>rgia,  Burmah,  the  West  Indian  Islands,  and  North  America.    It  also  occurs 
in  the  country  to  the  north  of  the  Danube,  in  Italy,  Bavaria,  Hanover,  Zante,  Switzer- 
land, China,  India,  and  to  some  extent  in  England  and  France. 

Chemically  the  substances  known  by  names  of  naphtha,  petroleum,  &c.,  are  all  very 
doeely  allie<i,  inasmuch  as  they  consist  for  the  most  part  of  oils  differing  in  density  and 
volatility.  The  older  analyses  of  these  mineral  oils  were  made  witliout  any  further 
attempt  at  separating  the  substances  they  evidently  contained  in  a  state  of  mixture, 
than  merely  rectifying  the  oil  and  treating  it  with  sulphuric  acid.  They  sufficed,  how- 
ever, to  establish  the  fact  that  the  constituents  of  petroleum  were  essentially  com- 
Sounds  of  carbon  and  hydrogen ;  but  the  chemistry  of  the  hydrocarbons  was  so  slowly 
eveloped,  after  the  time  when  Faraday  demonstrated  the  existence  of  numerous  com- 
pounds of  this  kind,  and  petroleum  was  so  little  used,  that  scarcely  any  progress  was 
made  towards  a  knowledge  of  its  constitution  until  quite  recently,  since  the  extensive 
application  of  this  material  to  useful  purposes  has  caused  greater  attention  to  be 
directed  to  it 

A  thick  black  variety  of  petroleum,  occurring  between  Peklenicza  and  Moslowina  in 
Hungary,  was  examined  in  1788  by  Winterl,  who  found  that  it  yielded  b^  distillation 
a  colourless  oil,  a  yellow  oil,  and  a  buttery  mass,    (Crell's  Chem.  Annal.  i.  493.) 

A  dark  brown  Galician  pretoleum  of  specific  gravity  0*943,  was  examined  in  1791 
byMartinovich,  who  obtained  from  it  by  distillation  a  yellow  oil  of  specific  gravity 
0*811,  and  two  darker  oils  of  specific  gravity  0*867  and  0*961  respectively  (Crell's 
Chem.  AnnaL  i.  72).  In  1817Sau88ure  published  an  account  of  his  investigation  of 
the  native  naphtha  of  Miano,  in  the  Duch^  of  Parma,  which  was  used  at  that  time  for 
lighting  the  streets  of  Genoa.  He  described  it  as  being  a  transparent,  yeUow,  thin 
liquid,  0*836  specific  gravity,  with  a  strong,  persistent  smell,  separable  by  distillation 
into  a  colourless,  lighter  and  more  volatile  portion,  and  a  heavier,  less  volatile  portion. 
The  former  he  termed  rectified  naphtha.  It  had  a  specific  gravity  of  0*768,  with  only  a 
slight  evanescent  odour,  was  entirelv  volatile  at  the  ordinary  atmospheric  temperature, 
unalterable  by  exposure  to  liffht  and  air,  and  little  acted  on  by  strong  acids.  It  mixed 
in  all  proportions  with  absolute  alcohd,  and  dissolved  in  seven  parts  of  alcohol  of 
specific  gravity  0*835.  Caoutchouc  macerated  in  this  rectified  naphtha  without  heat, 
swelled  to  at  least  thirty  times  its  volume,  but  after  forty-eight  hours  the  naphtha  con- 
tained only  a  seven-thousandth  of  its  weight  of  caoutchouc.  (B!bL  Univ.  8.  and  A. 
iv.  116.) 

In  1829  Unverdorben  obtained  from  Persian  petroleum  similar  products  by  dis- 
tillation, and  inferred  that  it  consisted  of  a  mixture  of  several  oils  together  with  a  small 
quantity  of  a  kind  of  solid  fat  (paraffin  ?),  resin,  and  an  indifferent  coloured  substance. 
(Schwcig.  Jour.  Ivii  243.) 

Christison  and  Gregory  in  1831  examined  the  petroleum  of  Bangoon.  It  was 
of  a  buttery  consistence  at  ordinary  temperatures,  of  a  dark  brown  colour  with  a  tinge 
of  green,  and  a  specific  gravity  of  0*880.  The^  separated  it  by  distillation  into  three 
different  portions,  and  extracted  parafiin  from  it  See  Pasatfin.  (Trans.'  Boy.  Soc. 
Edinb.  xiu.  118,  124.) 

Blanchet  and  Sell  in  1833  obtained  similar  products  from  Persian  petroleum, 
viz. :  an  oil  of  specific  gravity  0*749,  boiling  at  94°  C,  and  three  oils  boiling  at  138°, 
187°  and  220°  respectively.    (Ann.  Ch.  Pharm.  vi.  309.) 


884 


PETROLEUM. 


In  1886  Kobell  examinecl  the  petroleum  fifom  the  Tegern  Lake  in  Havana,  known 
by  the  name  of  Quirinus  ot/,  and  separated  from  it  a  permanently  liquid  oil,  and  another 
which  partly  •olidified  when  cooled  to  6°.     (J.  pr.  Chem.  Tiii.  306.) 

A  thick  brown  petroleum  from  Niebylow  inGalicia,  examinedby  Torosiwiecz  had 
a  iipeciac  grayity  of  0-960  and  became  perfectly  liquid  only  at  61«>.  Another  kind  trom 
TrunCAwice  wae  of  specific  gravity  0-890.     (Repert  Iv.  15  ;  Ixi.  398.) 

Hess  described  the  petroleum  of  Baku  at  the  same  time  as  having  a  specific  gra- 
vity of  0'836,  begining  to  boil  at  HO®  and  yielding  by  fractional  distiUation  oils  which 
had  no  fixed  boiling  point.    (Pogg.  Ann.  xxxiv.  417.)  ......      _^.       r 

In  1840Pelletier  and  Walter  obtained  by  repeatedly  rectifying  that  portion  of 


ctS\(^naphtol  (C"ft"),  and  they  regarded  these  oils  as  the  constituents  of  petroleum. 

J.  Pharm.  xxvi.  549.)  ,       ,  ,     -_ 

In  1848  and  1849  U re  and  Mansfield  examined  a  variety  of  mineral  tar  firona  a 

coal  mine  at  Alfreton  in  Derbyshire.    The  specific  gravity  was  0*900,  and  it  consisted 

I'hiefly  of  liquid  oiU  boiling  at  temperatures  above  300°,  presenting  in  its  characters 

Home  resemblance  to  the  oil  or  tar  distilled  from  bituminous  shale.      (Pharm,   J. 

Trans,  vii.  486 ;  Chem,  Soc.  Qu.  J.  i.  249.)  ,     .  .v  a  ^ 

Besides  these  investigations,  several  analyses  of  petroleum  and  of  the  products 

obtained  from  it  bv  firactional  distUlation  had  been  made,  the  result  of  which  are  given 

in  the  following  table : 

Analt/sea  of  Petroleum  and  its  products. 


Kind  of  petroleum. 


Miano  . 

Persian  . 

Persian  . 

Baku 

Miano  . 

Miano  . 


I  Rectified  > 
)  products) 
Rectified 
I  Rectified) 
]  products! 

J  Rectified] 
\  products  j 

Native 


J  Rectified! 
)  products'! 


Carbon. 


87-21 
86-66 
86-92 
83*88 
86-43 
79-82 

to 
86-86 
85-68 
86-30 
84-60 
86-80 
8.V50 


Hydrogen. 


12-79 
13-31 
1212 
1429 
13-06 
13-20 

to 
14-61 
13-17 
13-40 
13-40 
13-30 
18-40 


} 


Boiling  point. 


::! 

'940? 

216°  { 
various 


1000—116° 
1160—120° 
1200—130° 
140O— I6OOJ 


Authority. 


Saussure. 

Bumas. 
Blanchet   and 
Sell. 

Hess. 


Pelletiop    and 
Walter. 


I 


These  results  did  not  advance  the  knowledge  of  the  constitution  of  petroleum  much 
l»eyondthe  point  where  it  was  leit  by  Unverdorben  in  1829,  vis.  that  it  was  a 
varying  mixturt^  of  hydrociirbon-eompounds  with  pitchy  or  asphaltie  substances  dis- 
solreil  in  it  to  a  ffrt^ater  or  less  extent^  and  elementary  analysis  was  of  little  utility 
until  some  means  nad  been  found  of  separating  the  individual  constituents  more  com- 
pletely.   (Sehweigger*8  Journ.  ix.  29.) 

Iu*l867  Pe  la  Rue  and  Mfiller  published  the  rssults  of  their  examination  of 
Ran^XH)  )y>troUHun,  showing  that  it  contained  hydrocarbons  of  the  benzene  and  olefine 
series*  but  ^^^n*isted  chiefly  of  compoucds  which  were  not  acted  upon  by  concentrated 
nitric  or  sulphuric  aciiia.    \Proc.  Rov,  S^k*,  viii.  221.'^ 

Kisenstiiek  examinecl  the  petroleum  of  8ehude  (Hanover)  in  185S.  and  came  to 
the  conclusion  that  the  oil  obtained  by  distilling  the  enide  petroleum  with  steam 
axtd  K^linis  below  180^»  consisted  of  a  mixture  of  polymeric  hvdrocaibons  OH^ 
Ik^oik^^^^us  with  ethylene.  tai??ther  with  petrol  C*H**.     (Ann.  Ch.  l^harm.  cxiii.  151.) 

.\<«^N^lin^  to  V  e  I  s  m  a  n«  on  the  other  band,  the  products  obtained  by  Ksenstuck  from 
thi«  petroleuBW  and  Wiling  IWween  136^  and  14dO,  coRv«pond  with  the  formula 
i^U^*».    (.\nn,  Ch.  Pharm.  exiv.  279.^ 

Freund  and  Pebal  examined  Galioiaa  petroleum  and  esme  to  the  conehision  that 
il  <««taitts  substaaoM  Velv^iu^ng  to  at  l««st  thi^po  different  series,  vix.  homokgues  of 
elhyWnei  whieh  are  not  acted  upon  by  eoneentrated  sulphuric  acid  at  the  onliiuijrj  tem- 
perature hi>«K>lv>i;pM«of  beniene^and  lh>oH\l.\rtws  of  phenol,  v^''^  Cli.  Phann.  cxr.  19.) 

Tlie  most  impoitant  invest i^tion  of  petTv>leum  is  that  leeently  vkade  by  Pe  louse 
and  0 a  hours  v^^^^P*^  i^^<^^  ^^^^  1:24«  Ivi  6iVX  Ivii.  <t3V  llieT  operated  vpoa  tlie 
p<rtA>)euia  whic^  Ka«  Wea  biv>«^t  in  larce  n^tuntisy  iK^m  IViL3sv>raiua  dun^  the 
Usi   ^w  Te«nk  aiKl  s\Hve<\W   in  vVl»«*i«;i^  fn-m  *it  tv^^brv^   dacii^ot  ii;u:d  Ht^io- 
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carbons,  which  they  consider  to  be  homologaes  of  marsh-gas  (Htdbidbs,  iii.  181), 
besides  the  solid  hydrocarbons  known  under  the  name  of  parson  (p.  342). 

Hon  a  Ids  has  also  shown  that  this  petroleum  probably  contains  the  lower  members 
of  this  series,  corresponding  to  ethyl  and  trityl,  and  gaseous  at  ordinary  temperatures 
(Chem.  Soc.  J.  xyiii.  529).  Schorlemmer  has  stated  that  it  also  contains  small 
quantities  of  benzene  and  its  homologues,  but  these  substances  were  not  found  by 
Pelouze  and  Cahours. 

These  results  show  that  American  petroleum  consists  chiefly  of  homologues  of  marsh- 
gas,  and  those  which  have  been  isolated  present  the  following  characters : — 


Formula. 

Specific  gravity. 

Boiling  point. 

Vapour-density. 

Autiiority. 

0*H« 

gaseous 

' 

C»H« 

gaseous 

• 

Ronalds. 

C*H" 

0-600  at  0« 

0« 

4° 

2-110 

C»H'« 

0-628 

30«> 

2-638     T 

C«H»* 

0-669 

68° 

3060 

C'H»« 

0-699 

92® 

94° 

3-616 

C«H" 

0-726 

116<> 

118° 

4-009 

C»H« 

0-741 

136«> 

138° 

4-641 

Pelouze 

C'»fl« 

0-767 

160«» 

162° 

6040 

and 

C"H** 

0-766 

180° 

184° 

6-468 

Cahours. 

C'«H" 

0-776 

196«> 

200° 

6-972 

C"H" 

0-792 

316° 

218° 

6-669 

C"H» 

■           • 

236° 

240° 

7-019 

C"*H» 

■          • 

266° 

260° 

7-623 

American  petroleum  contains,  besides  these  substances,  other  oils  of  much  higher 
boiling  point  and  of  a  specific  gravity  as  high  as  0-870 ;  other  kinds  of  petroleum  also 
contain  oils  of  still  greater  density,  sometimes  considerably  above  0*900,  but  it  has  not 
yet  been  ascertained  whether  these  are  homologues  of  marsh  gas.  It  is  probable  also 
that  most  kinds  of  petroleum  contain  olefines  to  some  extent,  or  at  least  analogous  oils 
which  combine  with  concentrated  sulphuric  acid ;  but  in  most  instances  the  homologues 
of  marsh  gas  appear  to  constitute  the  chief  bulk  of  petroleum. 

The  similarity  existing  between  petroleum  and  the  oily  tar  obtained  by  destructive 
distillation  at  temperatures  below  &11  red  heat,  as  regards  the  chemical  nature  of  the 
substances  contained  in  these  products,  render  it  highly  probable  that  petroleum  has 
been  formed  by  the  decomposition  of  vegetal  and  animal  remains,  and  that  its  origin 
is  in  some  way  connected  with  the  formation  of  coal  and  other  bituminous  minerals 
firom  similar  materials ;  but  it  is  not  evident  what  may  have  been  the  precise  mode  in 
which  this  change  has  taken  place.  The  opinion  which  has  generally  been  entertained 
as  to  the  origin  of  petroleum,  is  that  it  has  been  formed  by  the  action  of  heat  upon 
coal  beds  situated  beneath  the  earth's  surface,  that  is  to  say,  by  a  process  of  carbonisa- 
tion or  destructive  distillation.  The  long  recognised  and  ob\ious  analogy  between 
the  various  kinds  of  petroleum  and  the  oily  products  resulting  from  the  action  of  heat 
upon  vegetal  and  animal  substances  has  hitherto  been  the  chief  ground  for  that  opinion, 
and  the  still  closer  resemblance  which  has  since  been  foimd  to  exist  between  certain  of 
these  materiah}  in  the  chemical  nature  of  their  constituents,  would  tend  to  increase  the 
probability  of  its  being  correct,  if  there  were  not  other  facts  which  throw  some  doubt 
upon  the  formation  of  petroleum  from  coal  by  an  actual  process  of  destructive  distilla- 
tion. Thus  for  instance  anthracite,  which  from  its  being  the  kind  of  coal  containing 
the  smallest  amount  of  bituminous  or  volatilisable  substance,  would  be  most  likely  to 
be  the  residue  of  such  a  process,  does  not  present  an^  indications  of  having  been 
exposed  to  such  a  temperature  as  is  requisite  for  volatilising  petroleum  or  for  expelling 
the  bituminous  substance  from  other  kinds  of  coal. 

Beichenbach  was  induced  to  consider  this  subject  from  its  connection  with  his  study 
of  the  general  phenomena  of  destructive  distillation.  The  petroleum  he  examined  did 
sot  contain  paraffin,  and  observing  some  other  differences  between  the  oily  tar  he 
obtained  by  carbonising  coal,  and  the  specimens  of  petroleum  he  had  examined,  he 
concluded  that  there  was  an  essential  difference  between  these  substances.  Referring 
also  to  the  fact  that  petroleum  had  never  been  met  with  where  coal  beds  were  subjected 
to  the  action  of  heat  by  underground  combustion,  he  was  led  to  doubt  whether  tnie  pe- 
troleum originated  in  this  way  from  the  decomposition  of  coaL  In  the  year  1833  he 
found  that  by  distilling  coal  with  water,  an  oily  liquid  was  obtainable,  to  the  extent  of 

*^^*  3vo!ooo^^  P***  °^  *^^  ^*'»  ▼hic^  '^^  clear,  transparent,  greenish-yellow,  of  specific 
gravity  0*836  and  boiled  at  167^,  thus  presenting  great  resemblance  in  these  respects 
Vol.  IV.  C  C 
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to  thn  p«tT«)lnum  of  Minno  nnd  of  Penia,  while  at  the  same  time  it  smelt  like  tmrpen- 
ii\w  till.  Arguing  ttKim  tho  asRumed  identity  of  petroleum  and  the  oil  thus  obtamed 
(hmt  f*t>Al.  witliout  il(HH>nu>oiiition  as  he  supposed,  together  with  the  equally  erroneous 
aM\impti(iu  of  an  fiuientiai  dissimilarity  between  petroleum  and  the  oily  tar  obtained  by 
<^arlHMUi«iim  o<hU,  ho  came  to  the  conclusion  that  the  commonly  received  opinion  as  to 
tho  uiigin  of  i^MriUeum  was  erroneous,  and  was  disposed  to  regard  it,  not  as  a  product 
of  tho  i\<HH>m|Hiitition  of  coal,  but  as  an  actual  constituent  of  ooal,  and  in  Uui^  as  being 
|^>)M«M;i*  th«>  tur)H^ntiue  oil  of  primieral  pine  forests.  Hence  he  inferred  that  coal 
(^)uUl  uot  haw  Nvn  ivxixtsed  to  a  temperature  at  all  approaching  that  requisite  for 
faHHUUMHtion^  but  that  tne  ivtmleum  it  contained  was  expelled  merely  by  the  action  of 
auoh  a  nuH)omt«  h<>at  as  mi^ht  prcTail  at  no  great  depth  bilow  the  snr&oe.  {Sckweiff. 
»/»•♦#•',  iv  W^A 

Tho  \U!^v^'x>nr  t)f  pamffin  and  enpione  in  the  petroleum  of  Bangoon  showed  that,  so 
fWr  a»  th«>«*i^  (Xvul4  t^  ri^^KaivitHi  as  being  exdusawl^  products  of  destractiTe  distfllarion, 
Ut^u'ht^tl^oir»  «>utohiMon  did  not  apply  to  all  nnds  of  petroleum.  Henee  Gregory 
and  KoU^U  ado)'t<Hi  the  opinion  that  petroleum  contmining  these  sabetaDees  was  at 
\tNi»t  a  \MNHbiot  of  dt'taruofi'n^  distillation. 

It  h««  aK>  Ihn^u  »)\A:$^wt«s.l  si>mewhat  raguely  that  petrc^eom  may  hare  been  Ibnned 
bv  the  ^^^)u^n>»tion  of  \^M^VA  «ilh  hrdTv^^^Hik  at  considtmble  depths  below  the  earth's 
MiriAxV  mulor  the  iurtneuce  of  Tv>K»anio  h«>At  and  greiat  prvssvre  i^Virlet,  Buiietim  de  la 
^\\  ,svy  IV.  5\V^  ;  Vertteuil  t>o\  li'  i.  SiV ;  Lecoo,  Lf9  E^hx  uim^^r* connderits 
«»\'x>v  ,.  «h«v;  .\Vt*«\v^r^  4»«n*  ^  (H;  xif  t:  U  («r«>'.yir,  144  <x  jvvA  It  is  possible  that  by 
iJw  i^v^s^u^w  vMf  *-*Ur  axvi  i,>AHy>r.,v>s>u*  s»l%!iTAr.vV*  Udier  cefTara  coodiiioas,  hydrocar- 
tvNnx  w xh:  K^  f,\Tr,>»Ni  Ai-h!  H e rt  h e  1  ot ' s sxriht  tio  pr\v:c.t:.'ii  of  i:ydi>?cirt«c«s  i  C>  mpt, 
•s-«  v;j  ^,V^  Tvr,x^r^  i?  ^\^.^K^V>  ihst  {vrrit-aa  Eij  in  sc=e  isstaacios  hare 
xvv.v.aTvnI  )«^  a  »«ni;Ur  mA;\»xr.  i^^turh  the  ps^fci^  £;&:;;rr  oif  sa^  Dudt^  of  fonutioii 
^  **sM  x>>i  ).Y>.^mtw  R  H.  p. 

^niMSI&SS  ^NT  .< A *.■>**    — Ovwtr^Kt  iarc^e  ffCrj^nir.  -ike  tb*  base  c€parph 
\\  ^>  A,v^.  •v^5«  v^v-A*^.  >ii\^-h  ::  ,-*,c  jy^*sL;«Wia  i^iii  rak^ie  l«ijc«  i2 

\N-    r:      >'^i.<;^r    .'•..  Vi  i"^.  X    Jkt.-?.   P:a!nt  ::i  nJ     xtt    If  — ^A  =^- -sml 

,  K»  •«  #>  »  -K  \  v^*-  ♦  jkivi  ,<"  ,'C*vT  ^"tr  S     •^■'•>.<c*  T-'  7"^  .X  *?»*  >'«i»"»f  *Tw»-miK  ':rrr»»-     it  •» 

^Kv-   %^.A^  »,*x\>f.  xw:6i^x»\'>i  a  ^e«clv^»  :n.:«cuir«  wntcs^-ci.  zi*  jvriirttOfcxzs  is 
♦"•.^N,     ,    t»>  **>.  1^   *■>""  %    ^vM"   i>5^  ,e  w-.  '^♦-   wT^r  ■'.oT*f'*fs>  arx.  1    r-i**  au  "vvr   t>»5- 

^       '^.    «,^*>-«-^   v  A^K    AM..     5s>>.n^  •'.'-»      -     .:-*«..•--      ^ 
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which  crystalSfles  from  boiling  alcohol  in  shining  rhomboi'dal  prisms  yeiy  soluble  in  al- 
cohol and  ether,  insoluble  in  water,  and  decomposed  bj  weak  acids  or  by  caustic  potanh 
into  nitropeucedanin  and  ammonia. 

Syn.  with  Terbbilbnb. 

lCOZiXTB*    a  variety  of  chabasite  from  Lei'pa  in  Bohemia  (L  844). 

EV.    An  albuminous  substance  constituting  the  inner  portion  of  the 
cxystalline  lens  of  the  eyes  of  fishes  (ii.  615). 

PSLHBOSBTXV.  C^'H^O'? — A  brown  resinous  substance  obtained  by  Schloss - 
berger  and  Bopping  (Ann.  Ch.  Pharm.  1.  207)  from  rhubarb-rcot.  To  prepare  it 
the  root  is  exhausted  with  alcohol  of  60 — 80  per  cent ;  the  e?aporated  extract  is  treated 
with  water  which  dissolves  only  part-  of  it ;  the  undissolved  portion,  after  being  com- 
pletely dried  over  the  water-bath,  is  dissolved  in  the  smallest  possible  quantity  of  ^cohol 
of  80  per  cent. ;  the  solution  is  precipitated  by  ether,  and  the  precipitate  again  treated 
with  alcohol  of  80  per  cent,  whereby  it  is  separated  into  insoluble  aporetin  (i.  352)  and 
a  solution  which  when  evaporated  leaves  phseoretin. 

Phseoretin  when  dried  and  pulverised  forms  a  yellowish-brown  powder,  having  no 
taste  of  rhubarb,  very  slightly  soluble  in  toater^  easily  in  alcohol  and  in  alkaliSf  from  which 
latter  solutions  it  is  precipitated  with  yellow  colour  by  most  mineral  acids ;  it  dissolves 
however  in  acetic  and  in  concentrated  ndphurie  acid.  Tts  compounds  with  the  alkalis 
have  a  deep  red-brown  colour.  When  heated  on  platinum-foil  it  melts,  giving  off 
yellow  vapours  having  a  faint  odour  of  rhubarb,  and  bums  away  without  leaving  a 
trace  of  ash.  The  solution  of  phaeoretin  in  ammonia  forms  with  acetate  of  lead  a  violet- 
led  precipitate  which  appears  to  decompose  during  washing. 

VaBOBZV  or  WMMOBXO  ACID.  A  constituent  of  the  pericarp  of  bay-berries 
(iii.  477). 

VKASMCACOCA&CZTB.    Syn.  with  Olivsnitb. 

VBAXaKACOXiZTB.  Native  calcic  arsenate,  occurring  sometimes  in  distinct  mono- 
clinic  prisms,  but  more  frequently  in  delicate  silky  fibres,  acicular  crystallisations  or 
stellate  groups ;  also  botiyoidal  and  stalactitic,  sometimes  massive.  Hardness  s 
2 — 2*5.  Specific  gravity  2*64 — 273.  It  has  a  vitreous  lustre,  white  or  greyish 
colour,  sometimes  tinged  with  red  from  admixture  of  arsenate  of  cobalt;  streak  white. 
Translucent  to  opaque.  Fracture  uneven.  Thin  Wminm  fiexible.  It  is  insoluble  in 
water,  but  easily  soluble  in  adds. 

Analyus, — a.  From  Wettichen  in  the  Black  Forest  (Klaproth,  BHtrage^  iii  277). 
•—6.  From  Andreasberg  in  the  Harz  (John.  Chem,  Uniers,  ii  221). — c.  Locality  un- 
known (Turner,  Pogff.  Ann.  v.  188). — d.  From  Glticksbrunn  in  tiie  Thiiringerwald 
(Bammelsberg,  ibtSllxii,  150). 

a.                     6.                     c»  d. 

Arsenic  anhydride                  .        50-54  45*68)  "q.m  5^^*^^ 

lime 2500  27-28  J  '^^'^  }  23*59 

Cobaltic  and  ferric  oxides      ...  .    .  .     .  1*43 

Water 24-46  23*86  20*99  23*40 


10000  96*82  10000  10000 

These  analyses  lead  to  the  formuk  2Cu''O.Ab^.6H'0  (calc.  5116  AsK)*.  24*87  CSa^O 
and  23*97  water),  or  2Cu"HAs0^5H>0.  The  cobalt  in  the  last  is  probably  due  to 
admixture  of  cobalt-bloom. 

Pharmacolite  is  also  found  at  St  Marie  aux  Mines  in  the  Vosges,  at  RiechelBdorf 
and  Bieber  in  Hessia,  and  at  Joachimsthal  in  Bohemia ;  it  occurs  in  association  with 
arsenical  ores  of  cobalt  and  silver. 

Picropharmaeolite  from  Biechelsdorf  containing  46*97  per  cent  AbK)*,  2465  lime, 
3*22  magnesia,  1*00  cobalt-oxide,  and  23*98  water,  is  probably  pharmacolite  having  the 
lime  partly  replaced  by  magnesia. 

Syn.  with  ChrsB-oitB  (iL  171). 

SeeBBAN(i  524). 

»B ASaOMLamiTB.    See  Inosttb  (iii.  274). 

]PBBABAVT.  In  the  egg-shell  of  Phasianus  eolehteus,  B.  Wicke  (Ann.  Ch. 
Pharm.  cxxv.  78)  found  93-33  per  cent,  carbonate  of  calcium,  0*66  phosphate  of  mag- 
nesium, 1*37  phosphates,  and  4*64  organic  matter. 

VBaVACira  or  VBBVAJUTS*  a  silicate  of  gludnum,  occurring  with  em- 
erald in  Perm,  llmen  Mountains,  and  with  quarts  at  Framont  in  Alsace,  in  rhombo- 
hedral  crystals  with  scalenohedral  and  prismatic  faces.    B  :  R  —  116^  40';  oR  :  R 

cc  2 
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a  142^  41' ;  length  of  principal  axis  =  0'66.  '  Cleavage  imperfect  parallel  to  B  and 
GoB2.  Twins  also  occur,  irith  face  of  composition  parallel  to  odB.  Hardness  =»  8. 
Specific  grayity  »  2-969.  The  crystals  are  transparent  to  opaque,  colourless,  or  of 
bright  wine-yellow  colour  inclining  to  red,  and  with  vitreous  lustre.  Fracture  similar 
to  that  of  quartz.  Infusible  per  se  before  the  blow-pipe ;  forms  colourless  glasses 
with  fluxes ;  melts  to  a  milk-white  bead  with  a  small  quantity  of  sodic  carbonate, 
forms  a  tumefied  infusible  mass  with  a  larger  quantity.  Not  attacked  by  acids.  A 
specimen  from  the  Umen  Mountains  was  found  by  Hartwall  (Pogg.  Ann.  xxxi.  57) 
to  contain  66*14  silica  and  44-47  glucina  (=  99*61 ;  a  specimen  from  Alsace  analysed 
byBischof  (ibid,  xxxiv.  626),  gave  54*40  silica,  45-57  gludna,  and  0*09  lime  and 

magnesia — results  agreeing  nearly  with  the  formula  2Be*0*.3SiO*  or  2G''O.SiO'  = 

G*SiO*  (see  Glucinum,  il  849),  which  requires  63*96  silica,  and  46-04  glucina. 

VKSSTAMBZirB.  A  name  given  to  aniline-violet  by  Scheurer-Kestner 
(Jahresb.  1860,  p.  728).  who  regaids.it  as  related  to  aniline  in  the  same  manner  as 
naphthameine  (oxynaphthylamine)  to  naphthylamine. 

PBaw AMY&Ol*.  Fhsnate  or  Phektiate  of  Ahtl.  (See  Phenol,  p.  391.) 

See  PHSirTL,  Htdbatb  of. 

Phskate  of  Ethyi.. 

Syn.  with  Muscovite. 
PBUVZC  ACTDm    See  Phenol. 


A  colouring  matter  produced  by  the  action  of  nitrosulphuric  acid 
(a  mixture  of  strong  nitric  and  sulphuric  acids)  on  phenylic  alcohol.  The  acid  is 
added  in  successive  portions  to  crystallised  phenylic  alcohol,  the  mixture  being  cooled 
after  each  addition,  as  long  as  red  vapours  continue  to  escape.  The  acid  liquor  is  then 
poured  into  a  large  quantity  of  water,  and  the  residting  precipitate  is  washed  with 
water  and  dried. 

Phenicine  is  a  brown  amorphous  powder,  sparingly  soluble  in  water,  easily  soluble 
in  alcohol,  ether  and  acetic  acid.  Alkalis  likewise  dissolve  it  easily,  imparting  a  fine 
violet-blue  colour,  which  however  is  changed  to  brown  by  the  least  excess  of  acid.  It 
dissolves  also  in  lime-water.  It  melts  and  turns  black  at  a  moderate  heat.  It  ifi  a 
mixture  of  two  colouring  matters,  one  yellow,  the  other  black,  both  of  which  however 
possess  the  same  tinctorial  properties. 

Phenicine,  like  the  aniline  colours,  dyes  silk  and  wool  without  the  intervention  of  a 
mordant.  A  piece  of  silk  or  wool  dyed  with  phenicine  acquires  a  fine  garnet-red 
colour  on  immersion  in  a  solution  of  chromate  of  potassium,  or  better,  of  chromate  of 
copper  acidulated  with  sidphuric  acid.  Nitrate  of  copper  produces  the  same  efifect  but 
with  less  intensity.  Cotton  mordanted  with  stannate  of  soda  or  with  tannin  easily 
absorbs  phenicine,  and  acquires  a  deep  purple  colour  on  subsequent  immersion  in  hot 
potassic  chromate;  but  the  colour  is  changed  to  blue  by  alkalis,  and  easily  destroyed 
by  soi^. 

Strong  nitric  acid  converts  phenicine  into  a  resinous  paste  which  dissolves  in  am- 
monia, forming  a  brown  solution  which  dyes  silk  and  wool  somewhat  like  archiL 
(E.  Dolfus,  Bull.  Soc.  Chim.  1865,  i.  226.) 


.  C*H*0*. — ^An  acid  isomeric  with  collinic  acid  (L  1083),  pro- 
duced by  heating  a  solution  of  benzene  in  a  slight  excess  of  fuming  sulphuric  acid  to  100°, 
then  diluting  with  water,  and  gradually  adding  small  pieces  of  acid  potassic  chromate. 
The  distillate  contains  phenoic  acid,  partly  dissolved,  partly  floating  as  an  oil,  and  in 
crystals.  It  is  distinguished  from  collinic  acid  by  its  greater  solubility  in  hot  water. 
Its  silver-salt  contains  C^H'AgO^     (Church,  Chem.  Soc.  J.  xiv.  62.) 

An  acid  of  the  same  composition  and  doubtless  identical  with  the  preceding  is 
obtained  by  distilling  coal-tar  (containing  toluene,  xylene  and  pseudocumene)  with 
dilute  nitric  acid.  This  acid  melt*  at  about  60°,  but  occasionally  remains  liquid  at 
ordinary  temperatures,  especially  when  not  quite  pure.  It  has  an  acrid  taste,  is  heavier 
than  water,  mixes  in  all  proportions  with  alcohol,  is  only  slightly  soluble  in  cold  wator, 
more  soluble  in  boiling  water.  From  a  saturated  hot  solution  it  separates  while  cooling 
as  a  heavy  oil  which  sometimes  solidifies  immediately.  It  is  slightly  volatile,  covering 
itself  with  beautiful  crystallisations  even  at  ordinary  temperatures.  When  boiled  with 
water,  it  volatilises  to  a  considerable  extent.  It  can  be  distilled  »er  se  without  decom- 
position, and  forms  well  crystallised  salts  with  the  alkalis.  (D  e  La  Bu  e  and  M  ii  11  e  r 
Chem.  Soc  J.  xiv.  64.)  ' 

Nitrophenoic  acid,  C«H«(NO«)0«  is  produced  by  oxidising  nitrobenzene  with  sulphuric 
acid  and  potassic  chromate.  It  crystallises  in  nacreous  laminae,  has  a  strong  acid  reaction 
melts  without  decomposition,  dissolves  in  boiling  water,  and  fields  crystallisable  ealtsl 
(Church.) 
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TOXn    CTEt«0  -  ^^*  1 0.    HydraU  of  Phenyl    Phenylic  alcohol.    Phenie 

acid.  Carbolic  acid.  Coal-tar  creosote.  (Bunge,  Pogg.  Ann.  xxxi.  69;  xzziL  308. — 
Laurent,  Ann.  Ch.  Phys.  [3]  iii  195. — Williamson  andScrncham,  Chem.  Soc.  J. 
vii.  232). — ^This  compound  is  contained  in  considerable  quantity  m  coal-tar  (Runge, 
Laurent),  and  is  produced  by  the  diy  distillation  of  salicylic  acid,  either  alone  or  in 
contact  with  caustic  lime  or  baryta  (Gerhard t,  Bev.  scient.  x.  210) : 

C^H«0»       -       CKK)     +     C0«. 

It  is  also  formed  in  the  dry  distillation  of  gum-benzoin  (K  Kopp),  of  the  resin  of 
Xanthorrhaa  hastilis,  of  quinic  acid  (Wo hie r),  of  chromate  of  pelosine  (Bodeker, 
p.  372),  and  is  found  in  small  quimtity  among  the  products  obtained  by  passing  the 
vapour  of  alcohol  or  acetic  acid  through  a  red-hot  tube  (Berthelot).  It  is  to  phenol 
that  castoreum  owes  its  peculiar  odour  (Wohler).  The  urine  of  the  cow,  of  the  horsei 
and  of  man  contain  sensible  quantities  of  phenol  ^Stadeler,  Ann.  Ch.  Pharm.  Ixvii. 
360  ;  IzxTii.  17).  Commercial  creosote  often  consists  almost  entirely  of  phenol,  but  the 
true  creosote,  obtained  by  the  distillation  of  wood,  is  a  totally  different  substance  (ii.  103). 

Preparation,  1.  From  Coal-tar. — The  tar  is  distilled  tUl  anthracene  begins  to  pass 
over;  the  resulting  oil  is  rectified,  collecting  apart  the  portion  which  distils  over 
between  150^  and  200^ ;  this  portion  is  mixed  with  saturated  potajsh-ley  and  pulverised 
hydrate  of  potassium,  whereby  it  is  immediately  converted  into  a  white  crystaUine  magma ; 
this  substance  is  dissolved  in  hot  water ;  the  oil  which  rises  to  the  surface  is  removed ; 
the  lower  alkaline  liquid  is  neutralised  with  hydrochloric  acid  ;  the  impure  hydrate  of 
phenyl,  which  rises  to  the  surface  as  an  oil,  is  washed  with  a  little  water,  digested  over 
chloride  of  calcium,  rectified  several  times,  and  gradually  cooled  to  —10^  in  a  closed 
vessel;  and  the  resulting  crystals  of  pure  phenol  are  freed  from  the  remaining 
fluid  portion  by  inverting  the  bottle  over  another,  care  being  taken  to  exclude 
the  air,  which  might  give  up  water  to  the  crystals  (Laurent).  The  tedious 
fractional  distillations  evolved  in  this  process  may  be  considerably  abridged  by  intro- 
ducing into  the  portions  which  boil  between  186^  and  188°,  a  few  crystals  of  pure 
phenol ;  a  large  portion  of  the  liquid  then  solidifies  after  a  while  in  colourless 
needles,  which,  when  separated  from  the  liquid,  distil  at  184°  and  yield  a  sublimate  of 
pure  phenoL    (Williamson  and  Scrugham.) 

Gladstone  (Chem.  News,  ii.  98)  recommends  placing  good  commercial  carbolic  acid 
for  some  days  in  contact  with  a  lump  of  chloride  of  calcium  and  then  leaving  the  phenol 
to  crystallise  out  in  a  f^reezing  mixture.  He  is  of  opinion  that  the  cresol  or  cresylic 
alcohol  likewise  present  in  crude  carbolic  add  is  converted  into  phenol  by  contact  with 
chloride  of  calcium  or  chloride  of  zinc. 

2.  From  Salicylic  acid. — Crystallised  salicylic  acid  is  strongly  and  quickly  heated  in 
a  glass  retort  either  alone  or  mixed  with  pounded  glass  or  quicklime.  Phenol  then 
passes  into  the  receiver  and  crystallises  on  cooling  almost  to  the  last  drop.  The  phenol 
thus  obt^iined  appears  however  to  differ  in  some  of  its  properties  from  that  obtained 
from  coal-tar,  inasmuch  as  it  crystallises  more  readily  and  reacts  somewhat  differently 
with  pentachloride  of  phosphorus  (p.  390). 

Properties. — Phenol  crystallises  at  ordinary  temperatures  in  long  colourless  needles 
apparently  belonging  to  the  trimetric  system,  and  having  a  specific  gravity  of  1'065  at 
18^  (Laurent),  10627  (Scrugham).  It  meltsat  34°— 36'^,  andboilsat  187°— 188° 
(Laurent);  184°  (Scrugham).  The  crystals  of  phenol  obtained  from  coal-tar 
deliquesce  easily  to  an  oil  bv  taking  up  a  mere  trace  of  water  (Laurent);  a  lump  of 
chloride  of  calcium  causes  the  oil  to  solidify  immediately  (Gerhardt).  Phenol  pro- 
duced by  decomposition  of  salicylic  acid  is  much  less  deliquescent  than  that  obtained 
from  coal-tar  (Watts).  Phenol  does  not  redden  litmus.  It  smells  like  wood-tar 
crosote,  and  attacks  the  skin  like  that  substance.  Its  aqueous  solution  coagulates 
albumen ;  it  unites  with  certain  animal  substances  and  preserves  them  from  decompo- 
sition, even  removing  the  fetid  odour  from  meat  and  other  substances  already  in  a  state 
of  decomposition.  Fish  and  leeches  die  when  immersed  in  the  aqueous  solution,  and 
their  bodies  subsequently  dry  up  on  exposure  to  the  air,  without  putrefying. 

Phenol  is  but  sparingly  soluble  in  water,  but  dissolves  in  all  proportions  in  alcohol, 
ether  and  strong  acetic  acid.  When  shaken  up  with  ^  pt.  of  water  and  exposed  to  a 
temperature  of  4°,  it  takes  up  water  and  forms  a  hydrate  2C*H*0.H'0,  which 
crystallises  readily  in  large  six-sided  prisms  belonging  to  the  trimetric  system,  and 
melting  at  16°.     (Calvert,  Chem.  Soc  J.  xviii.  66.) 

Phenol  may  be  distilled  without  alteration  over  melted  phosphoric  acid,  also  over 
caustic  potash,  baryta,  or  lime. 

DecompositioTut. — 1.  Phenol  passed  through  a  red-hot  tube  undergoes  Terr  little  de» 
composition,  vielding  however  a  small  quantity  of  naphthalene  (Hofmann). — 
2.  Stiong  Bulphurie  acid  dissolves  it  with  great  rise  of  temperature,  but  without  colora- 
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tionjfonnmgpliexiyl-gulpliaric  acid.  It  rfducea mercuric  oxide aifht^haUBghett, 
separates  metallic  silver  from  the  nitrate,  and  reduces  peroxide  of  lead  to  protoxide. 
Heated  with  arsenic  add,  it  forms  a  yellow  substance  called  xanthophenic  acid. 
(F.  Fol,  IWp.  Chim.  app.  iv.  179.) 

3.  Strong  nitric  add  attacks  phenol  with  great  Tiolence,  each  drop  as  it  comes  in 
contact  with  the  phenol,  hissing  like  red-hot  iron  plunged  into  water:  the  product  formed 
at  the  boiling  heat  is  trinitrophenic  or  picric  acid,  C«H"fNO')K)  ;  alesseneigetic 
reaction  produces  mono-  or  di-nitrophenic  acid  (p.  393). 

6.  Chlorine  and  bromine  likewise  act  upon  phenol,  forming  substitution-products 
possessing  add  characters  (pp.  391,  392). 

6.  When  chlorine  is  passed  into  phenol  which  is  kept  cool;  and  the  product  treated 
with  three  times  its  weight  of  strong  nitric  acid,  dinitrochlorophenic  acid, 
C«H«C1(N0»)«0,  is  produced.     (Gri e s s,  Ann.  Ch.  Pharm.  cix.  286.) 

7.  Phenol  is  scarcely,  if  at  all,  attacked  by  iodine^  but  with  chloride  of  iodine  it  forms 
mono-  and  di-iodophenic  acids.  (Schutzenberger  and  Sengen wald,  CompL 
rend.  liv.  197). 

8.  Chloride  of  thionyl,  SOCl*,  acts  strongly  on  phenol  dissolyed  in  ether,  eliminating 
considerable  quantities  of  hydrochloric  and  sulphurous  adds,  but  does  not  appear  to 
form  any  phenylic  sulphate. 

9.  A  mixture  of  hydrochloric  acid  and  potassic  chlorate  converts  phenol,  first  into 
trichlorophenic  acid,  and  subsequently  into  perchloroquinone  or  chloranil, 
C*C1*0*.    (See  Qxtinonb,  Db&iyatiybs  or.) 

10.  Pentachloride  of  phosphorus  converts  phenol  into  chloride  and  phosphate 
of  phenyl  With  phenol  m>m  coal-tar  the  products  are  chloride  of  phenyl  and  tri- 
phenylic  phosphate  (Williamson  and  Scrugham),  perhaps  thus : 

6(C«H».H.O)  +   2PC1»     -     2C«H»a  +  P(C«H»)»0«  +  PC1«0   +   6HC1; 

but  ?rith  phenol  from  salicylic  add,  an  add  phosphate  is  obtained,  which  forms  salt* 
with  metallic  bases,  and  probably  consists  of  dipnenylic  phosphate : 

6(C«H».H.O)  +  2Pa»     -     3C^H?1  +  P(C«H»)«HO*   +    PC1«0  +   4HC1. 

This  add  phosphatecrvstallises  much  more  easily  than  the  neutral  triphenylic  phosphato 
(H.  Watts,  unpublished  experiments).    See  Phosphohic  Ethkbs. 

11.  With  c/uoride  of  benzoyl,  phenol  forms  phenylic  benzoate,  C'H*(CH*)0' 
(L  663). 

12.  Cyanic  acid  vapour  passed  into  perfectly  dry  phenol  converts  it  into  alio- 
phanateof  phenyX  C*H"^OH»)N«0»,  which  crystallises  from  hot  alcohol  in 
slender,  unctuous,  tasteless,  inoaorous  czystals,  insoluble  in  cold  water,  resolved  at  150° 
into  phenol  and  cyanuiic  acid,  and  converted  bj  alcoholic  potash  into  allophanate  of  potas- 
sium, by  baiTta-water  into  allophanate  of  barium.    (Tut tie,  Jahresb.  1857,  p-  451.) 

13.  Phenol  does  not  dissolve  in  aqueous  ammonia,  but  it  absorbs  ammonia  gas,  and  the 
solution  when  heated  in  a  sealed  tube  is  partly  converted  into  water  and  aniline: 

C»H«0  +  NH»    =     H«0  +  C«H^. 
^  14.  Phenol  is  attacked  "by  potassium  or  sodium,  slowly  at  first,  more  quickly  when 
aided  by  a  gentle  heat,  hydrogen  being  evolved,  and  phenate  of  potassium  or 
sodium  produced.     (Laurent^ 

15.  When  carbonic  anhydride  is  passed  into  pure  phenol  gently  warmed,  and  sodium 
is  added  by  small  portions,  hydrogen  is  evolved  and  salicylate  of  sodium  ia 
formed.  The  reaction  is  the  converse  of  that  by  which  phenol  is  produced  from 
salicylic  add.    (Kolbe  and  Lautemann,  Jahresb.  1859,  p.  309;  1860,  p.  291.) 

P  HE  NATE  8. — 1.  Metallic. — Phenol  unites  with  the  stronger  bases,  but  the  com- 
pounds are  very  unstable  and  difficult  to  obtain  in  definite  form.  Indeed  phenol  ha% 
in  properties  ws  well  as  in  composition,  the  character  of  an  alcohol  rather  Uian  that  of 
an  acid.  It  dissolves  in  caustic  potash,  but  the  quantity  dissolved  does  not  increase  in 
proportion  to  the  quantity  of  potash  present  (Calvert,  Chem.  Soc  J.  xviii.  68) ;  it 
also  dissolves  carbonate  of  potassium,  but  without  expelling  carbonic  add.  Phenol 
does  not  unite  with  the  add  sulphites  of  the  alkali-metals,  and  therefore  does  not 
behave  like  an  aldehyde,  in  which  character  GmeUn  is  inclined  to  regard  it  (Handbook^ 
xi.  146). 

Phenate  of  potassium  is  produced,  as  already  observed,  by  heating  phenol  with 
potassium ;  also  by  direct  combination  of  solid  potash  with  phenol.  The  oily  liquid 
formed  in  either  case  deposits  the  potassium-salt  on  cooling  in  white  needles  very 
soluble  in  alcohol,  ether,  and  water,  and  decomposed  by  mineral  acids  with  separation 
of  phenol.     (Laurent.) 

PhenaU  of  barium,  C"H"Ba''0«.3H«0,  is  obtained  by  boUing  phenol  with  baiyta- 
water  and  evaporating  in  vacuo,  as  a  crystalline  crust  containing  42*48  per  cent  baryta 

Phenate  of  lead,  obtained  by  boiling  phenol  with  litharge  and  adding  a  few  draj^  of 
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alcohol  to  the  product,  is  a  white  mass  containing;  according  to  Calvert,  C*^"0*.2Pb''0 
or  C«H»«Pb"0«.Pb"HW.  It  is  slightly  soluble  in  hot  alcohol,  and  separates  on 
cooling.  With  basic  acetate  of  lead,  phenol  forms  precipitates  of  uncertain  composition. 
(Calvert) 

2.  Alcoholic  Phenates.  Phenio  Ethers. — a.  Methylic  Phenate  ox  Anisol  has 
been  already  described  under  the  latter  name,  together  with  its  bromo-  and  nitrO' 
derivatives,  and  the  bases  formed  by  the  action  of  reducing  agents  on  the  .latter 
(i  304—306). 

iS.  Ethylic  Phmate,  Phenetol  or  Salithol,  C^'«0  «  C^»(C«H»)0  (C  ah  ours,  Ann. 
Ch.  Phys.  [3]  xxviL  463.— Baly,  Ann.  Ch.  Pharm.  bmii.  208).— This  compound  is 
obtained  by  the  dry  distillation  of  perfectljr  anhydrous  ethyl-salicylate  of  banum,  the 
oily  distillate  being  purified  by  washing  with  warm  alkaline  ley,  digesting  with  fused 
chloride  of  calcium,  and  rectification.  It  is  a  colourless,  mobile  hquid,  lighter  than 
water,  having  an  agreeable  aromatic  odour,  insoluble  in  water,  very  soluble  in  alcohol 
and  ether,  boiling  at  172^.  It  is  not  altered  by  potash.  Sulphuric  acid  converts  it 
into  a  sulpho-acid  forming  a  soluble  barium-salt.  With  chlorine  and  bromine  it  forms 
crystallisable  products.  It  is  strongly  attacked  by  fuming  nitric  acidj  the  products 
varying  in  composition  according  to  the  proportions  used ;  with  a  small  quantity  of  the 
acid  a  reddish-brown  oil  is  obtained,  probably  consisting  of  mono nitrop bene tol; 
but  on  boiling  ethylic  phenate  with  an  excess  of  the  fuming  acid,  dinitrophenetol, 
C*H'(NO*)»0,  is  obtained  (see  page        ). 

y.  Amylic  Phenate  or  Phenamylol,  C"H"0  =  C«H«(C*BP*)0  (Cahours,  Compt 
rend,  zzxii.  61).  Obtained  b^  heating  amylic  iodide  with  potassic  phenate  to  100^ — 
120°  in  a  sealed  tube.  It  is  a  limpid  colourless  oil,  lighter  than  water,  having  a 
pleasant  aromatic  odour,  and  boiling  between  224°  and  225°.  It  is  attacked  with  great 
violence  by  fuming  nitric  acid,  forming  a  heavy  oil,  which,  when  treated  with  alcoholic 
sulphide  of  ammonium,  yields  a  crystallised  base  (amyl-nitrophenidine,  or  nitro-phen- 
amylidine)  capable  of  forming  crystallisable  salts.  Phenamylol  dissolves  in  sulpnuric 
acid,  forming  a  red  liquid,  which  gives  no  precipitate  with  water,  but  forma  a  crystal- 
Usable  barium-salt. 


roXi,  DSRZVATl  V  JW  OV.  One,  two,  or  three  of  the  hydrogen- 
atoms  in  phenol  may  be  replaced  by  bromine,  chlorine,  iodine,  or  nitryl,  forming 
compoimds  which  have  more  and  more  of  an  add  character  as  the  substitution  is  more 
complete. 

1.  Bromophenol  or  JBromophenic  Acids, 

atonolMNiiiMiplieiilo  aetO.  C'H*BrO.  Bromophenasic  acid  (Cahours,  Ann.  Ch. 
Phys.  [3]  xii.  102). — Obtained,  as  a  colourless  oil,  by  distilling  bromosalicylic  acid 
with  a  mixture  of  sand  and  carbonate  of  barium. 

IMInromoplieiilo  add.  CH^Bi'O.  Bromophenesic  acid, — Obtained  in  like 
manner  iix>m  dibromoealicylic  acid,  as  an  oil  which  crystallises  on  cooling.  (Cahours, 
loo,  cit.) 

TMbromoplfteiilo  aeld*  CH'Br'O.  Bromophenuio  or  Bromindoptic  acid^ 
(Laurent,  Ann.  Ch.  Phys.  [3]  iii.  211. — Erdmann,  J.  pr.  Chem.  xxii.  272. — 
Cahours,  he.  cit.). — Phenol  immersed  in  excess  of  bromine  becomes  strongly  heated, 
gives  ofi"  hydrobromic  acid,  and  solidifies  qp.  cooling  to  a  brown  mass,  which  must  be 
boiled  with  water  and  ammonia;  the  solution  subsequently  filtered  from  a  small 
quantity  of  brown  matter,  and  decomposed  by  hydrochloric  acid;  and  the  thick  pre- 
cipitate of  tribromophenic  acid  washed  on  a  filter  (Laurent). — 2.  Tribromosalicylie 
acid,  distilled  two  or  three  times  with  fine  sand  and  a  small  quantity  of  baryta,  also 
yields  tribromophenic  acid  (Cahours). — 3.  When  indigo  is  decomposed  by  bromine- 
water  and  the  product  subsequently  distilled  with  potash,  bromaniline  passes  over,  and 
tribromophenic  acid  remains  behind.    (Erdmann.) 

Tribromophenic  acid  ciTStallises  by  Aision  or  sublimation,  or  from  solution,  in  deli- 
cate white  needles,  or  rignt  rhombic  prisms,  having  the  acute  lateral  edges  tmncated. 
Angle  ooP  :  a)P=al28°;  ooP  :  oof  oo«116°.  It  is  fusible,  crystallises  on  cooling,  and 
may  be  distilled  without  decomposition ;  smells  like  trichlorophenic  acid.  It  is  some- 
what less  soluble  in  alcohol  than  the  latter.  When  boiled  witn  nitric  acid,  it  forms  at 
first  a  reddish  resin,  which  gradually  diaappears,  and  on  evaporation,  aystals  of  picric 
acid  are  obtained. 

The  tribromophenates,  when  heated  to  redness,  generally  leave  a  metallie 
bromide,  and  give  off  tribromophenic  add  (?), 

The  ammonium-salt  crystallises  in  needles.  Its  solution  forms  with  concentrated 
chloride  of  barium  or  chloride  of  strontivmf  a  predpitate  composed  of  needles ;  with 
neutral  acetate  of  lead,  a  white  predpitate;  with  cupric  aoetatef  a  red-brown  predpi- 
tate, soluble  in  alcohol ;  and  with  nitrate  of  silver,  an  orange-yellow  predpitate. 

Substance  isomeric  tmth  tribromophenic  acid, — ^A  concentrated  aqueous  solution  of 
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salicylate  of  potassium,  mixed  inth  a  small  quantity  of  potash,  and  then  with  a  large 
quantity  of  bromine,  becomes  heated  and  decolorised,  gives  off  carbonic  anhydride,  and 
soon  deposits  a  kermes-brown  substance,  which  is  insoluble  in  water,  ammonia,  cold 
potash,  and  alcohol,  but  dissolves  with  extreme  facility  in  ether;  it  contains,  after 
washing  and  drying,  22*19  per  cent.  C,  71*8  Br,  and  0*88  H;  and,  when  heated,  gives 
off  white  vapours,  which  condense  into  delicate  white  needles  of  tribromophenic  acid. 
(Cahours^  Ann.  Chim.  Phys.  [3]  xiii.  43.) 

2.  Chiorophcnols  or  Chlorophenie  Acids. 

Biobloroptaenlo  aoldi  CH^CPO.  JHchlorocarholic  acid.  Chhrophcnesic  acid, 
(Laurent,  Ann.  Ch.  Phys.  [2]  Ixiii.  27  ;  [3]  iii.  210.)— This  acid  is  produced:  1.  By 
the  comparatively  feeble  action  of  chlorine  on  phenoL — 2.  By  distilling  dichlorosalicylic 
acid  with  fine  sand  and  a  small  quantity  of  lime  or  baryta.  It  may  be  prepared 
from  the  impure  phenol  which  passes  over  between  170°  and  200°  in  the  rectification 
of  coal-tar  naphtha.  For  this  purpose  chlorine  is  passed  through  the  yellowish  oily 
distillate  for  a  day,  and  the  liquid,  cooled  to  — 10°,  is  strained  through  linen  to  separate 
the  naphthalene  which  has  crystallised  out :  chlorine  is  then  again  passed  for  two  days 
through  the  liquid,  which  is  then  cooled  to  0°  decanted  from  crystallised  hydrochlorate 
of  dichloronaphthalene,  and  distilled  (whereupon  it  froths  up  considerably,  giving  off  a 
large  quantity  of  chlorine,  and  afterwards  hydrochloric  acid)  till  the  thick  black  residue 
exhibits  considerable  intumescence  (tetrachloronaphthalene  then  subliming  in  needles) ; 
the  distillate  is  shaken  up  in  a  bottle  with  oil  of  vitriol  as  long  as  hydrochloric  acid 
continues  to  escape ;  the  rose-coloured  oil  of  vitriol  (which  deposits  a  stinking  substance 
when  neutralised),  is  removed  by  a  syphon ;  the  remaining  oil  is  washed  with  a  large 
quantity  of  water,  and  mixed  in  the  flask  with  ammonia,  with  which  it  solidifies  com- 
pletely into  a  white  mass,  with  slight  rise  of  temperature ;  this  mass  is  boiled  with 
water ;  the  solution  decanted  hot  from  a  brown  oil,  which  is  again  to  be  treated  with 
ammonia,  and  then  with  hot  water  to  remove  the  acids  completely ;  the  hot  filtered 
aqueous  solutions,  containing  di-  and  trichlorophenate  of  ammonium,  are  mixed  by  drops 
with  dilute  nitric  acid  till  a  slight  turbidity  is  produced ;  the  liquid  is  filtered  from  the 
red-brown  precipitate ;  the  filtrate  precipitated  with  a  slight  excess  of  nitric  acid ;  the 
white  precipitate,  which  is  gelatinous  at  firsts  but  atterwards  curdy,  and  consists  of  fine 
needles,  collected  on  a  filter,  and  distilled  after  washing,  pressing,  and  drying;  and  the 
distillate  boiled  with  a  slight  excess  of  aqueous  carbonate  of  sodium,  which  leaves  behind 
the  oily  dichloropheuic  acid,  while  the  crystalline  trichlorophenic  acid  is  precipitated 
from  the  filtrate  by  nitric  acid,  and  purified  by  distillation.     (Laurent.) 

Dichloropheuic  acid  is  an  oil  which  volatilises  without  residue,  has  a  peculiar  odour, 
is  insoluble  in  water^  but  dissolves  very  easily  in  alcohol  and  ether.  With  aqueous 
ammonia  it  immediately  solidifies  into  a  crystalline  maas,  which,  however,  on  ex- 
posure to  the  air,  gives  off  ammonia  and  becomes  oily,  but  solidifies  when  again  treated 
with  ammonia.    The  solid  salt  is  soluble  in  water. 

Trloliloroplieiilo  add.  C*H'C1*0.  IVicJdorocarholiCy  Chlorophenisic  or  Chio- 
rindoptic  acid,  (Laurent,  Ann.  Ch.  Phys.  [2]  Ixiii.  27 ;  [3]  iii.  497.) — This  acid  is 
formed  by  the  action  of  chlorine  on  phenol  or  dichloropheuic  acid ;  of  chlorine  in 
presence  of  water,  on  indigo,  aniline,  and  saligenin ;  and  of  a  mixture  of  hydrochloric 
acid  and  potassic  chlorate,  continued  for  a  short  time  only,  on  phenol. 

It  may  be  prepared :  1.  From  coal-tar  naphtha,  either  by  the  method  just  described 
with  reference  to  dichloropheuic  acid,  or  better,  by  repeatedly  distilling  the  commercial 
oil  obtained  from  coal-tar,  collecting  apart  the  p(»!tion  which  boils  between  170°  and 
190° ;  separating  it  out  from  the  naphthalene  which  crystallises  out  in  the  cold ; 
passing  chlorine  gas  through  it  for  a  day  or  two  according  to  the  quantity ;  distilling  it 
till  nothing  but  a  carbonaceous  residue  is  left  (whereupon  hydrochloric  acid  is  given  off  and 
a  very  offensive  odour  emitted),  the  receiver  being  changed  at  certain  stages  of  the  pro> 
cess,  and  the  first  and  last  portions  of  the  distillate  set  aside ;  passing  chlorine  through 
the  middle  distillate  till  it  solidifies  into  a  crystalline  paste ;  purifying  this  mass  from 
adhering  oil  by  spreading  it  on  paper  and  pressing  it ;  dissolving  the  crystalline  mass — 
which,  besides  the  trichlorophenic  acid,  likewise  contains  a  little  oil  and  crystalline 
ehloralbin  (C^CPH*) — in  boiling  water  containing  ammonia;  filtering;  dissolving  in 
water  the  trichlorophenate  of  ammonium  which  has  crystallised  out  on  cooling ;  mixing 
the  solution  with  hydrochloric  acid  to  precipitate  the  trichlorophenic  acid ;  and  puri- 
fying this  product  by  washing,  drying,  and  distillation.    (Laurent.) 

2.  From  Saligenin. — When  chlorine  gas  is  passed  through  an  aqueous  solution  of 
saliecenin,  the  bottle  being  frequently  closed  and  shaken,  the  liquid  immediately  becomes 
turbid,  then  deposits  a  yellow,  afterwards  reddish,  and  finally  orange-yeUow  ciystallinft 
resin,  and  a  white,  bulky,  crystalline  precipitate.  To  free  the  entire  precipitate  from 
a  closely  adhering  reddish  oil,  it  is  distilled  three  or  four  times  with  oil  of  vitriol,  which 
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earboniseB  the  oU,  with  evolution  of  salphuroua  and  hydiochlorie  adds,  and  ultimately 
pure  triohlorophenic  acid  distils  over.     (Piria.) 

From  Indigo. — ^When  chlorine-gtis  is  passed  through  water  in  which  indigo  is 
suspended,  and  the  yellowish-red  magma  is  distilled,  with  cohobation  of  the  watery 
distillate,  a  crystalline  sublimate  is  obtained,  consisting  of  trichloraniline  and  tri- 
chlorophenic  acid;  and  when  this  mixture  is  distilled  with  potash,  the  trichlora- 
niline passes  over,  while  crystallised  trichlorophenate  of  potassium  remains  behind, 
mixed  with  free  potash.  This  residue  is  pressed,  exposed  to  the  carbonic  acid  in  the 
air,  dissolved  in  the  smallest  possible  quantity  of  boiling  alcohol,  and  left  to  ci^'^rtallise 
after  filtration ;  and  from  the  aqueous  solution  of  the  capillary  ciystals  thus  obtained, 
the  trichlorophenic  add  is  precipitated  by  adds.    (Erdmann.) 

Trichlorophenic  add  crystallises  from  solution — best  from  rock-oil— or  by  sublima- 
tion, in  Teiy  slender  ^Iky  needles  or  in  right  rhombic  prisms,  generally  exhibiting  the 
combination  ooP  .  ooPoo  .  oP  .  Angle  ooP  :  ooP  «  110°;  ooP :  ooI>oo  «  146**. 
It  melts  at  44**  (Laurent);  58^  (Piria),  and  solidifies  on  cooling  to  a  radiated  mass  of 
needles.  It  boils  at  250^  and  distils  without  alteration.  It  has  a  yery  penetrating  and 
persistent  odour,  and  is  easily  set  on  fire,  burning  with  a  green-edged  smoky  flame  and 
emitting  hydrochloric  acid  vapours.  It  is  insoluble  or  nearly  so  in  water,  but  dissolves 
in  all  proportions  in  alcohol  and  ether  ;  it  dissolves  also  in  oils,  both  fat  and  volatile ; 
easily  also  in  warm  fuming  sttlphuric  acid,  with  which  it  solidifies  to  a  mass  of  needles 
on  cooling.  Boiling  nitric  acta  converts  it  into  a  reddish  substance  (called  cMorophenyl 
by  Laurent  and  containing  37*8  per  cent.  C,  1*92  H,  and  54*3  CI),  which  becomes 
crystalline  by  prolonged  ebullition.  Trichlorophenic  acid  heated  with  chlorate  of 
potassium  and  hydrochloric  acid  is  converted  into  perchloroquinone  or  chloranil : 

O»H«Cl«0     +     CI*     +     O       =       C«C1*0     +     3Ha. 

The  trichlorophenates  give  off  trichlorophenic  acid  by  dry  distillation,  leaving 
a  metallic  chloride  and  charcoal.  They  bum  with  a  smoky  green-edged  fiame.  Nitrie 
acid  added  to  these  solutions,  throws  down  the  trichlorophenic  add  in  the  form  of  a 
bulky  mass.    (Laurent.) 

Ammonium-salt. — ^The  solution  of  the  add  in  aqueous  ammonia,  yields  needles  which 
have  a  slight  alkaline  reaction,  and  sublime  completely  when  exposed  to  the  heat  of  the 
sun,  but  by  dry  distillation  in  a  retort,  are  partially  resolved  into  nitrogen,  ammonia, 
trichlorophenic  add,  dichlorophenic  acid,  and  sal-ammoniac  The  salt  dissolves  very 
sparingly  in  cold,  very  easily  in  hot  water,  or  in  water  containing  alcohol  (Laurent). 
The  potassium  and  sodium-salts  form  very  slender  needles. 

The  barium-salt  is  obtained  as  a  white  gelatinous  predpitate  on  mixing  a  concen- 
trated solution  of  the  ammonium-salt  with  chloride  of  barium.  Dilute  solutions  yield 
no  precipitate,  but  if  both  solutions  are  boiling  and  concentrated,  the  trichlorophenate 
of  barium  separates  in  long  needles. 

The  ammonium-salt  throws  down  from  concentrated  (not  from  dilute)  solutions  of 
chloride  of  calcium,  and  likewise  of  alum,  a  white  jelly ;  it  precipitates  neutral  acetate 
of  lead  and  ferrous-salts,  white ;  ferric  salts,  reddish ;  cobalt-salts,  reddish ;  nickel- 
salts,  greenish  ;  cupric  salts,  brown-red  (dark  purple  violet,  according  to  Erdmann  and 
Hofinann),  the  predpitate  dissolving  with  brown  colour  in  hot  alcohol,  and  crystallising 
on  cooling  in  brown,  shining,  oblique  rectangular  prisms;  mercurous  nitrate,  white, 
according  to  Erdmann ;  mercuric  chloride,  yellowish-white,  curdy ;  and  nitrate  of 
silver,  lemon-yellowish.  The  silver-salt  thus  obtained  has  the  composition  C*H*AgCl*0, 
(Laurent.) 

PentaoliloroplieDic  acid.  C'HCIH).  Perchlorophenic,  Perchlorocarbolic,  Chloro' 
phenusic  OT  Chlorinated  Chlorindoptic  add.  (Erdmann,  J.  pr.  Chem.  xxii.  272. — 
Laurent,  Ann.  Ch.  Phys.  [3]  iii.  497.) — Produced  by  the  action  of  chlorine  on  an 
alcoholic  solution  of  trichlorophenic  acid,  chlorisatin,  or  dichlorisatin  (iii.  406,  408). 
To  prepare  it,  chlorine  is  passed  into  boiling  alcohol  of  80  per  cent,  containing  chlori- 
satin or  dichlorisatin  in  suspension  or  solution,  till  the  thick  oily  precipitate  thereby 
produced  no  longer  increases.  This  precipitate  is  washed  with  water' (to  extract  sal- 
ammoniac),  and  exhausted  when  cold  with  alcohol,  which  leaves  undissolved  the  greater 
part  of  the  perchloroquinone  (chloranil)  formed  at  the  same  time;  the  alcoholio 
solution  is  mixed  with  water  which  throws  down  a  resinous  substance,  and  this  precipi-> 
tate  is  dissolved  in  hot  caustic  potash.  The  solution  thus  obtained  deposits  on  cooling, 
crystals  of  potassic  pentachlorophenate,  which  is  purified  by  reciystallising  it  several 
times  from  potash,  wherein  it  is  but  slightly  soluble. 

Pentachlorophenic  add  predpitated  from  the  potassium-salt  by  hydrochloric  acid 
forms  white  flocks,  which  when  dissolved  in  rock-oil,  sep:^rate  in  right  rhombic  prisms, 
truncated  on  the  acute  lateral  edges.  Angle  ooP  :  ooP  «  about  110°.  It  is  less 
fusible  and  less  volatile  than  trichlorophenic  acid,  but  may  be  sublimed  in  long  needles 
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by  distilUdon  with  water.    Its  odour  ia  like  that  of  tricblorophenic  acid,  bat  mora 
agreeable. 

Pentachlorophenate  of  Ammonium  forms  groups  of  laminse,  sparingly  soluble  in  water. 
The  potasaiuTiirBalt  crystallises  in  needles  or  rhombic  prisms.  The  solution  does  not 
precipitate  the  salt  of  calcium  or  magnesium  ;  but  forms  a  white  flooculent  predpitat« 
yfiih  chloride  of  barium;  brownish-white  with  t><m-<a/to  ;  reddish  with  nt^ra^o/co^o^/ 
ffteenish  with  nitrate  of  nickel;  dark  violet-purple  with  eupric  sulphate;  white  floccu- 
knt  with  mercuric  nitrate  or  chloride;  yellow  with  nitrate  of  silver.  The  silyer-salt 
thus  formed  contains  CAgCPO. 

8.  lodophenols  or  lodophenic  Acids. 

The  mono-  and  di-iodated  compounds  are  produced,  with  copious  evolution  of  hy- 
drochloric acid,  by  the  action  of  chloride  of  iodine  on  phenol.  The  solution  of  the 
rt'sidue  in  soda-ley  yields,  on  addition  of  hydrochloric  aci<(  a  greyish-white  viscid  body 
which  when  heatea  under  the  ordinary  atmospheric  pressure,  is  resolved  into  a  laige 
quantity  of  iodine  and  rosolic  acid,  but  when  distilled  in  a  vacuum,  yields  liquid  mono- 
and  di-iodophenol  containing  a  small  quantity  of  rosolic  acid. 

Mono'iodophenol,  C'&IO,  is  colourless,  syrupy,  insoluble  in  toater^  soluble  in 
alcohol  and  ether,  and  forms  with  alkalis,  czystallisable  salts  which  are  soluble  in  pure 
water,  but  insoluble  in  strong  potash-ley. 

Di'iodophenol,  C'H^PO,  is  a  colourless  solid,  which  melts  at  about  UO^',  dissolves 
sparingly  in  water,  and  crystallises  from  hot  dilute  alcohol  in  slender  flattened  needles. 
It  dissolves  in  alcohol,  ether,  and  alkalis,  forming  with  the  latter,  oomiK>unds  which  are 
soluble  in  water,  but  insoluble  in  strong  potash-ley.  When  heated  it  gives  off  iodine 
and  leaves  rosolic  acid.  (Schiitzenberger  and  Sengenwald,  Ck>mpt.  rend.  liv.  197.) 

4.  Nitrophenols  or  Nitrophemc  Acids. 

Wltropbenlo  aotOf  C"HXKO')0.  Nitrocarbolic add.  (Hofmann,Ann.  Ch.Phann. 
Izxv.  358;  ciiL  247. — ^Fritzsche,  Petersb.  Acad.  Bull.  xvi.  11;  J.  pr.  Chem.  Ixxiii. 
293;  Jahresb.  1857,  p.  453.) — This  acid  is  produced  by  the  action  of  nitric  acid  on 
phenol,  and  by  that  of  nitrous  acid  upon  aniline.  When  nitric  oxide  gas  is  passed  into 
a  solution  of  aniline  in  strong  nitxic  acid,  a  brown  resinous  mixture  is  formed  con- 
taining crystalline  nitrophenic  acid,  a  brown  amorphous  substance,  and  a  trace  of 
phenol.  Nitrophenic  acid  is  also  obtained  in  small  quantity  by  distilling  aniline  with 
dilute  nitric  acid.    (Hofmann.)  , 

Preparation  from  Phenol. — To  obtain  nitrophenic  acid  free  from  di-  and  trinitrophenic 
acids,  the  action  of  the  nitric  acid  must  be  carefully  regulated.  For  this  purpose 
Hofmann  mixes  phenol  and  the  strongest  nitric  acid  by  small  quantities,  keeping  the 
whole  well  cooled  by  a  freezing  mixture ;  then  adds  water,  and  distils  the  resiutine 
mixture  of  water,  oil  and  resin ;  or  he  distils  a  homogeneous  mixture  of  phenol  and 
water  with  ordinary  nitric  acid,  whereupon  the  liquid  suddenly  turns  brown,  a  resin 
separates  from  it,  and  yellow  drops  of  nitrophenic  add  pass  over  with  the  watery 
distillate  and  soon  soliaify  in  the  crystalline  form.  Fritzsche  dissolves  2  pts.  of 
pure  phenol  in  100  pts.  boiling  water,  adds  3  pts.  of  fuming  nitric  add  of  specific 
gravity  1*51,  and  distils.  At  first  the  nitrophenic  acid  acid  passes  over  in  oily  drops 
which  ultimately  solidify ;  afterwards  as  an  aqueous  solution,  the  first  portions  of  which 
deposit  needle-snaped  crystals  of  nitrophenic  acid  when  cooled  to  0^.  The  nitrophenic 
acid  separated  from  the  accompanying  liquid  is  purified  by  redistillation  with  water 
and  recrystallisation  from  alcohol  and  ether. 

Properties. — Nitrophenic  add  crystaUises  in  prisms  of  132^  49',  and  47^  11',  having 
their  acute  and  obtuse  edges  much  truncated,  but  whether  they  are  trimetric  or  mono- 
dinic  could  not  be  determined,  on  account  of  the  imperfect  development  of  the  ter- 
minal £Eu;es  (Kokscharow,  Petersb.  Acad.  BulL  xvii.  273).  It  has  a  light  yellow 
colour,  an  aromatic  not  unpleasant  odour,  and  sweet  aromatic  taste ;  melt^  at  42°,  and 
solidifies  again  at  26°  (Hofmann);  melts  at  45°,  and  solidifies  at  the  same  temperature 
(Fritzsche);  boils  at  216°  (Hofmann),  at  214°  (Fritzsche).  It  dissolves  easily 
in  alcohol  and  ether  (Hofmann,  Fritzsche),  and  separates  therefrom  by  slow  evap- 
oration in  yellow  needles  (Hofmann);  sparingly  in  water  (Hofmann),  sparingly  in 
cold,  more  easily  in  hot  water  (Fritzsche);  easily  in  benzene  and  sulphide  of  carbon 
(Fritzsche).  The  solutions  have  an  add  reaction.  By  sulphuric  acid  it  is  converted, 
slowly  when  dissolved  in  ammonia,  easily  when  dissolved  in  potash  or  soda,  into  ami- 
dophenol,  C«H»(NH»)0.    (Hofmann.) 

The  nitrophenates  are  scarlet  or  orange-coloured  according  to  the  quantity  of 
water  whicb  they  contain. 

The  ammonium-salt  separates  on  cooling  from  a  solution  of  nitrophenic  add  in  warm 
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aqueous  ammonia,  in  orange-yellow  laminar  aystala,  which  qidcklj  giye  off  ammonia 
even  when  expoeed  to  the  air  in  the  moist  state.  The  drj  salt  is  more  easily  prHpared 
by  passing  dry  ammonia-gas  into  an  ethereal  solution  of  nitrophenic  acid,  whereupon 
it  separates  in  laminar  crystals,  which,  after  being  quickly  washed  with  ether  and  preyed 
between  paper,  may  be  presen-ed  in  a  well-closed  vessel  (Fritzsche).  The  pottusium' 
salt  is  obtained  by  dissolving  an  excess  of  nitrophenic  acid  in  a  solution  of  caustic 
potash  in  alcohol  of  90  percent  and  crystallises  from  the  concentrated  liquid  on  cooling 
m  flat  orange-red  crystals  containing  2C"H'K(N0<)O.H''O ;  between  120°  and  130^ 
they  give  off  their  water  and  turn  red.  The  same  salt  may  be  obtained  in  orange- 
coloured  needles  by  the  process  given  by  Hofinann  for  the  preparation  of  the  sodium- 
salt  (Fritzsche).  The  sodium-saltf  C*H*Na(NO*)0,  is  obtained  in  scarlet  crystals  by 
adding  soda  in  excess  to  nitrophenic  acid,  exposing  the  compound  to  the  air  till  all  the 
free  soda  is  converted  intx)  carbonate,  ana  recrystallising  from  absolute  alcohol. 
(Hofmann,  Fritzsche.) 

The  barium-saltt  C'*H"Ba''(NO')H)',  separates  in  scarlet  tabular  crystals  on  boiling 
baryta-water  with  excess  of  nitrophenic  acid  till  the  excess  is  drireu  off,  and  leav- 
ing the  filtrate  to  cool  (Fritzsche). — The  strontiumrsaU  raepared  in  like  manner 
forms  orange-coloured  needles  containing  C«H«Sr"(N0«)*0*.8H*0  (Fritz8che).--The 
calcium'salt  crystallises  in  orange-coloi^ed  needles,  C"H*Ca"(NO')'0'-'.H^,  or  plates^ 
C'«HK)a"(N0»)«0«.4H»0,  which  turn  red  when  dehydrated.    (Fr i tz}B che.) 

Magnetium-salt. — ^Magnesia  boiled  with  nitrophenic  acid  forms  a  red  solution 
which  deposits  needle-shaped  crystals.  Nitrophenic  add  boiled  with  carbonate  of  mag- 
nesium expels  only  a  portion  of  the  carbonic  acid.    (Fritzsche.) 

The  soluble  nitrophenatea  form  orange-red  precipitates  with  acetate  of  lead  and 
mtreurie  eUoride  (Hofmann).  The  precipitates  formed  in  solutions  of  nitrophenatea 
by  eino,  wpper^  and  lead-Mlt*  quickly  decompose,  with  separation  of  nitrophenic  acid. 
(Fritzsche.) 

Silver-salt,  C*H^Ag(NO')0. — Orange-red  precipitate,  gelatinous  and  difficult  to  wash 
f Hofmann).  Nitrate  of  silver  added  to  a  concentrated  solution  of  a  nitrophenate 
forms  a  deep  oran^red  precipitate  which  at  first  consists  of  microscopic  needles,  but  in 
contact  with  the  liquid  soon  changes  to  a  powder  consisting  of  thick  crystals.  A  dilute 
solution  of  silver-nitrate  mixed  with  a  solution  of  nitrophenic  acid  in  a  slight  excess  of 
ammonia,  deposits  at  first  long  needles  of  a  deep  red  colour,  between  which  orange- 
coloured  crystals  gradually  form,  and  ultimately  the  entire  deposit  chanffes  to  a  mass 
of  granular  crystali.    The  salt  is  anhydrous  in  both  forms.    (Fritz s c h e). 

Ethylic  nitrophenate  or  Nitrophenetol,  C«H\C*H*)(NO')0,  is  prepared 
by  decomposing  the  silver-salt  with  ethyUc  iodide,  e^iausting  with  ether,  evaporating 
the  ethereal  extract,  and  distilling  the  residual  brown  oily  liquid.  It  then  passes  over 
as  a  nearly  inodorous  wine-yellow  liquid,  insoluble  in  water,  easily  soluble  in  alcohol 
and  ether,  slowly  decomposed  by  boihng  with  potash  ^Fritzsche).  The  same  com- 
pound appears  to  be  formed,  together  with  ethylic  dinitrophenate  or  dinitrophenetol 
(p.  899),  when  ethylic  phenate  is  treated  with  fuming  nitric  add.    (Cahours.) 

laonltroplienlo  aoid.  C<H*(NO*)0.  (Fritzsche,  Petersb.  Acad. Bull. xvii.  145; 
J.  pr.  Chem.  Ixxv.  257 ;  Jahresb.  1858,  p.  407.) — This  add,  which  has  the  same  com- 
position as  nitrophenic  add,  but  differs  from  it  in  its  properties  and  in  the  constitution 
of  its  salts,  is  pi<>duced,  simultaneously  with  nitrophenic  add,  in  the  first  stage  of  the 
action  of  nitric  add  on  aqueous  phenol.  It  is  found  in  the  residue  left  after  &e  nitro- 
phenic add  has  been  distilled  off;  but  in  order  to  obtain  it  from  this  reddue,  it  is  im- 
portant to  ensure  the  absence  of  dinitrophenic  add,  and  therefore  not  to  use  an  excess 
of  nitric  acid.  Fritzsche  therefore  dissolves  4  pts.  of  phenol  in  100  pts.  of  hot  water, 
adds  5  pts.  fuming  nitric  acid  of  specific  gravity  1*51,  previously  diluted  with  20  pts.  of 
water,  and  distils  off  about  a  third  or  half  of  the  mixture.  The  distillate  contains  a 
large  quantity  of  nitrophenic  acid ;  the  residue  is  free  frt>m  dinitrophenic  add,  and 
consists  of  a  dark  brown  resinous  bodv,  which  for  the  most  part  adheres  dosely  to  the 
sides  of  the  retort,  and  a  yellow  liquid  which  separates  in  oily  drops  on  cooling.  This 
liquid,  together  with  the  solution  obtained  by  boiling  the  resinous  mass  with  water,  is 
filtered  hot,  and  immediately  supersaturated  with  caustic  soda,  in  which  isonitro- 
phenate  of  sodium  is  insoluble.  This  sodium-salt,  which  separates  on  cooling  as  a 
yellow  crystalline  powder,  is  separated  from  the  liquid  bv  filtration  through  pounded 
glass,  washed  with  a  little  soda-ley,  and  crystallised  from  the  smallest  possible  quantity 
of  boiling  water,  from  which  it  separates  on  cooling  in  prismatic  or  tabular  crystals. 
To  isolate  the  isonitrophenic  add,  a  solution  of  the  sodium-salt,  saturated  at  mean 
temperature,  is  mixed  with  hydrochloric  acid  at  the  temperature  of  about  40°,  till  the 
previously  yellow  liquid  has  become  colourless :  the  aad  then  separates  on  cooling, 
first  in  ou^  drops,  afterwards  in  slender  needles.  To  purify  it  by  recrystallisation,  it 
must  be  dissolved  in  water  not  hotter  than  40^,  since  at  higher  temperBtores  a  portion 


896  PHi;NOL,  DERIVATIVES  OF. 

of  the  acid  separates  in  the  liquid  state,  and  usually  with  a  yellowish-red  colour,  which 
it  retains  even  after  solidifying. 

Properties, — ^Isonitrophenic  acid  crystallises  from  its  pure  aqueous  solution  in  slender 
colourless  needles ;  but  by  spontaneous  eyaporation  of  an  ethereal  solution,  it  may  be 
obtained  in  larger  crystals  which  assume  a  yellowish-red  colour  on  exposure  to  light 
and  air.  These  two  forms  are  distinguished  byFritzscheas  the  colourless  and  the 
coloured  modification.  The  acid  is  not,  howeyer,  dimorphous ;  for,  according  to  Kok- 
scharow,  both  forms  are  monoclinic,  and  hare  their  principal  axis  clinodiagonal  and 
orthodiagonal  in  the  same  ratio,  viz.  as  1'0338  :  1  :  1*6094,  and  the  two  former  axes 
inclined  at  an  angle  of  76°  37'.  The  crystals  of  the  coloui^  modification  exhibit  the 
combination  oP  .  +  P  .  ooP^  .  ooPoo ,  while  the  needle-shaped  ciystals  of  the  colour- 
less modification  exhibit  at  the  ends  only  the  face  ^P. 

Isonitrophenic  acid  is  inodorous,  has  a  sweetish  taste,  with  burning  after-taste.  It 
dissolves  very  easily  in  alcohol ;  the  solution  becomes  milky  on  addition  of  water,  and 
the  acid  which  gradually  collects  together,  remains  liquid  for  days,  if  only  a  small 
quantity  of  water  has  been  added.  In  the  dry  state  it  melts  at  about  110*^;  under 
water  between  48°  and  50°.  At  a  stronger  heat,  it  boils  and  passes  over  for  the  most 
part  undecomposed ;  it  volatilises  perceptibly,  however,  at  lower  temperatures,  even 
below  its  melting  point,  also  with  aqueous  vapour  when  boiled  with  water.  It  is 
scarcely  attacked  by  strong  sulphuric  acid,  even  after  prolonged  boiling.  When  it  is 
treated  with  iron  filings  and  dUute  acetic  acid,  a  violent  action  takes  place,  and  a 
dark  brown  sparingly  soluble  iron-salt  is  formed,  containing  a  peculiar  acid  not  yet 
examined. 

Isonitrophenates, — Isonitrophenic  acid  is  a  weak  acid ;  it  expels  carbonic  acid 
from  the  carbonates  of  the  alkali-metals,  and  from  magnesia  alba ;  but  scarcely  attacks 
the  carbonates  of  the  other  earth-metals,  even  at  the  boiling  heat.  It  forms  but  one 
ethyl-compound,  and  is  therefore  probably  monobasic;  nevertheless,  it  fonns  two 
classes  of  salts,  namely  neutral  salts,  C"H*M'NO*  or  C"H«M''N«0*,  which  are  mostly 
yellow  or  brownish-yellow  in  the  hydrated,  and  brick-red  in  the  anhydrous  state ;  and 
acid  salts,  C«H^MNO».C*H»NO»  or  C"H»M"N»0«.C»«H'»N«0«,  from  which  the  second 
atom  of  acid  may  be  removed  by  ether. 

The  neutral  ammomum-salt  (obtained  from  a  solution  of  the  acid  in  excess  of  warm 
aqueous  ammonia)  and  the  acid  salt  (by  cautiously  adding  acetic  acid  to  a  cold  saturated 
solution  of  the  preceding)  crystallise  in  yellow  needles ;  both  salts  melt  when  heated, 
and  give  ofif  their  ammonia. — Potassium-salts,  The  acid  dissolves  easily  in  dilute 
potash-ley ;  and  on  adding  excess  of  potash  to  this  solution,  the  neutral  salt  C*H*KNO'. 
2H'0  separates  as  a  golden-yellow  microscopically  crystalline  precipitate,  which,  when 
recrystallised  from  a  small  quantity  of  hot  water,  forms  confused  crusts  of  crystals  con- 
taining C*H*KN0*.2H*0 ;  they  give  oflf  their  water  at  130°,  but  recover  it  on  exposure  to 
the  air.  From  a  cold  concentrated  solution  of  this  salt  mixed  with  a  little  acetic  acid, 
or  from  a  solution  of  the  neutral  salt  and  the  free  acid  in  equivalent  proportions,  the  acid 
salt,  OH^KNO'.CH^NO",  separates  in  prismatic  crystals  which  appear  also  to  contain 
2  at.  water,  but  give  off  acid  as  well  as  water  when  heated. — So dium' salts,  A  solu- 
tion of  the  neutral  sodium-salt  prepared  as  above  described  (p.  396)  yields  at  ordinary 
temperatures  yellow-brown  crystals  which  contain  C*H*NaN0".4H*0,  give  oflT  half 
their  water  on  exposure  to  the  air,  becoming  opaque  and  yellow,  and  the  remainder  at 
110°;  the  anhydrous  salt^  which  has  a  brick-red  colour,  takes  up  2  at.  water,  and 
becomes  yellow  again  on  exposure  to  the  air.  On  adding  acetic  acid  by  drops  to  a 
cold  saturated  solution  of  the  neutral  sodium-salt,  the  acid  salt  is  soon  deposited  in 
prismatic  crystals,  which,  when  recrystallised  from  water,  yield  slender  orange-red 
prisms  containing  C«fi«NaNO«.C«H*NaO>.2H*0. 

Barium-salts.  The  neutral  salt,  C»»H"Ba"N«0«.8H*0,  crystallises  from  a  mixture 
of  the  neutral  sodium-salt  and  chloride  of  barium,  in  brown-yellow  monoclinic  prisms 
with  basal  end-faces ;  it  slowly  gives  off  half  its  water  when  exposed  to  the  air,  and 
becomes  anhydrous  at  120°.— -The  acid  salt,  C'«H*Ba"N«0«.C'«H"N«0«.4HK),  separates 
in  distinct  crystals  from  a  mixture  of  the  neutral  salt  and  the  free  acid  in  equivalent 
proportions. — In  like  manner  are  obtained  the  neutral  strontium-salt,  C"H*Si<'N*0*.7H'0, 
in  yellow  needles;  the  acid  strontium-salt  in  light  yellow  prisms; — ^also  the  neutral 
calcium-salt,  C'*H*Ca"N'0*.4H'0,  in  yellow  needles,  and  the  acid  calcium-salt 
C'«H»Ca"N«0«.C"H»»NW.8H«0,  which  sepaiates  from  a  hot  solution  on  cooling  in  short 
fiat  prisms. 

The  magnesium-salt,  C"H"Mg'^0*.8H*0,  crystallises  from  a  mixture  of  the  hot 
solutions  of  the  neutral  sodium-salt  and  sulphate  of  magnesium,  or  frx>m  the  solution 
obtained  by  boiling  the  aqueous  acid  with  excess  of  magnesia  alba,  in  flat  prisms  or 
tablets. — Antacid  magnesium-salt  does  not  appear  to  exist 

Solutions  of  copper  and  einc-salts,  added  to  soluble  isonitrophenates,  throw  down 
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precipit4ite0  oonsistiog  of  basic  salts,    while  free  iBonitrophenic   acid  remains    in 
solution. 

Lead-salts.  The  neutral  salt  has  not  been  obtained. — "By  dropping  a  solution  of  the 
sodinm-salt  into  a  boiling  solution  of  neutral  lead-acetate,  the  aalt  8C"H''Pb"N^0^ 
SPb'O,  is  obtained  as  an  orange-coloured  precipitat<*,  flocculent  at  first  but  soon 
changing  to  a  granular  mass  of  microscopic  six-sided  tablets. — ^An  acid  lead-salt  sepa- 
rates on  cooling  from  a  solution  of  isonitrophenic  acid  in  hot  aqueous  neutral  acetate  of 
lead,  in  light  yellow  needles,  which  after  recrystallisation  contain  4C**H'Pb"N'0*. 
C-*H'»N«0«. 

Silver-salts. — The  precipitates  formed  on  mixing  solutions  of  alkaline  isonitrophen- 
ates  and  silver-nitrate,  differ  in  composition  according  to  the  constitution  of  the  soluble 
isonitrophenate  used,  the  concentration,  temperature,  and  proportions  of  the  mixed 
solutions,  and  the  manner  in  which  they  are  brought  toother.  The  neutral  silver-salt 
containing  when  air-dried,  C*H^AgNO'.H'0,  is  obtained,  on  dropping  a  cold  solution  of 
neutral  isophenate  of  sodium  or  ammonium  into  solution  of  silTcr-nitrate,  as  a  bulky 
scarlet  precipitate,  which  soon  changes  under  the  liquid  to  a  mass  of  microscopic  prisms 
of  a  deep  orange-yellow  colour.  If,  on  the  contrary,  nitrate  of  silver  be  added,  with 
stirring,  to  a  cold  aqueous  solution  of  neutral  isonitrophenate  of  ammonium,  the  liquid 
becomes  milky,  a  red  precipitate  is  formed,  and  afterwards  a  permanent  light-yellow 
precipitate  consisting  of  a  double  isophenate  of  silver  and  ammonium.  When  a  mixture 
of  the  hot  solutions  of  a  neutral  alkaline  isonitrophenate  and  silver-nitrate  is  left  to  cool, 
especially  if  the  latter  is  in  excess,  an  acid  silver-salt,  6C*H*AgN0*.C*H*N0*,  separates 
in  purple  needles,  which  if  left  in  the  liquid,  ultimately  change  into  the  neutnd-salt. 
A  mixture  of  the  warm  solution  of  the  acid  sodium-salt  with  excess  of  a  concentrated 
solution  of  silver-nitrate,  also  yields  crystals  of  the  purple  salt  just  mentioned;  but  the 
last  portions  redissolved  in  the  liquid  after  complete  cooling,  and  in  theirplace  there 
are  formed  yellowish-green  laminae  of  the  normal  acid  salt  C«H*Ag(NO«).CfH»NO«.H*0, 
which  quickly  turn  scarlet  on  exposure  to  the  air.  On  dissolving  either  of  the  pre- 
ceding silver-salts  in  ammonia,  an  isonitrophenate  of  araentammonium  is  formed.  A 
double  isonitrophenate  of  ammonium  and  argentammomum  has  also  been  obtained  in 
rather  large  crystals. 

Ethylic Isonitrophenate  or  Isonitrophenetol,  OH^(C'H*)(N0*)0,  is  ob- 
tained by  decomposing  the  neutral  silver-salt  with  ethylic  iodide,  distilling  off  the  excess 
of  the  latter  and  exhausting  the  residue  with  ether.  It  cxystalUses  in  colourless  prisms, 
easily  soluble  in  ether,  less  soluble  in  alcohol,  insoluble  in  water;  has  a  peculiar  aromatic 
odour;  melts  at  67° — 58°  to  an  oily  liquid  which  solidifies  in  a  crystalline  mass; 
begins  to  boil  at  a  stronger  heat,  and  may  be  distilled  for  the  most  part  without 
decomposition.     (Fritzsche.) 

Vltro-dioUor«plieiilo  aeld.  C«H'01^N0')0. —Obtained  by  treating  rectified 
coal-tar  naphtha,  first  with  chlorine,  then  with  nitric  acid.  The  product  mixed  with 
water  is  neutralised  with  ammonia,  and  boiled ;  the  filtered  solution  is  neutralised  with 
ammonia,  and  the  nitro-dichlorophenic  acid  which  separates  on  cooling  is  purified  by 
recrystallisation  from  alcohoL  It  is  yellow,  soluble  in  water,  moderately  soluble  in 
boiling  alcohol  and  in  ether,  and  crystallisea  in  beautiful  monocliuic  prisms  having  the 
angle  ooP  :  ooP  «  88°  ;  ooP  :  oP  «  108°  20'  to  108°  30'.  When  quickly  heated  in 
a  dose  vessel,  it  decomposes  with  ignition. 

The  ammonium-salt  crystallises  in  beautiiul  orange-red  needles  which  when  cautiously 
heated  partly  sublime  without  decomposition.  The  potassium-salt,  C*H*KC1*(N0*)0, 
crystallises  m  yeiy  brilliant  laminae,  which  exhibit  by  refiection  two  veiy  different 
colours,  appearing  of  a  fine  crimson  in  one  direction,  and  pure  yellow  in  another.  The 
other  salts  resemble  the  trinitrophenates  or  picrates.  (Laurent  and  Delbos,  Ann. 
Ch.  Phys.  [3]  xix.  380.) 

Wttro-dl-dodopliesle  add.  C>H*I*(N0*)0.— Formed  by  treating  hot  nitro- 
saUcylic  acid  with  iodine  and  adding  potash.  Its  properties  have  not  been  examined. 
(Piria,  Compt.  rend,  xvi  187.) 

IMnltroplieiiio  aeld.  OH*N«0»  «  C«H*(N0«)«0.  Nitrophenesic  add.  (Laur- 
ent, Ann.  Ch.  Phys.  [3]  iii  212.) — This  acid  is  produced  by  the  comparatively 
moderate  action  of  nitric  acid  on  phenol  (Laurent);  also  by  boiling  dinitranisol 
(methylic  dinitrophenate,  L  305)  witn  alcoholic  potash.  (C  a  hours,  Ann.  Ch.  Phys. 
[3]  XXV.  22.) 

Preparation. — 12  pta.  of  commercial  nitric  acid  are  added  by  separate  portions  in  a 
large  porcelain  basin  to  1  pt.  of  that  portion  of  coal-tar  naphtha  which  boils  between 
160°  and  190°,  a  fresh  portion  being  added  as  soon  as  the  yiolent  intumescence  caused 
by  the  preceding  has  subsided,  in  which  case  the  mixture  becomes  hot  enough  to 
render  external  heating  unnecessazy.  The  resulting  thick  red-brown  mass  is  freed  by 
water  from  the  greater  port  of  the  nitric  acid ;  the  residue  boiled  wiUi  yeiy  dilute 
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ammonia ;  the  solution  while  hot  rapidly  filtered  from  a  brown  resinous  mass  which  serres 
for  the  preparation  of  picric  acid ;  the  brown  crystalline  substance  which  separates 
within  24  hours  from  the  dark  brown  filtrate,  is  collected  (an  additional  quantity  of  the 
brown  resinous  mass  serving  for  the  preparation  of  picric  acid  may  be  precipitated  from 
the  mother-liquor  by  acids) ;  the  crystalline  substance  is  dissolved  in  boiling  water ; 
the  delicate  needles  of  dinitrophenate  of  ammonium  which  form  on  cooling,  are  puri- 
fied by  four  reciystallisations  (the  matter  precipitated  from  the  mother-liquors  by  nitric 
add  serves  also  for  the  preparation  of  picric  acid),  washed  with  cold  water,  and  dis- 
solved in  a  very  large  quantity  of  boiling  water ;  the  solution  is  filtered  as  quickly  as 
Sossible  from  any  of  the  brown  mass  that  may  be  precipitated ;  the  mother-liquor  is 
ecanted  from  the  acid  which  crystallises  on  cooling,  boiled  with  fresh  ammonia,  again 
mixed  with  nitric  acid,  &c.,  and  finally  the  acid  thus  obtained  in  fork-like  tufts,  is  dis- 
solved in  boiling  alcohol  to  purify  it  from  a  small  quantity  of  oil :  it  then  crystallises 
free  from  oil  on  cooling.    (Laurent) 

Properties.-^DvintTophenie  acid  forms  pale  brown-yellow  prisms  belonging  to  the 
trimetric  system,  and  exhibiting  the  combination  ooP  .  ao^&oo  .  f  oe>  with  P  very  sub- 
ordinate. Angle  ooP  :  ooP  «  ISO**;  ooP  :  oofoo  »  116°;  oofoo  ;  foo  »  127°. 
Ratio  of  principal  to  secondary  axes  «  1*00  :  0*619  :  1*327.  It  melts  at  104°  and 
solidifies  in  a  radiated  mass  on  oooUng ;  may  be  distilled  in  small  quantities  without 
decomposition.  It  is  inodorous ;  tasteless  at  first,  afterwards  very  bitter ;  colours  the 
cuticle,  horn,  and  other  animal  tissues,  deep  yellow  (Laurent).  It  is  insoluble  in 
cold,  sparingly  soluble  in  hot  water;  easily  soluble  in  alcohol  and  ether,  the  latter  when 
hot  taking  up  rather  moro  than  a  fourth  of  its  weight  of  the  acid. 

Decompositione, — 1.  The  acid  detonates  when  suddenly  heated  in  a  tube,  or  slightly 
when  heated  in  the  air,  with  red  flame  and  black  smoke,  leaving  a  residue  of  charooaL 
-~2.  When  heated  with  bromine^  it  is  converted  into  dinitrobromophenic  add. 
Chlorine  appears  not  to  act  upon  it. — 3.  By  boiling  nitric  acid  it  is  quickly  converted 
into  picric  acid  (Laurent).— -4.  When  heated  with  chlorate  of  potasnum  and  hydro- 
chloric acid,  it  is  veiT  easily  converted  into  perohloroquinone  (Hofmann,  Ann.  Pharm. 
Ui  62). — 5.  It  dissolves  in  warmfuming  oil  of  vitriol,  and  then  decomposes,  with  rapid 
evolution  of  gas,  turning  brown  and  thickening  at  the  same  time. — 6.  It  dissolves 
gradually  in  dilute  ttUphurio  acid,  in  presence  of  zinc,  forming  a  rose-coloured  liquid, 
which  is  tmmed  groen  by  excess  of  ammonia,  without  precipitation. — 7.  Wlien  digested 
with  dilute  sulphuric  acid  and  baryta,  out  of  contact  of  air,  it  forms  a  blood-redliquid 
(Laurent). — 8.  When  gently  heated  with  aqueous  sulphide  of  ammonium,  it  forms  a 
nearly  black  liquid  which  on  cooling  deposits  needles  of  nitrophenamic  add : 

2C*H*(N0*)*0     +     3H*S       -      C'«H«(NO«)«N«0«     +     4H«0     +     S». 
Dlnitrophenic  Nitrophenamic 

acia.  acid. 

9.  Chloride  of  benzoyl  attacks  dinitrophenic  acid  when  heated  with  it,  giving  off  hydro- 
chloric add  and  forming  dinitrophenylic  benzoate  or  dinitrobenzophenide  (i  544). — 

10.  With  pentachloride  of  phosphorus  the  acid  gives  off  hydrochloric  add  and  phos- 
phoric oxychloride  and  forms  dinitrophenylic  chloride. 

The  metallic  dinitrophenates  are  obtained,  sometimes  by  saturating  the  acid  with 
the  pure  base  or  its  carbonate,  sometimes  by  double  decomposition.  They  are  yellow 
or  roseate  and  crystaUisable.  They  all  dissolve  in  water,  and  in  this  form  impart  a 
strong  yellow  colour  to  animal  tissues.  Heated  somewhat  above  the  melting  point  of 
lead,  they  detonate  veiy  slightly,  with  emission  of  light  Sulphuric,  hydrochloric  and 
nitric  add  separate  the  acid  from  them. 

The  ammonium-salt  crystallises  from  boiling  water  in  long  thin  yellow  needles  having 
a  silky  lustro.  By  sublimation,  yellow  shining  laminse  are  obtained.  Very  sparingly 
soluble  in  water,  still  less  in  alcohol. 

The  potassiumrsalt,  2C«H*KrN0«)*0.H«0,  forms  yellow,  shining,  six-sided  needles, 
with  angles  of  115°.  They  redden  when  heated,  without  alteration  of  weight ;  decom- 
pose and  become  opaque  below  100°  ;  give  off  3*90  per  cent,  water  in  vacuo  at  100° ; 
melt  at  a  stronger  heat,  and  then  detonate.  They  dissolve  sparingly  in  cold  water, 
very  sparingly  in  cold  alcohol,  more  easily  in  hot  alcohol.  The  sodium-salt  forms  yellow, 
silky  needles,  which  dissolve  protty  easily  in  water. 

The  barium-salt,  C'«H«Ba\NO'')«0«  5^0  crystallises  in  thick,  roseate,  six-sided 
oblique  prisms  and  needles,  with  two  angles  of  the  lateral  edges  of  89°,  and  four  of 
135°  30 ,  In  vacao,  at  ordinary  temperatures,  they  give  off  6*6  per  cent  (2  at)  and 
at  100°  altogether,  15-42  per  cent.  (5  at)  water. 

The  ammonium-salt  mixed  with  chloride  of  strontium,  the  solutions  being  hot  and 
concentrated,  soon  forms  silky  needles;  with  chloride  of  calcium,  granules  consisting 
of  needles ;  with  alum,  needles.  It  does  not  predpitate  the  salts  of  magnesium,  mam/a- 
nese,  cadmium,  cobalt,  nickel,  or  copper,  or  mercuric  salts. 

Dinitrophenate  of  Cobalt  forms  brown-yellow,  right  rectangular  prisms,  with  di- 
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Hedral  summits.  Its  brown  aqueous  solution  forms  with  ammonia  a  yellow  pfrecipitate 
which  melts  and  detonates  when  heated.  The  copper^salt  crystallises  in  yellow  silky 
needles,  whose  yellow  solution  forms  with  ammonia,  yellow  needles  sparingly  soluble 
in  ammonia  or  in  water. 

Leadsaits, — The  neutral  salt  has  not  been  obtained.  A  baste  lead-salt,  2C''H*Pb" 
(KO*yO*.Fb"0,  is  formed  on  pouring  a  boiling  alcoholic  solution  of  the  acid  into  a 
moderately  concentrated  boiling  alcoholic  solution  of  neutral  acetate  of  lead,  and 
crystallises  on  cooling  in  spherical  groups  of  microscopic  needles  having  a  fine  yellow 
colour.  Another  basic  salt,  C"HW(N0«)*0«.4H«0,  is  obtained  on  pouring  dinitro- 
phenate  of  ammonium  into  a  boiling  dilute  solution  of  neutral  lead-acetate.  It  is  one 
of  the  most  powerfully  detonating  of  all  salts.  The  ammonium-salt  forms  with  solution 
of  nitrate  of  silver  a  reddish-yellow  precipitate,  or  in  case  of  greater  dilution,  after  a 
while,  needles  which  dissolve  in  a  lai^e  quantity  of  water  or  alcohol    (Laurent) 

Dinitrophenic  ethers. — 1.  Methylie  dinitrophenaie  or  Dinitranisol,  C'H*N*0* 
as  C«H"(CH*)(NO'yO,  has  been  already  described;  also  the  base  Methyl-nitrophenidine 
or  Nitranisidine,  CrH"(NO')NO,  formed  from  it  by  the  action  of  sulphide  of  ammo- 
nium. 

Ethi/lic  Dinitrophenate,  DinitropheTietol  or  Binitrosalithol,  C"H'N«0»  -  (XH«(C«H*) 
(NO']W,  is  obtained  by  treating  ethylic  phenate  (p.  891)  with  an  equal  volume  of 
fuming  nitric  acid,  added  by  small  portions,  and  boiling  the  liquid  for  a  few  minutes 
till  it  becomes  clear,  and  then  adding  water.  Dinitrophenetol  is  thereby  precipitated 
as  an  oil  which  ultimately  solidifies,  and  may  be  crystallised  from  boiling  alcohol.  It 
crystallises  in  yellow  needles  very  much  like  dinitranisoL  When  cautiously  heated,  it 
sublimes  without  residue;  but  if  quickly  heated,  it  decomposes  with  ignition,  leaving 
an  abundant  deposit  of  charcoal.  Sulphide  of  ammonium  converts  it  into  ethyl- 
nitrophenidine,  C»H'«(NO«)NO. 

IMnltrobromoplieiilo  aoiO,  C^»BrN*0»  «  C?»H?Br(NO«)«0.  Nitrobromo- 
phenesic  acid.  (Laurent,  Bev.  scient.  vi.  65.) — This  add  is  produced  by  dissolving 
dinitrophenic  acid  in  heated  bromine,  washing  the  crystals  which  separate  on  cooling 
with  a  small  quantity  of  alcohol,  dissolving  them  in  boiling  ether,  and  leaving  the  solu- 
tion to  crystallise  in  a  beaker  covered  with  paper.  It  is  sulphur-yellow,  transparent ; 
crystallises  from  ether  in  shining  monodinic  pnsms  having  the  angle  ooP  :  cx)P  »  106^ 
30';  oP :  ooP  «  98®  30'. — From  boiling  water  or  alcohol,  it  separates  in  needles.  It  melts 
at  about  110®,  and  soUdfies  on  cooling  into  a  laminar  fibrous  mass.  When  strongly 
heated,  it  distils  partlv  undecomposed  and  leaves  a  small  quantity  of  charcoal.  Per- 
manent in  the  air,  inodorous,  colours  the  skin  yellow,  like  picric  acid.  It  dissolves  veiy 
sparingly  in  boiling  water,  and  separates  almost  completely  on  cooling;  with  moderate 
facility  in  boiling  alcohol,  more  easily  in  ether.  It  dissolves  also  in  warm  oil  of  vitriol 
and  crystallises  Sierefrom  in  fern-like  tufts. 

Decompositions. — 1.  The  acid  is  not  decomposed  by  chlorine  in  the  cold  and  but 
slightly  when  heated. — 2.  By  boiling  nitric  acid  it  is  converted  into  picric  acid. — 8.  Its 
solution  in  warm  oil  of  vitriol  decomposes  when  heated. — 4.  Its  aqueous  solution  forms 
with  ferrous  sulphate  and  limey  a  blood-red  liquid,  with  precipitation  of  feme  oxide. 

Thedinitrobromophenates  are  yellow,  orange-coloured  or  red;  crystallise  well ; 
resemble  the  picrates ;  detonate  for  the  most  part,  like  those  salts,  when  heated,  but 
less  strongly,  and  in  a  closed  space  with  emission  of  light;  they  dissolve  for  the  most 

Sart  in  water,  from  which  solution,  sulphuric,  hydrochloric  or  nitric  acid  separates  the 
initrobromophenic  acid. 

The  ammonium-salt  forms  yellow  eight-sided  needles  derived  from  a  rhombic  prism. 
In  vacuo  at  100®  they  give  off  8'67  per  cent,  water,  and  1*86  per  cent  more  at  a  heat 
nearly  sufficient  to  volatilise  them,  and  then  sublime,  for  the  most  part  undecomposed, 
in  yellow,  shining  right  rhombic  prisms,  with  lateral  edges  of  45®  and  135°. — The 
potassium-salt  forms  yellow,  silky  needles,  sparingly  soluble  in  water  and  alcohol. 

The  banum-salt,  C'«H«Br*Ba''(N0«)*0*.4H*0,  forms  dark  yellow  needles,  which  dis- 
solve very  readily  in  water,  give  off  in  vacuo  at  ordinary  temperatures,  7 '5  per  cent 
(3  at.)  water,  assuming  a  scarlet  colour,  and  at  100®,  9'42  per  cent.  (4  at.)  in  alL 

The  cahium-salt  forms  long  yellow  laminse,  which  are  oblique  rectangular  prisms. 
They  turn  about  on  recently  dried  paper  or  in  vacuo,  giving  off  water  and  assuming  a 
scarlet  colour.  The  ammonium-salt  does  not  form  any  precipitate  with  chloride  of 
strontium,  magnesium  or  manganese. 

Lead-salt. — When  a  boiling  dilute  solution  of  the  ammonium-salt  is  poured  into  a 
boiling  dilute  solution  of  neutral  acetate  of  lead,  there  is  immediately  formed  an  orange- 
yellow  precipitate  of  a  basic  salt  containg  37  per  cent,  lead-oxide;  and  the  liquid  de« 
canted  therefrom  after  some  seconds,  forms  pale  yellow  silky  needles  of  the  diplumbic 
salt  C'*H*Br«Pb"(NO*)*0«.Pb''H'K)«,  which  gjve  off  33  per  cent  (2  at)  water  in  vacuo 
at  100®,  and  contain  44 '0  per  cent,  lead-oxide. — In  solutions  not  too  dilute,  the  am- 
monium-salt forms  with  lead-salts,  a  heavy,  yellow,  crystalline  precipitate. 
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The  ammonium-salt  forms  with  the  salts  of  eadmivmy  cobalt^  nickel  and  copper^  on' 
addition  of  ammonia,  a  precipitate  which  consists  of  needle-shaped  particles,  scarcely 
soluble  in  ammonia. 

With  nitrate  of  silver^  the  ammonium-salt  forms  a  yellow  translucent  precipitate; 
from  very  dilute  solutions,  the  silver-salt  is  deposited  in  extremely  fine  filaments. 

DlnltroclUoroplienlo  aotd.  C«H»C1N«0»  »  C»H»C1(N0«)«0  (P.  Griess,  Ann. 
Ch,  Pharm.  cix.  286.) — Prepared  by  passing  a  moderately  strong  stream  of  chlorine 
into  about  a  pound  of  phenol,  kept  at  a  moderate  heat,  and  adding  the  product  by  small 
portions  to  nitric  acid  of  ordinary  strength,  in  a  capacious  porcelain  dish.  The  action 
begins  in  the  cold,  and  is  attended  with  the  evolution  of  red,  intensely  irritating 
vapours,  smelling  like  chloropicrin,  but  towards  the  end  a  gentle  heat  must  be  Applied 
till  red  vapours  are  no  longer  given  off.  The  resulting  red  oily  mass,  consisting  cluefly 
of  dinitrochlorophenic  acid,  is  washed  with  water  to  free  it  fbom  excess  of  nitric  acid, 
and  from  oxalic  acid  formed  in  the  reaction,  and  then  treated  with  aqueous  ammonia ; 
the  crystalline  magma  thus  produced  (consisting  chiefly  of  dinitrochlorophenate  of 
ammonium)  is  dissolved  in  hot  water,  and  quickly  filtered  ;  the  yellow  needles  of  the 
ammonium-salt,  which  separate  as  the  filtrate  cools,  are  once  reciystallised,*  and  the 
solution  of  the  purified  salt  in  boiling  water  is  decomposed  by  dilute  nitric  acid. 

Dinitrocblorophenic  acid  thus  prepared  crystallises  in  light  yellow  anhydrous  laminae. 
It  is  but  slightly  soluble  in  hot  water,  and  separates  almost  completely  in  yellow  laminae 
on  cooling.  It  dissolves  more  readily  in  alcohol  and  ether,  abundantly  also  in  hot 
hydrochloric^  nitric^  and  ttUphuric  acidSf  separating  from  these  solutions  on  cooling 
especially  on  addition  of  water,  in  nearly  colourless  Liminse.  It  melts  at  103^,  solidi- 
fymg  again  to  a  radio-ciystalline  mass  at  95°,  and  sublimes  without  alteration.  In 
powder  or  in  vapour  it  excites  violent  coughing  and  sneezing ;  it  tastes  intensely  bitter 
like  picric  acid,  and  colours  the  skin  yellow. 

The  acid  or  its  ammonium-salt,  digested  at  a  gentle  heat  with  aqueous  sulphide  of 
ammonium ^  is  converted,  with  deposition  of  sulphur,  into  amidonitrochlorophenic 
acid,  C*H»(NH«)(N0«)C10. 

The  dinitrochlorophenates  crystallise  well;  they  are  all  sparingly  soluble  in 
water,  and  are  deposited  from  hot  aqueous  solution  on  cooling  in  reddish  or  yellow  crystals : 
they  detonate  when  heated.  The  ammonium-salt,  C«H«(NH*)C1(N0*)«0,  crystallises  in 
shining  yellow  needles,  green  by  reflected  lights  and  begins  to  sublime  at  100°.  The 
potassium-salt  forms  shining  orange-yellow  needles.  The  harium-salt,  obtained  by 
saturating  the  aqueous  acid  with  carbonate  of  barium,  crystallises  in  delicate  yellow 
needles,  which  turn  red  in  rarefied  air  over  oil  of  vitriol,  and  then  contain 
C'2H'''Ba"Cl*(N0")*0*.H'0 :  the  red  crystals  recover  their  yellow  colour  on  exposure  to 
the  air,  and  the  salt  becomes  anhydrous  at  110°.  The  silver-salt  separates  on  adding 
nitrate  of  silver  to  a  concentrated  solution  of  the  ammonium-salt ;  when  recrystaUised 
it  forms  crimson  laminae  with  green  iridescence,  which  appear  under  the  microscope  as 
oblique  rhombic  prisms.  With  copper  the  acid  appears  to  form  several  salts :  a  solution 
of  recently-prepared  cupric  oxide  in  the  aqueous  acid,  yields  on  evaporation  yellow 
needles  easily  soluble  in  water. 

Trinitropbenio  or  Piorio  acid.  O»H»N«0'  =  C«H"(NO«)^0.  THnitrocar- 
bolic  add.  Carbazotic  acid.  Nitropicric  acid.  Artificial  Indigo-litter,  KoJdenstickstoff- 
sdure,  Jauncamer  de  Welter, — This  acid  was  observed  byHausmann  in  1788,  and 
afterwards  examined,  with  regard  to  its  composition,  chiefiy  by  Liebig  (Pogg.  Ann. 
xiii.  191 ;  xiv.  466;  Ann.  Ch.  Pharm.  ix.  80;  xxxix.  360),  Dumas  (A^n.  Ch.  Phys. 
Uii.  178  [3]  ii.  228),  and  Laurent  {ibid.  [3]  iii.  221). 

It  is  produced :  1.  By  the  action  of  heated  nitric  acid  on  phenic,  tribromophenic,  and 
dinitrophenic  acid,  also  on  saligenin,  salicylous  acid,  salidn,  salicylic  acid,  nitrosalicylic 
acid,  phlorizin,  extract  of  willow-bark,  indigo,  coumarin,  aloes,  benzoin,  the  resin  of 
xanthorhcMt  hastilis,  resin  of  Peru  balsam,  and  silk. — 2.  By  boiling  trinitranisol  with 
potash-ley.     (C  ah  ours.) 

Preparation. — 1.  From  Phenol. — The  brown  resinous  masses  precipitated  during  the 
preparation  of  dinitrophenic  acid  (p.  397),  are  united  with  the  mass  obtained  by 
precipitating  with  nitric  acid  the  mother-liquors  of  dinitrophenate  of  ammonium  ob- 
tained in  the  same  process ;  the  united  mass  is  heated  to  tiie  boiling  point  in  a  basin 
with  commercial  nitric  acid  ;  the  acid  liquid  decanted  after  cooling ;  the  residue  washed 
with  a  small  quantity  of  cold  water,  and  boiled  with  very  dilute  ammonia;  the  filtrate 
repeatedly  evaporated  to  the  crystallising  point ;  the  resulting  picrate  of  ammonium 
purified  by  crystallisation  from  Doiling  alcohol ;  and  the  beautiM  needles  of  this  salt 
treated  with  nitric  acid  to  separate  the  picric  acid,  the  quantity  of  which,  thus  obtained, 

*  The  mother-liqu'^r  retains  In  solution  the  ammonium -salt  of  another  ncid  Tormed  during  the  abore 
reaciion.  and  if  mixed  while  still  hot  with  hydrochloric  acid,  deposits  this  acid  as  a  viscid  oil,  which 
ultimately  solidifles.  It  melts  easily,  and  is  cnnrerted  by  sulphide  of  amrnoniun  into  an  amido-acid. 
Nitrodichiorophenic  acid  (p.  3&7)  does  not  nppear  to  be  formed  in  this  reaction. 
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is  greater  as  the  qoantitj  of  dinitrophenic  acid  was  less.  The  impure  dinitropheme 
acid  may  also  be  eonyerted  into  picric  acid  hj  boiling  it  with  nitric  acid,  and  recrjs- 
tallising  from  alcohol  the  portion  which  separates  out  (Laurent).  Picric  acid  may, 
howerer,  be  more  adTantageously  prepared  from  pure  crystallised  phenol,  which  is 
now  manufactured  in  large  quantities  from  coal-tar ;  this  is  in  fact  the  mode  of  pre- 
paration now  most  geneially  adopted.  100  pts.  of  crystallised  phenol,  treated  with 
nitric  acid,  yield,  according  to  Perra  (Dingl.  poL  J.  clxv.  386),  from  90  to  100  pts.  of 
picric  acid. 

2.  From  8alicin.-^T!!hiB  substance,  treated  with  nitric  acid,  yields  remarkably  pure 
picric  acid;  phlorizin  yields  much  less  picric  than  phloretic  acid.    (Ma  re  hand.) 

3.  From  Indigo, — 12  to  13  pts.  of  nitric  acid  of  specific  gravity  1*43  are  heated 
nearly  to  the  boiling  point  in  a  capacious  glass  flask ;  1  pt  of  the  best  East  Indian 
indigo  in  coarse  powder,  is  added  in  small  portions,  each  addition  being  made  as  soon 
as  the  last  portion  has  disappeared ;  the  red-brown  liquid  is  concentrated  by  boiling 
tall  it  becomes  thickish  and  lighter  in  colour;  3  pts.  more  nitric  acid  are  added  in  case 
the  liquid  still  gives  off  nitrous  acid,  and  the  boiling  is  repeated ;  the  mother-liquor 
is  decanted  from  the  hard,  yellow,  translucent  erystids  which  form  on  cooling ;  these 
crystals  are  washed  with  cold  water  and  dissolved  in  a  sufficient  quantity  of  boiling 
water ;  the  oily  drops  of  artificial  tannin  which  then  rise  to  the  surface  are  removed 
with  filtering  paper;  the  solution  is  filtered  and  left  to  cool;  the  yellow  shining  laminae 
of  picric  acid  which  separate  are  removed  from  the  mother-liquor,  again  dissolved  in 
boiling  water,  and  neutralised  with  carbonate  of  potassium;  the  potassium-salt 
which  separates  on  eoolin|;  is  {mrified  by  repeated  crystallisation,  then  dissolved  in 
boiling  water ;  and  the  liquid  is  mixed  witn  sulphuric,  hydrochloric,  or  nitric  acid, 
whereupon  the  picric  add  crystallises  out  on  cooling.  An  additional  quantity  of  tlie 
potas8ium-salt»  requiring,  however,  further  purification,  may  be  obtained  from  the  first 
mother-liquor  by  precipitating  therefrom  a  large  quantity  of  brown  matter  by  addition 
of  water,  then  dissolving  it  in  boiling  water,  neutraUsing  with  carbonate  of  potassium, 
and  cooling  Four  parts  of  indigo  should  yield  1  pt  of  picric  acid.  I^metimes  the 
solution  of  indigo  in  nitric  add  does  not  yield  any  ciystals ;  it  must  then  be  evaporated 
down,  mixed  with  water,  and  the  add  separated  from  the  brown  predpitate  as  above. 
The  liquid  above  the  precipitate  likewise  yields  picric  acid,  when  evaporated,  boiled 
with  nitric  add,  neutralised  with  potash,  &&  (Liebig).  Altogether,  however,  the 
preparation  of  picric  add  from  indigo  is  not  to  be  recommended. 

4.  Ftom  the  ydkw  retin  of  Xanthorrhaa  hasHlis. — The  resin  is  dissolved  in  the 
requisite  quantity  of  strong  nitric  acid,  whereupon  red  vapours  are  evolved,  with  violent 
frx^inff,  and  a  dark-red  solution  is  formed  which  becomes  deep  yellow  after  boiling. 
This  scMution  is  evaporated  overt-he  water-bath ;  the  remaining  yellow  crystalline  mass, 
which,  together  with  picric  acid,  contains  small  quantities  of  oxalic  and  nitrobenzoic 
acids,  is  neutralised  with  potash ;  and  the  picrate  of  potassium  is  purified  by  two  crystal- 
lisations, and  then  treated  with  hydrochloric  add,  which  separates  the  picric  acid,  to 
be  further  purified  by  two  crystallisations,  and  amounting  to  50  per  cent  of  the  resin 
used  (Stenhouse).  This  is  one  of  the  best  modes  of  preparation  (see  Carey  Lea, 
SilL  Am.  J.  [2]  xxvi.  279 ;  Jahresb.  1868,  p.  414). 

6.  From  ienzom. — 1  pt  of  benzoin  (from  which  the  benzoic  add  may  be  previously 
extracted  by  alkalis)  is  gently  heated  with  8  pts.  of  commercial  nitric  acid ;  the 
mixture  distilled,  with  four  times  repeated  conobation,  after  the  effervescence  has 
ceased ;  and  the  liquid,  after  decantation  iW>m  the  resin,  mixed  with  four  times  its  bulk 
of  water,  filtered  from  the  predpitated  yellow  powder,  and  neutralised  while  hot  with 
carbonate  of  potassium:  it  then  yields  crystals  of  picrate  of  potassium  on  cooling. 
(R  Kopp,  Ann.  Chim.  Phys.  [3]  xiii  233.) 

6.  From  8Hk, — 1.  When  1  pt.  of  silk  is  distilled,  with  fluent  cohobation,  with 
6  pts.  of  nitric  add,  a  solution  is  obtained  whieh,  by  evaporation  and  cooling,  yields 
crystals  of  picric  and  oxalic  adds  (Welter). — 2.  Liebig  uses  12  pts.  of  nitric  add ; 
neutralises  the  residue  in  the  retort  with  carbonate  of  potassium  ;  purifies  the  crystals 
of  potassic  picrate  by  recrystallisation ;  and  predpitates  the  acid  from  their  solution  by 
nitric  add.  The  product  horn  silk  is  however  much  smaller  than  that  which  is 
obtained  from  indigo. 

7.  From  Aloes. — 1  pt  of  aloes  is  heated  with  8  pts.  of  strong  nitric  add  till  violent 
action  takes  place ;  the  fire  is  then  removed ;  the  mixture,  after  the  gas-evolution  has 
ceased,  is  introduced  into  a  retort ;  the  greater  part  of  the  add  liquid  poured  off;  the 
residue  distilled  with  8  or  4  pts.  of  fineeh  nitric  add,  which  still  causes  a  slow  evolution 
of  nitric  oxide,  till  the  greater  part  of  the  nitric  add  is  decomposed  or  volatilised ;  the 
residue  diluted  with  water,  which  separates  the  chrysammic  apd  aloetic  adds  still  re- 
maining undoeomposed ;  and  the  yellow  filtrate  after  bdng  evaporated,  to  remove  the 
greater  part  of  the  nitric  acid,  is  neutralised  with  milk  of  lime :  pure  picric  acid  may 
then  be  precipitated  from  the  filtrate  by  nitric  add. 

Voi.  IV.  J)  D 
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8.  From  Trinitramsol. — TrinitraBisol  is  boiled  for  a  few  miQntes  witb  nioderatelr 
strong  potash ;  water  is  added  till  all  the  resulting  potassium  salt  is  dissolved ;  the  sut 
allowed  to  crystallise  by  cooling ;  and  the  acid  separated  therefrom  bj  boiling  dilute 
nitric  acid :  it  then  separates  on  cooling  in  yellow  shining  needles,  and  may  be  pvrified 
by  washing  wit^  cold  water,  and  crysttUlieatioa  firomboiUng  water.*  (Cahovrs,  Ann. 
Ch.  Phys.  [8]  xty.  26.) 

Purification. — The  conversion  of  crude  picric  acid  into  a  potassium-salt  afibrds  a  very 
convenient  mode  of  purification  on  the  small  scale,  as  the  salt  is  but  veiy  slightly 
soluble  in  cold,  though  readily  solul^e  in  boiling  water.  But  in  cmeimting  on  a  laige 
scale,  the  filtration  of  this  salt  presents  great  difficulties,  as  the  liquids,  even  when  boH- 
ing  and  contained  in  heated  funnels,  have  a  great  tendency  to  ciystallise  on  the  filters, 
which  they  then  rapidly  choke.  Several  manufacturers  therefore  prefer  converting  the 
crude  acid  into  a  sodium-saJt^  by  saturating  the  boiling  solution  with  sodie  carbonate, 
taking  care  to  avoid  an  excess,  as  that  would  dissolve  the  yellow  resinous  nurtter  with 
which  the  add  is  contaminated.  The  boiling  liquors  are  filtered  to  separate  this  resin, 
and  the  filtrate  is  mixed  with  a  further  quantity  of  sodic  carbonate.  This  causes  the 
bulk  of  the  sodic  picrate  to  aystallise  out,  as  the  salt  is  nearly  insoluble  in  solutions 
containing  an  excess  of  alkaline  carbonate.  The  small  quantity  of  picric  acid  still 
remaining  in  the  mother-liquors  may  be  precipitated  by  adding  a  potassium-salt 

The  crystallised  picrate  of  sodium  thus  obtained  is  then  dissolved,  and  its  boiling 
solution  is  decomposed  by  an  excess  of  sulphuric  acid.  The  picric  acid  thus  separated, 
being  nearly  insoluble  in  the  mother-liquors  containing  the  acid  sultrfiate  of  sodium, 
crystallises  out  almost  entirely  on  cooling ;  and  after  draining,  washing  with  a  little 
cold  water,  and  pressing,  is  almost  chemi(^y  pure.    (Hqfmann*s  Report^  -a.  136.) 

Properties, — ^Pieric  acid  cystallises  in  light  yellow,  strongly  shinmg  lamine 
(Liebig),  in  yellowish  octahedrons,  often  veiy  much  truncated  on  two  of  their 
summits  (Welter) ;  yellowish-white  needles  and  granules  (Chevreul).  Thecrystals 
belong  to  the  trimetrie  system.  Angle  ooP  :  ooP  »  115^  SCT  ;  F  :  P  »  108^; 
J^  :  ooFoo  »125°  (Laurent).  The  acid  melts  when  slowly  heated,  forming  a  brownish- 
yellow  oil,  which  solidifies  in  a  crystalline  mass  on  cooling.  When  slightly  heated  in 
contact  with  the  air,  it  volatilises  undecoinposed ;  at  a  higher  temperature,  it  boils  and 
eives  off  a  thick,  yellow,  suffocating*  irritating,  and  intensely  bitter  vapour,  and  sub- 
limes in  small  yellowish-white  needles  and  scales,  or  passes  over  as  a  brown  liquid 
which  ciTstallises  on  cooling.  It  tastes  very  bitter  and  somewhat  harsh  and  sour,  and 
reddens  litmus.  The  impure  acid  from  incUgo  in  doses  of  1  to  10  grains,  kills  rabbits 
and  dogs,  witii  delirium  and  convulsions* 

Picric  acid  dissolves  in  160  pU.  oi  water  at  6°,  in  86  pts.  at  15^,  in  81  pts.  at  20^, 
in  77  pts.  at  225^  in  73  pts.  at  26^  and  in  26  pts.  at  77^  (Marchand).  The  solu- 
tion has  a  deeper  colour  than  the  solid  acid,  and  imparts  a  strong  yellow  stain  to  the 
skin  and  other  animal  tissues. 

Water  containing  only  p^^  of  picric  acid  is  distinctly  yellow;  with  55)39  of  the  acid 
the  colour  is  still  perceptible  in  a  stratum  an  inch  deep^  and  in  larger  masses  to  a  stiU 
greater  degree  of  dilution.    ^C  a  r ey  L  e  a. ) 

Picric  acid  is  likewise  easily  soluble  in  alcohol  and  in  ether.  It  dissolyes  in  warm 
concentrated  sulphuric  acid,  and  is  precipitated  therefirom  by  water  unchanged,  and  ac- 
cording to  Lea,  in  square  laminae  belonging  to  the  trimetrie  system.  A  cold  saturated 
solution  of  picric  acid  mixed  with  2  to  4  vol.  of  dilute  sulphuric  acid  (I  voL  oil  of 
vitriol  to  1  vol.  water)  remains  nearly  or  quite  colouriees,  without  separation  of  picric 
acid:  with  |  or  }  vol.  sulphuric  acid,  neariy  all  the  picric  acid  is  precipitated  (Carey 
Lea).     Strong  nitric  acid  dissolves  picric  acid  in  lax^e  quantity. 

Decompositions. — 1.  The  acid  when  stronfflv  heated^  gives  off  acrid  and  rery  bitter 
vapours,  which  condense  as  a  sublimate  on  c<Md  bodies ;  when  quiddy  heated  in  a  retort, 
it  decomposes  with  explosion,  giving  off  nitrogen,  nitric  oxide^  water,  carbonic  anhy- 
dride, hydrocyanic  acio,  and  a  combustible  gas,  and  leaving  a  carbonaceous  residue. — 
2.  By  chlorine  gas,  aqueous  chloride  of  lime^  or  a  mixture  of  hydrochloric  acid  and 
chforate  of  potassium^  it  is  resolved  into  chloropicrin  and  perchloroquinone 
(chloranil) ;  also  by  hot  nitromuriatic  acid  ;  by  6romaR«and  water,  into  bromopicrin 
and  perbromoquinone.  It  is  also  converted  into  bromopicrin  by  distillation 
with  hypobroTnite  of  barium  (Stenhouse,  PhiL  Mag.  [4]  viii.  363). — 3.  When  gently 
heated  with  a  mixture  oi  peroxide  of  manganese  and  sulphuric  acid  it  gives  of  nitrous 
Tapours. — 4.  Boiled  with  a  strong  solution  of  caustic  potash^  it  gives  off  a  large  quantity 
of  ammonia,  and  forms  a  brown  solution  from  which  alcohol  extracts  a  yellow  salt 
crystallising  in  needles.  Picric  acid  is  likewise  alteved  by  prolonged  ebullition  with 
baryta-water, 

*  The  acldi  obtained  bf  thif  and  the  preceding  |»rncest  were  at  flrit  regarded  ai  liomerle,  but  not 
Identical,  with  picric  acid,  the  acid  from  aloes  being  eilled  chrffmdepfe  acid  (Sc  b  unck),  and  that  Trom 
triuitranisol.  pteramMe add  (Cahours) ;  but  later  experimenu  have  chowii  that  lioth  thete  adda  are 
identical  with  picric  acid,  the  dlfTerence  fonnerlj  obaerved  having  been  due  to  ImpurUlea. 
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'  5.  When  picric  acid  is  digested  with  a  solution  of  ferrotts  sulphate  and  an  excess  of 
canstic  baiyta  or  lime,  a  red-bzown  mass  is  formed  containing  picramic  acid 
(Wohler's  nitrohsematic  acid) : 

O»H«(N0«)«0     +     6FeO     +     H»0       =      C»H»N(NO«)»0     +     3Fe«0'. 

Picric  acid.  Picrainic  acid. 

Picric  acid  is  abo  rednced  to  picramic  acid  by  ferrotts  chloride  and  acetate;  cuprous 
chloride^  nascent  hydrogen,  and  by  the  sulphides  of  ammonium  and  of  the  fixed  cdkali" 
mttals  ;  most  readily  by  passing  sulphydric  add  gas  through  a  saturated  alcoholic  solu- 
tion of  picric  acid  neutralised  with  ammonia.  (Girard,  Ann.  Ch.  Pharm.  Izzxviii. 
281.) 

4.  Picric  acid  treated  with  tin  and  hydrochlorio  acid  is  converted  into  a  crystalline 
double  salt  of  stannous  chloride  and  hydrochlorate  ofpicramine,  C^'N'  (Roussin, 
Bull.  Soc  Chim.  1861,  p.  60 ; — ^Beilstein,  Ann.  Ch.  Pharm.  czxz.  244): 

C«HXNO«)«0  +  Sn"  +   23Ha    -     C«H»N«.3HCLSnCl»  +   9SnCl«  +  7HK). 

The  same  base  is  obtained  as  a  hydriodate  by  the  action  of  iodide  of  phosphorus  on  a 
saturated  aqueous  solution  of  picric  add  (Lautemann,  Ann.  Ch.  Pharm.  cxxr.  1): 

C«H«(NO«)K)  +  23HI     «     C^*N«.3HI  +  !»•  +  7H«0. 

6.  Picric  acid  treated  with  cyanide  of  potassium  in  the  state  of  hot  concentrated 
aqueous  solution  assumes  a  deep  blood-red  colour  and  is  oonyerted  into  isopurpuric' 
acid  (Hlasiwetz;  Beilstein,  iii.  433): 

Cnai\NO*yO  +   8CNH  +  HK)     -     C«H»N»0«  +  C0»  +  NH». 

Aoeordinff  to  Carey  Lea  (Jahresb.  1858,  p.  416)  picric  add  is  conyerted  into  picramic 
add  by  Uie  action  of  cyanide  of  potassium;  but  this  statement  is  contradicted  by 
Hlasiwetz  and  Beilstein  (Jahresb.  1859,  p.  458). 

6.  Fentaohlaride  of  phosphorus  acts  violenUy  on  picric  add,  forming  chloride  of 
trinitrophenyl  or  chloropicryl  (Pisani,  Compt  rend,  xzxiz.  852): 

C^»(NO*)»0  +  PC1»     =     C«H«(NO«)«a  +  PCIH)  +  HCL 

7.  Chlorids  of  bengoylhesXe^  with  picric  add  converts  it  into  benzoate  oftri- 
pitrophenyl  or  trinitrobenzophenide  (i.  554). 

8.  A  mixture  of  alcohol,  sulphuric  acid  and  picric  acid  appears  to  yield  pier  ate  of 
ethyL    (Mitscherlich.) 

Detection  of  Picric  Acid. — ^As  reagents  for  the  detection  of  picric  add,  Carey  Lea 
recommends  an  ammoniacal  solution  of  cupric  sulphate,  a  solution  of  sulphide  of  potas- 
sium mixed  with  excess  of  alkali,  and  of  cyanide  of  potasdum  with  ammonia.  The 
first  produces  a  greenish  precipitate,  the  other  two  when  heated  with  the  aqueous  acid 
become  red,  or  in  case  of  veij  great  dilution,  yellow. 

Uses  of  Picric  acid, — ^Picric  add  is  used  for  dydng  dlk  and  wool,  espedally  the  for- 
mer, of  a  yellow  colour.  Its  colouring  power  is  very  considerable,  and  it  exhibits  a  great 
affinity  for  azotised  substances.  The  colour  redsts  the  action  of  light  veiy  well,  but 
is  somewhat  affected  by  washing,  especially  with  soap.  Its  stability  is  increased  by 
mordantinff  the  silk  and  wool  with  alum. 

Cotton,  hemp  and  flax  do  not  exhibit  any  affinity  for  picric  add ;  this  acid  may  there- 
fore be  employed  for  distinguishing  silk  and  wool  from  cotton  and  flax.  For  this  pur- 
pose the  tissue  is  immersed  in  a  hot  solution  of  picric  add  and  then  washed  with  water ; 
the  threads  of  silk  and  wool  then  assume  a  deep  yellow  colour,  while  those  of  cotton 
and  flax  remain  perfectly  colonrless. 

The  isopurpurate  of  potassium  produced  by  the  action  of  cyanide  of  potassium  on 
picric  acid  yields,  when  treated  wita  sal-ammoniac,  an  ammonium-salt  possessing  the 
external  characters  of  murexide  (purpurate  of  ammonium,  ^  v.),  and  acting  exactly 
like  that  compound  when  applied  to  dyeing. 

The  coloured  compounds  produced  by  the  action  of  ferrous  and  stannous  salts  on 
picric  add  have  not  yet  been  applied  to  any  practical  purpose. 

PteBATHS. — ^Picric  add  is  monobade.  The  metallic  picrates  are  mostly  OTStallisable, 
bitter,  and  of  yellow  colour.  They  explode  when  strongly  heated,  espedally  in  dose 
vessels.  Bj  predpitating  solutions  of  heavy  metallic  salts  with  alkaline  picrates, 
Carey  Lea  (Sill.  Am.  J.  [2]  xxxi.  78)  has  obtained  compounds  of  metallic  picrates 
with  ammonia.  The  diver-salt  contains  2NH'.CH'Ag(N0')H) ;  the  copper  and  cobalt 
compounds  are  represented  by  the  formula  4NH*.CH^'XN0>)*0*;  the  zinc  and 
cadmium  compounds  by  the  formula  3NH*.C><H'M''(N0*)'0*. 

Picra  te  of  Aluminium  separates  ajfter  some  days  from  a  mixture  of  the  hot  solu- 
tions of  chloride  of  aluminium  and  picrate  of  ammonium,  in  stellate  oroups  of  crystals 
which  are  permanent  iil  the  air.    (Carey  Lea,  SilL  Am.  J.  [2]  xxvi.  279.) 

Picrate  of  Ammonium,  C«H«(NH*XNO«)«0,  crystalliset  in  ydlow  four-,  dx- 
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and  eighi-gided  prisms,  belonging  to  the  trimetric  syBtem,  and  exhibiting  the  oombioa* 
tion  ooP  .  ooPoo  .  ooPoo  .  P.  Angle  a>P  :  ooP  »  111©  :  ooP  :  odP  ao  »  lid''^ 
P  :  P  (terminal)  »  ISd"" ;  P  :  P  (basal)  «  115^  ^Laurent,  Kev.  Sdent.  ix.  26).  It 
is  moderately  soluble  in  irater,  sparingly  in  alcohoL 

Picrate  of  Barium,  C>'H«Ba''(N0*)H)*.6HK),  crystallises  in  monodinic  prisms 
pf  deep  yellow  colonr  (yellow  with  red  terminal  faces,  according  to  Lea),  yery  solnble 
in  water,  Visible  and  explosive.  The  ciystals  contain  11*16  per  cent,  water  of  ciystal- 
lisation,  the  greater  part  of  which  is  given  off  at  100^ 

Picrate  of  Cadmium  separates  from  the  solution  of  the  carbonate  in  hot  aqneoua 
picric  acid,  in  larse  rhombic  prisms,  isomorphous  with  the  ferrous  and  manganons  salts 
(infra),  very  soluble  and  efflorescent ;  the  aqueous  solution  when  boiled  for  some  time 
deposits  a  brown  powder.    (Lea.) 

Picrate  of  Calcium  forms  prisms  more  soluble  than  the  barium-  and  stzontium- 
salts. 

Piera  tea  of  Chromium,  Ckromous  acetate  dissolves  in  aqueous  picric  acid,  form- 
ing a  brown  liquid  which  dries  up  to  an  amorphous  mass.  Basic  chromie  cariwnate 
dissolres  in  aqueous  picric  add  forming;  a  greenish  solution  which  also  dries  ^  to  ao. 
amorphous  mass ;  but  by  exactly  precipitating  a  solution  of  violet  chromic  sulphate 
with  picrate  of  barium,  and  leariog  the  filtrate  to  eyaporate,  small  greenish  needle- 
shaped  crystals  are  obtained.    (Lea.) 

Picrate  of  Cobalt,  C»«H*Co''(NO«)K)«6H*0,  forms  dark  brown  needles  which  mdt 
and  give  off  idl  their  water  of  crystallisation  (14*4  per  cent.)  between  100^  and  110^. 
(Bfarchand.) 

Picrate  of  Copper,  C'*H*Cu"(N0«)"0*.6H«0.—Wben  carbonate  of  copper  is  dis^ 
solved  in  boiling  aqueous  picric  acid,  the  solution  evaporated  to  dryness,  and  th» 
residue  treated  with  boiling  absolute  alcohol,  neutral  cupric  picrato  dissolyes^  while  a 
basic  salt  remains  behind.  The  neutral  salt  forms  small  green  shining  needles^ 
efflorescent  and  melting  at  100^  (March and).  On  adding  an  ammoniacal  solutioor 
of  cupric  sulphate  to  an  alkaline  picrate,  a  copious  greenish-yellow  predpitate  is 
formed,  which  is  vesdlyed  by  water  into  cupric  oxide  and  picrate  cf  ammonium. 
(Lea.) 

Picrate  of  C?/«etntfm  separates  in  golden-yellow  crusts  on  evaporating  a  solution 
of  carbonate  of  fflucinum  in  hot  aqueous  picric  add.    (Lea.) 

Picrates  of  Iron. — The  ferrous  salt  forms  greenifth-yellow  crystals^  isomorphous 
with  the  manganous  salt.  'A»  ferric  salt  is  obtained  in  yellowish-red  prisms  and 
yellow  needles  by  exactly  predpitating  a  solution  of  picrate  of  barium  with  ferric 
sulphate,  and  leaving  tiie  filtrate  to  evaporate.  Aqueous  picric  acid  dissolves  but  a 
small  quantity  of  ferric  hydrate,  eyen  at  tne  boiling  heat.    (Lea.) 

Picratesof  Lead.— The  neutral  salt,  C'*H*Pb'*(NO«)^«,  is  obtained  in  the  form 
of  brown  needles  moderatdy  soluble  in  water,  during  the  cooUng  of  a  boiling,  slightly 
acidulated  mixture  of  an  alkaline  picrate  and  acetate  of  lead.  (E.  Kopp,  Ann.  Ch. 
Phys.  L3]  xiii  283.) 

Baste  salts. — &  By  i>redpitattng  a  dilute  and  boilinff  solution  of  neutral  lead-aeetato 
with  picrate  of  ammonium  containing  a  large  excess  or  ammonia,  a  deep  yellow  powder 
is  obtained,  composed  of  rectangular  prisms  and  containing  G"H«Pb''(NO*)H)MPb''0. 
— fi.  A  mixture  of  picrate  of  ammonium  and  slightly  addulated  acetate  of  lead  yidds 
on  addition  of  ammonia,  a  light  yellow  predpitate,  which  when  left  at  rest,  chaises  to 
a  mass  of  shining  scales,  soft  to  the  touch  like  talc,  and  containing  C'*H^b''(NC^'0'. 
2Pb''0. 3H*0  (M  a  r  c  h  a  n  d). — y.  A  boiling  mixture  of  picrate  of  ammonium  and  acetate 
of  lead  deposits,  according  to  Laurent,  small  dark  yellow  rhomboldal  tables  apparently 
containing  C'*H«Pb''(NO«)«0».Pb"H«0«. 

A  picro'ocetate  of  lead,  C«H*Pb'(N0*)«0«C^H«Pb'0«.4H«0  (March and),  is  de- 
posited in  light  yellow,  veiy  brilliant  rhomboi'dal  tablets,  when  a  boiling  mixture  of 
potassic  picrate  and  an  excess  of  lead-acetate  is  left  to  cool.  This  compound  gires  off 
acetic  acid  when  dried. 

Picrate  of  Magnesium  forms  long  flattened  needles,  of  yellow  colour^  Tezy 
soluble  in  water,  nearly  insoluble  in  boiling  alcohol,  and  apparently  containing  6  at, 
water  of  crystallisation.    (Marchand.) 

P»cra<a  o/Aran^an«««,C'«H*Mn''(NO*)*0«.8H^(Marchand).—A  sobtion  of 
manganous  carbonate  in  hot  aqueous  picric  add  crystallises  by  slow  eyaporatioii  in 
Urge  rhombic  cirstals  exhibiting  the  combination  oof  ao  .  odPoo  .  odP  .  oP^  and 
appearing  pale  yellow  in  the  direction  of  the  prindpal  axis,  reddish  in  eyeiy  othev 
direction  (Lea).  According  to  Marchand,  the  crystsls  quickly  giye  off  3  at  water  on 
exposure  to  the  air  and  4  at  more  at  180°. 

Picrates  of  Mercury. — The  mercuric  salt  is  deposited  in  smsll  yellow  prisms 
Tery  slightly  soluble  in'  cold  water,  during  the  cooling  of  a  boiling  mixture   of 
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meteanoa  nltrato  and  piciate  of  potassium  (Liebig).  The  mereurietalt  separates 
irom  a  ^lution  ef  mercuric  oxide  m  aqueouB  picric  add,  in  orange-coloured  whining 
needles,  which  effloresce  and  turn  yellow  on  exposure  to  the  air.  (Lea.) 
•  Picra  te  of  Nickel,  C'«H*Ni"(N0*)«0«.8H«0,  is  obtained  by  spontaneous  evapora- 
tion of  a  solution  of  hydrate  or  carbonate  of  nickel  in  aqueous  picric  acid,  in  green, 
diehroic,  efflorescent  czystala,  very  soluble  in  alcohol    (Marchand.^ 

Picrate  of  Potassium,  C'H*K(NO')'0,  isobtainea  by  neutralinnga  hot  aqueous 
solution  of  picric  acid  with  potash,  or,  according  to  Liebig^  in  the  state  of  greatest 
purity  by  digesting  an  aqueous  solution  of  potassic  chloride  with  mercurous  picrate. 
it  crystallises  in  yellow  rhombic  prisms,  usually  with  a  metallic  reflex.  Observed 
combination  a>P .  »Pod  .  fco.  Angle  ooP :  odP  »  110^  15'  30*;  too  :  :Pqo  in  the 
brachydiagonal  principal  section  ■•  139^  25'.  Batio  of  vertical  to  horisontal  axes  •■ 
1 :  2*70456  :  1*88469  (Laurent^  Bev.  scient  x.  26).  It  is  but  slightly  soluble  in 
water,  requiring  for  solution  at  least  260  pts.  water  at  15°,  and  14  pts.  %  boiling  water; 
insoluble  m  alcohol.  Hence  picric  acid  lorms  a  precipitate  in  solutions  of  potassium- 
salts  if  not  too  dilute,  especially  on  addition  of  alcohol  When  heated,  it  assumes  an 
orange  colour,  but  becomes  yellow  again  on  cooling;  when  strongly  heated,  it  decom- 
poses with  detonation. 

Picrate  of  Silver,  CfEPAg(NO')H),  forms  fine  yellow  shining  needles  veiy  soluble 
in  water. 

Picrate  of  Sodium  forms  slender  shining  yellow  needles,  soluble  in  10  to  14  pts. 
of  water  at  15°,  and  detonating  rather  strongly  at  a  high  temperature.  According 
to  Lea,  an  alcoholic  solution  of  picric  add  forms  a  predpitate  after  a  while,  in  alkaline 
solutions  of  sodium-salts,  when  not  very  dilute :  hence  picric  acid  cannot  be  depended 
upon  as  a  test  for  distinguishing  between  potassium  and  sodium. 

Picrate  of  Strontium,  C»*H*Si^(N0«/0«5H*0,  forms  hard,  shining,  yellow 
crystala,  moderately  soluble  in  cold  watei^  very  slightly  soluble  in  boiling  absolute 
alcohol    It  detonates  when  heated. 

Picrate  of  Zinc,  C"H*Zn*'(N0«)K)*.7H*0 ?  forms  beautiful  rhomboidal  prisms, 
efflorescent,  very  soluble  in  water  and  in  idcohoL  It  gives  off  8  per  cent,  water  in  dry 
air,  at  ordiiiaiy  temperatwres,  and  14  per  cent  (in  all)  at  140°. 

PiCEim,  ALCOBOua  Pbcuc  Eivbbs.— The  onlj  known  compound  of  this  dass  is 
the  picrate  of  ethyl,  which  is  produced,  according  Mitscherlich,  by  boiling  an  aloohoUo 
solution  of  picric  add  oontammg  a  little  s«lphunc  acid  for  several  hours,  then  adding 
ammonia  and  water.  The  product  crystallises  in  scales  having  a  faint  yellow  colour, 
melts  at  94°,  and  begins  to  boil  and  decompose  at -800°.  It  is  inodorous,  but  has  a 
biting  and  bitter  tast^.  It  is  sparingly  soluble  in  cold,  more  soluble  in  hot  alcohol 
(Mitscherlich,  J.  pr.  Chem.xxii.  195).  Erdmann  {ibid,  xxxvii.418)  was  not  able 
to  prepare  picric  ether  by  the  process  just  described. 

PiCBATBS  OP  Oboaxic  Basbs.    (See  the  several  Basw.) 

PiCBATBS  OF  HT]>BocAXBON8.^Cry8taIline  compounds  of  picric  add  with  benzene^ 
naphthalene,  and  other  hydrocarbons,  have  been  obtained  by  Fritssche  (J.pr.  Chem. 
IxxiiL  212  ;  Jahresb.  1857,  p.  456V — ^A  hot  saturated  solution  of  picric  add  m  benzens 
yields  shining  light  yellow  rhombic  crystals  of  the  compound  CH*.C*H'(NO')*0,  which 
remains  transparent  in  an  atmosphere  of  bemsene,  but  when  exposed  to  the  air  im- 
mediately begms  to  give  off  bensene^  and  is  ultimately  reduced  to  a  brittle  mass  of 
crystals  of  picric  acid.  The  compound  melts  between  85°  and  90°  to  a  light  yellow 
liquid.  It  dissolves  without  decomposition  in  alcohol  and  ether,  but  cannot  be  crystal- 
lised therefrom.  Water  abstracts  picric  add  from  it,  the  whole  of  the  benxene  then 
volatilising  at  the  boiling  heat. 

Pierate  of  Naphthalene,  C'*H«.GfE*(NO*)*0,  separates  from  a  hot  alcoholic  solution 
of  the  two  substances  in  gold-yellow  needles,  which  after  being  rinsed  with  a  littie 
alcohol,  may  be  dried  in  toe  air  between  paper.  Cold  alcohol  or  bensene  may  also  be 
used  as  the  solvent.  The  compound  mdts  at  149°,  dissolves  without  decompodtion  in 
alcohol,  ether,  and  bensene,  and  is  but  slowly  decomposed  by  boiling  water. 

PicraU  of  Anthracene,  C*<H».C^>(NO*)K),  has  been  already  described  (p.  351). 

The  formation  of  these  compounds  may  serve  for  the  separation  of  hydrocarbons  one 
from  the  other.  Fritssche  found  that  coal-tar  oil  boilins  at  150°,  and  fr«e  from 
acid  and  alkaline  products,  gave  with  picric  add  an  imme£ate  and  abundant  pre- 
dpitate of  yellow  needle* shaped  crystals  containiuff  only  one  hydrocarbon,  vis.  naph* 
thalene,  on  further  addition  of  picric  add,  a  crystaHised  compound  of  that  add  with  a 
hydrocarbon  heavier  than  water  was  formed ;  and  the  mother-liquor,  when  cooled  to  a 
very  low  temperature,  deposited  monodinic  crystals^  which  when  decomposed  by  am- 
monia and  distilled,  yielded  a  hydrocarbon  of  variable  boiling  point,  but  related  to 
Gumene  in  composition  and  propertieai  Other  trinitra-acids  unite  witJi  hydrocarbons 
in  a  similar  manner. 
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Coti^^nds  produced  by  the  adiion  of  Seducing  AgewU  on  the  NUropkenie  Add§,    • 

1.  By  Sulphide  of  AmTnonium, 
Vltrop]i«iuuiilet    Pinttrodtphfffiainte     or     JkmldoiiitropliMiio      Aeidv 

C'«H»WO«=  (N0«)«  [JJ*  -  C»«H»(NH«)«(NO«)«0«.(LaiireiitiuidGephardt,  Compt 

H*  '" 
chim.  1849,  p.  468.) — Formed  by  the  action  of  sulphide  of  ammonimn  on  dinitrophenic 
acid.  When  dinitrophenate  of  ammoninm  is  gently  heated  with  sulphide  of  animoniam, 
a  brisk  reaction  takes  place  after  a  few  minutes,  and  the  resulting  nearly  black  maaa 
deposits  on  cooling  large  black-brown  needles,  which  may  be  freed  from  excess  of  snl- 
phide  of  ammonium  by  boiling  with  acetic  acid,  and  punfied  by  two  or  three  crystal- 
lisations from  water. 

Nitrophenamic  acid  thus  obtained  ft>rms  black-brown  needles  which  yield  a  yellow 
powder.  They  are  hexagonal  prisms  with  four  angles  of  131^  80  and  two  of 
97^  They  contain  10  per  cent,  or  4  at.  water  (C'«H"N*0«.4HH)),  which  they  give  off 
between  100^  and  110^.  The  acid  is  yeiy  sligntly  soluble  in  cold  water,  moderately 
soluble  in  alcohol  and  ether.  When  heated  it  first  gives  off  its  water  of  Grystallisationy 
then  melts,  throws  off  a  few  colourless  scales  and  a  brown  oil,  aud  leaves  an  abundant 
residue  of  charcoal  which  takes  fire  when  strongly  heated. 

Nitrophenamate  of  ammoniu/n  does  not  appear  to  hare  been  obtained  in  the  solid 
state.  The  acid  dissolves  in  ammonia,  forming  a  deep  red  solution  which  gives  off  all 
its  ammonia  during  concentration.  The  potciesium-salt,  C"H"KN*0*,  forms  small 
crystalline  nodules  very  soluble  in  water  and  in  alcohoL  The  harium-aalt  forms  spar- 
ingly soluble  brown  needles,  obtained  by  adding  acetate  of  barium  to  an  ammoniacal 
solution  of  the  acid.  The  cafciuTn-salt  obtained  in  like  manner  separates  after  a  while 
in  small  needles.  The  copper-salt  is  a  yellow-green  precipitate;  the  lead-salt  an 
orange-brown  precipitate.  The  sUver-eaU^  C"H"AgN*0*,  is  a  dark  brown-yellow  pre- 
cipitate which  separates  in  scales  from  hot  solutions. 

Bthyl-nitroplieiildine  or  »ltropbettetldlae«  G^<(C^*X^H*XNO*)0. 
(Cahours,  Ann.  Ch.  Phys.  [3]  xx-vii.  463.) — A  base  produced  bypassing  snlphy- 
dric  acid  and  ammonia  gases  simultaneously  through  a  solution  of  ethylic  dinitrophe- 
nate (p.  899).  It  ciystallises  in  brown  needles  resembling  methyl-nitrophenidine  or 
nitranisidine  (i.  304).  It  acts  on  chloride  of  benzoyl  when  heated  with  it,  forming 
a  product  which  crystallises  from  alcohol  in  small  needles.  It  forms  crystalliaable 
salts  with  hydrochloric,  nitric  and  sulphuric  acids. 

PleramlOv  DlnltropbenamlOt  or  Amido-dliiltroplieiite  Aeld*  (>H*N'0*  «- 

(N0«)*  Iq  »  C«H»(NH«)(NO^*0  (Girard,  Compt.  rend.  xxxvL  421.— Wohler, 

Pogg.  Ann.  xiii.  488. — E.  Pugh,  Ann.  Ch.  Pharm.  xcvi.  88.) — Produced  by  the  action 
of  sulphide  of  ammonium  or  of  ferrous  salts  on  picric  acid. — 1.  When  sulphydric  gas 
is  passed  in  excess  through  a  saturated  alcoholic  solution  of  picric  acid  neutralised 
with  ammonia,  the  liquid  acquires  a  deep  red  colour  and  deposits  a  mass  of  dark  red 
cr^'stals  of  picramate  of  ammonium,  an  additional  quantity  of  which  is  obtained  on 
distilling  off  the  alcohol;  and  from  this  salt  the  acid  maybe  separated  by  precipitation 
with  acetic  acid  from  a  hot  solution  (Girard). — 2.  The  nitrohamatie  acta  which 
Wohler  obtained  by  the  action  of  ferrous  sulphate  on  picric  add  has  been  shown  to  be 
identical  with  picramic  acid  (p.  403). 

Picramic  acid  separated  from  its  ammonium-salt  by  acetic  add  forms  beautiful  red 
needles,  often  grouped  in  tabular  masses  (Girard);  from  an  ethereal  solution  it 
crystallises  in  distinct  prismatic  crystals  with  veiy  acute  terminal  faces,  garnet-coloured 
by  reflected,  yellowish-red  by  transmitted  light  (Pugh).  It  has  a  sliffhtly  bitter 
taste  (Girard);  does  not  taste  bitter  (Pu^h).  Melts  at  166^,  and  sohdifies  in  a 
crystidline  mass  on  cooling  (Girard).  It  is  nearly  insoluble  in  toater,  eyen  at  the 
boiling  heat,  but  soluble  in  alcohol  and  ether  (Girard). 

The  acid  heated  above  165^  is  decomposed,  with  evolution  of  tarry  yapours  con- 
taining hydrocyanic  acid  and  ammonia,  and  leaves  a  residue  of  charcoal  (Girard, 
Wohler).  It  bums  vividly  when  thrown  on  red-hot  coals  (Girard).  It  dissolves 
at  ordinary  temperatures  in  sulphuric  acid^  forming  a  red  solution,  from  which,  on  dil- 
ution with  water  and  addition  of  ammonia,  the  picramic  acid  separates  out  unaltered : 
similarly  with  hydrochloric  acid;  but  by  hot  concentrated  sulphuric  acid  it  is  decom- 
posed and  carbonised  (Girard).  Strong  ntYrt'c  acid  decomposes  it^  with  abundant 
evolution  of  nitrous  fumes,  the  liquid  assuming  a'  straw-yellow  colour  and  the  picramic 
add  being  converted  into  picric  acid  (Girard,  Pugh).     Acooiding  to  Wohler, 
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bitrolueinatic  «eid  is  not  reconyeited  into  t>iciic  acid  by  the  action  of  nitne  acid ;  and 
acopiding  to  Carey  Lea^  this  is  also  the  case  with  picramic  add. 

Picramic  acid  unites  readily  with  bases.  Its  salts  are  mostly  crystalline;  their 
general  formula  ia  OH^MN'O*.  The  solutions  of  the  alkaline  pierates  precipitate  the 
Balta  of  coppery  mercury  and  ailver,  but  not  those  of  manganese,  iron,  cobalt,  oc 
nickeL 

PiemmaU  of  ammonium,  C*H^NH^)K'0\  prepared  as  above,  separates  from  the 
alcoholic  solution  by  spontaneous  evaporation,  in  dark  orange-red  rhombohednil  tables. 
It  does  not  decompose  at  100°,  but  at  136°  it  effloresces  and  gives  off  ammonia;  melts 
at  165®,  and  decomposes  at  a  higher  temperature.  It  dissolves  readily  in  water  and 
alcohol,  forming  deep  red  solutions,  but  is  insoluble  in  ether.  The  aqueous  solution  is 
decomposed  by  continual  boiling,  with  separation  of  a  brown  powder.    (Girard.) 

Picramate  of  Copper,  C^H^Cu^NH)**,  is  a  y^owish-green,  amorphous  precipitati\ 
which  detonates  sLghtly,  is  insoluble  in  water  and  alcohol,  but  sduble  in  acids. 
(Girard.) 

Picramate  of  Lead  u  an  orange-coloured  powder  which  explodes  when  heated,  and 
also  by  percussion,  but  without  much  noise.  It  dissolves  in  water,  ammonia  and  adds, 
but  is  insoluble  in  alcohoL    (Girard.) 

Picramate  of  Potassium,  C*H*£N'0*. — Obtained  by  decomposing  the  hot  solu- 
tion of  the  ammonia-salt  with  potash.  Separates  on  cooling  in  red  transparent 
elongated  rhombic  tables,  conttdning  19*9  per  cent  potash.  It  decomposes  with  slight 
detonation  when  somewhat  strongly  heated,  and  leaves  a  residue  of  charcoal.  Dissolves 
pretty  easily  in  water,  aparin^y  in  aloohoL    (Girard.) 

Picraie  of  Barium^  C'^H"Ba'^*0**. — On  decomposing  a  hot  solution  of  picramate  of 
ammonium  with  nitrate  of  barium,  this  salt  separates  in  small  silky  tufts  of  red  and 
golden-yellow  needles.  It  bears  a  heat  of  200°  without  decomposition,  but  detonates 
at  a  hif  her  temperature,  leaving  a  residue  of  charcoal.  Dissolves  sparingly  in  water  and 
alcohdl    Contains  27*9  per  cent  baiyta.     (Girard.) 

Picramate  of  Silver,  C*H^AgNH)*,  is  obtained  by  decomposing  the  ammonia-salt  with 
nitrate  of  silver,  in  the  form  of  a  brick-red  amorphous  precipitate,  which  does  not 
blacken  by  exposure  to  lights  but  decomposes,  with  blackening,  at  about  140°,  leaving 
a  residue  which  melts  at  about  165®.  On  glowing  coals,  it  burns  without  detonation. 
It  is  insoluble  in  cold  water  and  in  alcohol  Soiling  water  decomposes  it»  leaving  an 
insoluble  residue.    (Girard.) 

VitrooUoroplieiiaiiito  or  Amldonltroeliloroptaeiile  AoM«  C'H'N'CIO'  « 
(C^«)*\ 

^a  [o  "  C^*(NH»XN0*)C10.     (Griess,  Ann.  Ch.  Pharm,  cix.  286.)— When 

dinitrochlorophenlc  acidor  its  ammonium-salt  (p.  400)  is  digested  at  a  gentle  heat  with 
sulphide  of  ammonium,  the  liquid  assumes  a  blood-red  colour  and  deposits  sulphur; 
and  on  adding  acetic  acid  to  the  concentrated  filtrate,  nitrochlorophenamic  add  is  pre- 
dpitated  and  may  be  purified  by  ciystallisation  from  hot  water.  The  crystals  dried  at 
the  ordinary  temperature  contain  2CH^N^C10'.HK),  but  become  anhydrous  at  100°, 
assuming  at  the  same  time  a  scarlet  colour.  The  acid  has  a  sweetish  taste  with  bitter 
aft«rtaste.  When  heated  it  turns  red,  melts  at  about  160°,  solidifying  again  at  140° 
to  a  brown  crystalline  mass,  and  sublimes  with  partial  decomposition.  It  dissolves 
but  sparingly  even  in  hot  water ;  the  hot  satnrated  solution  solidifies  on  cooling  to  a 
network  of  brass-yellow  eapillary  needles.  It  dissolves  easily  in  alcohol  and  ether,  also 
in  sulphuric  and  hydrochloric  acids  at  ordinary  temperatures.  Warm  concentrated 
nitric  acid  decomposes  it.  Nitrous  acid  reduces  it  to  diasonitrochlorophenol 
(p.  408). 

The  nitrochlorophenamates  of  the  alkali-metals  and  alkaline  earth-metals  are 
insoluble.  The  salts  are  mostly  yellow  or  brown-red,  and  detonate  when  heated.  The 
ammonium-salt,  C*H^(NH*)N'ClO',  crystallises  from  the  solution  of  the  add  in  aqueous 
ammonia  in  yellowish-red  crystals ;  its  blood-red  aqueous  solution  gives  off  ammonia 
when  evaporated ;  so  likewise  does  the  solid  salt  when  left  over  oil  of  vitriol  in  rare- 
fied air.  The  harium-^t  forms  brown-red  crystals  easily  soluble  in  water.  The  lead- 
salt,  C"H*Pb''NH^ro*,  is  obtained  by  adding  neutral  lead-acetate  to  the  solution  of  the 
ammonium-salt,  as  a  brown-red  predpitate.  The  ammonium-salt  gives  a  yellowish- 
green  precipitate  with  euprie  sulphate,  yellow  with  mercuric  chloride,  brown-red  with 
nitrate  of  stiver, 

2.  B^f  Hydriodic  Acid  and  Stannous  Chloride, 

Picric  add  treated  with  either  of  thece  reagents,  yields  a  salt  of  pi  era  mine  (£•  v.)i 
see  also  p.  403. 
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S.  Sy  Cyanide  of  PotaBsium. 

Picric  acid  treated  with  this  rea^eot  is  conTert^d  into  isopnrpuric  or  picro- 
cjamic  acid,  already  described  (iii.  433). 

Meiapurpuric  acid.  C*H'N*0^. — This  add,  related  to  dinitroph^uc  acid  in  the 
same  manner  as  isopnrpuric  to  picric  acid,  is  obtained  as  a  potassinm-salt,  whenaa 
aqueous  or  alcoholic  solution  of  dinitrophenic  aeid  is  added  by  drops  to  a  solntion  of 
.cyanide  of  potassium  heated  to  60^.  A  dark  coloured  crystalline  powder  is  then  pre- 
cipitated, which  may  be  purified  by  washing  with  a  little  cold  water,  reciystallising 
from  hot  water,  pressing,  and  drying  oyer  oS  of  TitrioL  Metapurpurate  of  potassium 
thus  obtained  is  a  dark  red  substance,  exhibiting  metallic  lustre,  and  dissolying  with 
deep  crimson  colour  in  water  and  in  alcohol  The  solutions  haye  the  odour  of  cyanic 
acid.  The  analysis  of  the  salt  leads  to  the  formula  C*H*ENK)^H'0.  It  becomes  an- 
hydrous when  heated.  The  solution  gives  dark  brown  predpitates  with  the  chloridee 
of  barium  and  strontium,  and  with  most  metallic  solutions.  The  silver-^alt  is  red,  with 
green  metallic  lustre.  The  acid  itself  has  not  been  isolated.  (Pfaundler  and 
Oppenheim,  Bull.  Soc.  Ghim.  [2]  iv.  99.) 

4.  By  Nitrous  Acid,    Diaxokitbofbrsous. 

a.  DiaaonltroplieBoL  C^H'N'O'  -  C*H'N'(NO*)0.  (O r less,  Ann.  Ch.Fharm. 
cxiiL  201.) — Produced  by  passing  nitrous  acid  yapour  into  an  ethereal  solution  of 
nitrophenamic  add  (p.  406): 

C^«NK)«  +  HNO»     «     C*H*N«0»  +  2H«0. 

It  then  separates  as  a  brownish -yellow  granular  mass,  and  is  obtained  in  the  same 
form,  recry8talliscd  from  alcohol.  It  yields  a  light  yellow  powder  turning  red  on  ex- 
posure to  light ;  explodes  with  ^reat  yiolence  when  heated  to  100^.  It  diMolyes  easily 
m  alcoholt  slowly  and  with  partial  decomposition  in  hot  toatert  a  red  amorphous  pow- 
der then  separating,  and  the  filtrate  on  coob'ng  depositing  diazonitrophenol  in  small 
yellow  prisms.  It  dissolves  without  decomposition  in  cold  hydrochloric  and  sulphuric 
acids.  When  boiled  mthfuminy  nitric  acid,  it  forms  a  compound  which  separates  in 
yellow  flocks  on  addition  of  water.  On  adding  carbonate  of  potassium  to  the  alcoholic 
solution  of  diazonitrophenol  and  applying  a  gentle  heat  nitrogen  is  evolved,  and  the 
residue  left  on  evaporating  the  alcohol  yields  with  acids  a  brown-red  amorphous  pre- 
cipitate which  might  be  exjpected  to  exhibit  the  composition  of  nitrophenic  add, 
C^H^XsO*  (see  the  corresponding  decomposition  of  diazodinitiopheool,  it^ra\  but  is  in 
reality  different  both  fix)m  that  compound  and  from  its  isomer,  isonitrophemc  add 
(pp.  394,  395). 

OlasodlnitraplieBOl.  C«H«N«0»  «  C*H»N*(NO«)«0.  (G  r i  e  s  s,  loe.  «<.)— Pro- 
duced by  passing  nitrous  add  gas  into  an  alcoholic  solntion  of  picramic  add : 

C«H*N«0»  +  HNO«     -     C^«N*0»  +  2H«0. 

If  however  the  picramic  add  used  is  impure,  or  if  it  be  added  to  alcohol  previoudy 
saturated  with  nitrous  acid  and  slightly  warmed,  nothing  but  dinitrophenio  add 
is  obtained. 

Diazodinitroplienol  crystallises  in  brass-yellow  or  golden-yellow  laminae,  sparingly 
soluble  in  wateTf  alcohol,  and  ether;  is  neutral  to  vegetable  colours;  has  a  bitter  taste; 
and  detonates  violently  when  heated.  It  is  dissolved  without  decomposition  by 
mineral  acids,  but  is  decomposed  when  heated  with  fuming  sulphuric  acid  ;  dry  chkfrine 
does  not  act  upon  it.  When  boiled  for  some  time  with  water,  it  is  decomposed,  with 
formation  of  a  resinous  body,  and  a  red-brown  pulverulent  substance  soluble  in  alcohol, 
ether  and  alkalis,  but  not  crystal  isable.  On  adding  carbonate  of  potassium  to  the  al- 
coholic solution  of  diasxxlinitrophenol,  nitrogen  is  evolved  and  dinitrophenic  acid  is 
produced,  the  colour  of  the  liquid  AHunging  ^m  yellow  to  red : 

C«H«N*0»  +  H*0     -     C«H*(NO«)«0  +  N«  +   0. 

The  oxygen  set  free,  according  to  this  equation,  is  probably  eonsumed  in  oxidising  the 
alcohol. 

BlasonStrooiaoropbenol.  O^N'aO'  »  C<H'N^N0*)C10.  (Griess,  loo,  ci7.) 
This  compound  is  formed  when  a  rapid  stream  of  nitrous  add  gas  is  passed  through  a 
slightly  warmed  solution  of  nitrochlorophenamic  add,  or  when  the  latter  is  added  to 
alcohol  previously  saturated  with  nitrous  add.  3y  recrystallisation  iiom  aloohol,  it  is 
obtained  in  large  brown-red  prismatic  crystals.  It  is  sptiringly  soluble  in  alcohol, 
ether  and  hot  water,  crystallises  from  hot  water  in  greenish  gold-yellow  laminae,  from 
ether  in  furcate  groups  of  needles.  It  dissolves  in  sulphuric  acid,  and  separates  from 
the  solution  after  addition  of  water,  in  long  thread-like  crystals,  and  is  soluble  without 
decomposition  in  acids  in  general.    It  yields  a  yellow  powder  turning  red  on  exposure 
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to  light ;  detonates  Ttoleotly  above  100^ ;  and  when  mized  in  akoholie  eolation  with 
aUwliB^  givee  off  nitrogen  and  yielda  nitxochloiophenic  add. 

Appendix  to  PhenoMerwativw, 

Tri^loOaplicnie  »oM«  CfH'I'O.— Obtained  bj  treadnff  phenol  with  a  oon- 
eideiable  quantity  of  piotochloride  of  iodine.  On  dlMoliring  the  product  in  eoda  and 
acidnlating  with  sulphuric  add,  a  precipitate  is  obtained  consisting  of  mono-,  di-,  and 
tri-iodophenic  adds,  from  which  the  two  former  maybe  eztncted  by  boiling  alcohol  of 
M  per  cent.  The  residue  dissolyes  slowly  in  strong  alcohol  at  the  boiling  heat,  and 
the  solution  when  oTaporated  deposits  tn-iodophenic  add  in  radiate  groups  of  yellow 
crystals.  It  is  easily  soluble  in  ether,  and  aeoomposes  when  heatra,  with  eopious 
disengagement  of  iodine.  Treated  with  excess  of  protoehloride  of  iodine,  it  yields 
pentachlorophenie  Acid  (p.  893),  which  may  be  sublimed  in  splendid  white 
needles.    (Schttsenberger,  Bull.  Soc.  Chim.  [2]  iy.  102.) 

FJUUiOX-AXAnL  Also  called  Atrulin.  A  blue  dye  obtained  by  heating  peeonin 
(p.  324)  with  aniline.  (See  Hofmann's  Beport  en  Chendcal  Products  j^.  in  the 
Exhibition  of  1862,  p.  136.) 

naVMKACSno  ACISI*  8yn.witfapHXinrLOX.TGOLLicAcn>.  (SeeChLTcoL- 
uc  Btrbbs,  ii  918.) 

>JL— HJfc  CB*.  In  the  £»e  state  C*^**.— The  zadide  of  phenol  oc  phenylis 
alcohol :  known  also  in  the  form  of  chloride,  bromide,  acetate,  &c.  It  is  obtained  in 
the  free  state :  1.  By  the  action  of  sulphuric  add  on  a  colourless  oil  (piobabl;^  phenylic 
oxide  (C^H^yO,  p.  416),  resulting,  among  other  products, .from  the  dry  distilmtion  of 
cupric  benzoate  (List  and  Limpricht,  Ann.  Ch.  Fharm.  xc.  209). — 2.  By  the 
action  of  sodium  on  phenylic  bromide  or  bromobenaene  fFittig,  ibid.  cxxi.  861 ; 
cxxxiL  201),  or  of  sodium-amalgam  on  phenylic  chl<Nride  (Ciiurch,Chem.Soc.  J.  xvu 
76).  Fittig  prepares  it  as  follows : — ^A  mixture  of  benzene  and  bromine  in  equii^ent  pro- 
portions is  exposed  in  a  retort  to  difiused  daylight  for  eight  to  fourteen  days  or  as  K>ttg 
as  white  fiimes  of  hydrobfomic  add  continue  to  appear ;  the  contents  of  the  retort  are 
then  distilled  into  a  leceiyer;  the  dirtillate  is  shietken  with  soda-ley  till  it  becomes 
a>lourless ;  the  watery  liquid  is  removed ;  and  the  oil  carefully  dried  with  diloride  of 
caldum  and  rectified,  collecting  apart  the  portion  which  passes  oyer  below  160^.  This 
distillate,  consistLog  of  benzene  and  monoDromobenzene  or  phenylic  bromide^  is  mixed 
in  a  retort  with  an  excess  of  sodium  cut  into  thin  slices;  the  retort  is  left  to  stand  for 
24  hours  in  cold  water ;  and  the  product  distilled  ofll  The  distillate  is  easily  resolyed 
by  one  rectification  into  benzene  and  pure  phenyl,  which  immediatdy  soUdifiee.  It  ia 
important  that  the  mixture  of  benzene  and  phenyUc  bromide  be  completely  dehydrated 
before  treating  it  with  sodium,  otherwise  the  hydrogen  eyolyed  teom  the  water  will 
unite  with  the  nascent  phenjfl  and  oonyert  a  portion  of  it  into  benzene.  A  mixture 
of  pure  phenylic  bromide  inth  an  equal  volume  of  anhydrous  ether  may  also  be  used 
instead  A  the  mixture  of  phenylic  bromide  and  benzene,  but  it  is  less  adyantageoua. 

3.  Phenyl  is  ako  produced,  together  with  benzene  and  other  ptodncts,  by  the  action 
of  alcoholic  potash  on  nitrate  of  azophenylamine  (p.  482) : 

2C^W     ♦     CTB[«0      -      OMH"     +     C«H*0     +     N«. 
Asoph«i]ri-  Alcohol.  PtaMyL  Aldefayda 

•mine. 

On  heating  the  mixture  in  a  retort,  benzene  passes  oyer  with  the  alcohol  and  aftarw 
wards  the  phenyl,  which  condenses  in  the  reoeiyer  as  a  crystalline  mass^  and  may  be 
purified  by  repeated  oystalliBation  from  alcohol.  (Griess^  PhiL  Truia  1864  [31 
692.) 

4.  Together  with  other  pioducta^  by  heating  sulphate  of  diazobenaidine  (pi  412) 
with  alcohoL    (Griess.) 

Phenyl  aystallises  from  alcohol  in  iridescent,  nacreous  scales  which  melt  at  69^  and 
suUime  at  a  higher  temperature  (List  and  Limpricht);  in  shining  lamine  melting 
at  70-5<»  (PittigX  TO^*  (Griess),  and  boiling  between  239^  and  240"  (Fittig).     U 

fives  by  analysis  93*76  per  cent  carbon  and  6*25  hydrogen  (List  and  Limpricht) ; 
3*24  carbon  and  6*66  hydrogen  (Fittig),  the  formula C*^Q'*  requizing 93*61  carbon  and 
64*9  hydrogen.* 

It  is  converted  by  bromine,  with  evolution  of  hydrobromic  add,  into  bromophenyl, 
C'«BPBr«,  and  by  fuming  nitric  add  into  nitrophenyl,  C"H»(NO*^'. 

The  formation  of  these  compounds  shows  that  the  formula  of  pnenyl  in  the  free  state 
is  not  (3«H*,  but  C«H"  ;for  if  it  were  0^»,  that  of  bromophenyl  would  be  C^*Br,  and 

*  List  and  Limpricht  aMltnwl  to  ttaolr  prodoet  the  formula  CMH",  which  hoverar  does  oot  acraa  lo 
wcU  with  thair  analjrsU  aa  that  of  phaayl,  C»W^,  raquklof  88*41  par  cant.  C,  and  6^  H. 
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that  of  nitrophenyl,  CH^NO*) ;  bat  these  fbrmuliB  are  fuBdmiimble,  becaiuei  the  stim  of 
the  hjdzogen-  and  bromme-atomB  in  the  one  case  and  of  the  hydrcq^n-  and  nitrogen- 
atome  in  the  other  is  uneyen.  In  this  respect  then  phenyl  in  the  free  state  agrees  with  th  e 
other  so-called  alcohol-radides,  methyl,  ethyl,  &e,  Fittis  howeyer  regards  the  compound 
C*'H**,  obtained  as  aboye,  as  bearing  only  a  distant  relationship  to  the  tadide  of  the 
phenyl-compoands,  and  acoordinely  designates  it  by  a  different  name,  yis.  di phenyl, 
on  the  ground  that  the  compounds  formed  from  it  by  the  action  of  bromine  and  nitrie 
acid  do  not  belong  to  the  same  series  as  phenylic  alcohol  and  its  deriyatiyes.  In  this 
respect  howeyer  phenyl  does  not  differ  essentially  from  methyl,  ethyl,  and  their  homo* 
logoes,  inasmuch  as  none  of  these  bodies  are  found  to  yield,  by  combination  or  subedtn- 
tion,  compounds  belonging  to  the  same  series  as  Uie  alcohol  from  which  they  are 
supposed  to  be  derived :  methyl,  CH',  for  example,  when  treated  with  chlorine  yields^ 
not  methylic  chloride,  CHHUl,  but  ethylic  chloride,  C^PCl,  and  monochlorinated  ethy- 
lie  chloride,  C*H*G1',  a  compound  related  to  methyl,  CH',  exactly  in  the  same  manner 
as  dibromophenyl,  C"H*Bi^,  is  related  to  phenyl,  CH**.    If,  as  Schorlemmer^s  ex- 

Eeriments  seem  to  show,  all  the  so-called  alcohol-radicles  in  the  free  state  are  really 
ydrides,  the  so-called  phenyl  or  diphenyl  must  be  regarded  as  the  hydride  of  the 
radicle  C"H». 

Bromoplieiiy^L  CH^Br*.  DibromodiphenpL  (Fittig,  Ann.  Ch.  Fharm.  exxxii. 
204.) — This  compound  is  produced : — 1.  By  saturating  phenyl  with  excess  of  bromine 
under  water  till  it  forms  a  doughy  mass,  removing  the  excess  of  bromine  by  washing 
With  soda-ley  and  crystallising  the  now  solid  prc^uct  from  boiling  benzene  (Fittig). 
— 2.  By  heating  perbromide  of  diasEobenzidine  (p.  412)  with  car1x>nate  of  sodium,  or 
boiling  it  with  alcohol  (Griess): 

C'*H*N\H«Br».Br*    -     C»«H»Br«  +  N«  +  Br«. 

It  forms  concentric  groups  of  mther  large  colourless  prisms  haying  a  splendid  lustre 
and  strong  refracting  power,  insoluble  in  water  and  in  cold  alcohol^  sparingly  soluble  in 
boiling  alcohol,  easily  in  heneene.  It  melts  at  164^  to  a  colourless  liquid  which  maybe 
cooled  below  150°  without  solidifying ;  at  a  higher  temperature  it  distils  without  de- 
composition. It  is  not  attacked  by  alcoholic  potash  or  potassic  acetate,  even  after  pro- 
longed boiling,  and  therefore  does  not  exhibit  the  characters  of  bromide  of  chrysene^ 
CH'-Br* ;  neither  can  this  hydrocarbon  be  separated  from  it  by  the  action  of  sodium. 

cniloroplienjL  C**H"C1^  Dichhrodiphenyl. — Produced  by  heating  the  chloro- 
platinate  of  diazobenzidine  (p.  412)  in  a  retort,  with  4  to  6  times  its  weight  of  sodie 
carbonate.  A  copious  evolution  of  gas  then  takes  place,  and  chlorophenyl  distils  oyer 
as  an  oily  body  which  solidifies  to  a  white  mass  in  the  neck  of  the  retort^  and  may  be 
purified  by  reciystallisation  from  boiling  alcohol : 

c"H«N«.HH3i*j»ta*  -  c»«H"a«  +  a«  +  Pt  +  N«. 

It  crystallises  in  white,  usually  well-deyeloped  prisms,  insoluble  in  loater,  sparingly 
soluble  in  alcohol  even  at  the  boiling  heat,  but  leadily  soluble  in  ether.  It  melts  at 
148^  to  a  yellowish  oil,  which  can  be  distilled  without  decomposition.  (G-riess,  PhiL 
Trans.  1864,  Pt  iii.  p.  730.) 

iritroplieiiyL  C'*H^NO')'.  DinitrocUphenvl  (Fittig,  Ann.  Ch.  Pharm.  cxxiy. 
276.) — ^A  solution  of  phenyl  in  fuming  nitric  add  solidifies  to  a  mass  of  needle-shaped 
crystals  consisting  chiefly  of  this  compound.  It  is  purified  by  filtering  the  liquid 
tlurough  gun-cotton,  waslung  the  remaining  crystalline  mass  with  water,  boiling  it  with 
small  quantities  of  alcoho^  as  long  as  uie  liquid  is  coloured  yellow  thereby,  and 
crsytallising  the  white  mass  five  or  six  times  from  alcohol,  taking  care  that  a  small 
portion  remains  each  time  undissolved.  When  thus  purified  it  crystallises  in  long 
colourless  needles,  which  melt  at  213^  apd  decompose,  with  separation  of  charcoal,  at 
a  stronger  heat.  It  is  quite  insoluble  in  water,  and  veiy  sparingly  soluble  in  alcohoL 
By  covering  it  with  alcohol  and  sulphide  of  ammonium,  and  passing  sulphydric  add 
gas  through  the  liquid  till  the  whole  of  the  nitrophenyl  is  dissolyed,  it  is  converted 
into  amidonitrophenyl  C"H^NH«XNO«),  and  amidophenyl  C'«H»(NH*)« 
which  is  identical  with  Zinin's  benziaine  (i.  544^  the  former  or  the  latter  pre- 
dominating according  as  the  decomposition  takes  place  in  a  cold  or  a  hot  solution. 
These  two  bases  are  easily  separated  from  one  another,  as  the  latter  only  is  soluble 
in  hot  water,  alcohol  or  hydrochloric  add,  and  is  almost  wholly  predpitated  from  these 
solutions  by  sulphuric  add. 

Is 0 nitrophenyl,  C*'H'(NO')*. — ^This  compound,  formed,  dmultaneously  with  the 
nitrophenyl  above  described,  by  the  action  of  fuming  nitric  acid  on  phenyl,  remains  in 
the  mother-liquor  after  the  latter  has  crystallised  out.  On  mixinff  the  add  filtrate  with 
water,  a  soft  yellowish-white  mass  sepanttes,  which  by  repeated  etystallisation  from 
alcohol,  may  be  resolved  into  liquid  nitrobenzene  and  exystalline  isodinitzophenyL 
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The  latter  iii  insblnble  in  water,  easily  soluble  in  Hot  alcoM,  It  is  distinguished  from 
nitrophenyl  by  melting  at  a  much  lower  temperatnre,  vis.  at  93 '5^,  and  by  forming 
with  ledncine  agents  two  bases  differing  in  properties  from  the  two  just  described, 
thonigh  agreeing  with  them  in  composition.    (Fittig,  he,  cit) 

BromonltroplftenjrL  C"H*Bi^NO')*.  Dihromodinitrodiphenyh  (Fit tig,  Ann. 
Ch.  Pharm.  czzxii  206.)— Bromophenyl,  gently  heated  with  Aiming  nitric  acid,  dis- 
solves with  somewhat  strong  reaction,  and  after  a  few  minutes  the  whole  solidifies  to  a  pulp 
of  fine  needle-shaped  crystiJs  of  this  compound,  which,  after  washing  with  water,  mayb^ 
crystallised  from  not  benzene.  It  is  perfectly  insoluble  in  water,  Tery  sparingly  soluble 
in  alcohol  even  at  the  boiling  heat,  more  easily  in  hot  bemene,  whence  it  crystallises  in 
splendid  slightly  yellow  capUlary  needles,  often  an  inch  lone.  It  is  yery  much  like 
dinitrophenyl  in  external  appearance,  and  cannot  be  Tolatilised  without  decomposition. 

Basee  produced  by  reduction  of  the  preeedinff  Nitrocompounds, 

Amldopbenrlf  C»*H»«N«  -  C»«H»(NH»)«  or  BanxIdUie,  (^'^^'^''In*— This 

compound  is  obtained  b^  evaporating  the  solution  of  nitrophenyl  after  prolonged  treat- 
ment with  sulphydric  acid,  as  above  described,  dissolving  the  residue  m  dilute  hydro- 
chloric acid,  and  precipitating  with  sulphuric  add.  The  sulphate  thus  separated  is 
decomposed  by  boiling  with  ammonia,  and  the  free  base  is  purified  by  re-solution  in 
hot  water,  precipitation  with  sulphuric  acid  and  separation  by  ammonia,  and  finally, 
recrystallised  from  hot  water.  It  crystallises  in  colourless  shining  scales  which  melt 
at  118^  (not  at  108^  as  generally  stated).*  (Fittig,  Ann.  Ch.  Pharm.  czziv.  275.) 

Aiiildoiiltro^lioiiyl,  C"H»«N»0*  =  C"H»(NH«)(NO*)  »  '^^"g*^"'  (o* '"^^^ 

tained  by  evaporating  the  above-mentioned  solution  of  nitrophenyl  after  treatment 
with  sulphydric  acid,  and  boiling  the  residue  with  water  till  the  resulting;  solution 
no  longer  gives  a  precipitate  (of  benzidine)  with  sulphuric  acid.  The  residual  ami- 
donitrophenyl  is  dissolved  in  moderately  dUute  hydrochloric  add,  the  liquid  is  filtered 
to  separate  sulphur,  then  predpitated  by  ammonia,  and  the  bulky  red  fiocks  thus 
obtained  are  washed  with  water  and  dissolved  in  hot  alcohoL  On  adding  hot  water 
to  the  alcoholic  solution  till  it  begins  to  show  turbidity,  amidonitrophenyl  separatee  as 
a  crystalline  powder,  which  is  purified  by  several  repetitions  of  this  treatment,  and 
finaUy  recrystallised  from  hot  alcohol.  It  forms  small,  bright-red,  needle-shi^ed 
crystals,  melts  at  about  160^,  volatilises  with  partial  decomposition  at  a  higher  tem- 
perature, dissolves  sparingly  in  water,  but  easily  and  with  red  colour  m  boiling 
alcohol.  Its  solution  in  hot  strong  hydrochloric  acid  is  nearly  colourless,  but  turns 
red  on  cooling  and  deposits  the  free  base  again  when  evaporated.  The  platinum^ 
ealt,  C<*Hi*N*0>.H*a*.Pt*^Cl«,  is  a  fiocculent,  very  easily  decomposible  predpitate. 
(Fittig,  loc.  cit) 

Bromamidoptaeikyl  or  Bromobenstdlnef  G^'H^'Br^*. — ^This  base  cannot  be 
prepared  by  redudng  nitrobromophenyl  with  sulphide  of  ammonium,  this  reaction 
yieldinff  nothing  but  brown  resinous  products  insoluble  in  hydrochloric  add.  But 
when  the  nitro-oompound  is  heated  with  tin  and  strong  hydrochloric  add,  it  dissolves 
after  some  time,  and  on  diluting  the  solution  with  water,  and  filterings  the  filtrate  de- 
posits after  a  while  hard  nodular  groups  of  crystals  consisting  of  a  compound  of  hydro- 
chlorate  of  bromobenzidine  with  stannous  chloride ;  which  when  boiled  with  dilute 
aqueous  ammonia  yields  bromobenzidine  as  a  faintly  yellow  oil  which  solidifies  to  a 
glutinous  mass  on  cooling,  and  may  be  separated  from  stannous  oxide  by  solution  in 
alcohol,  whence  it  separates  in  hemispherical  groups  of  small  hard  crystals^  very  much 
like  sugar-candy,  but  always  having  a  yellow  or  brown  colour  arising  from  partial 
oxidation  taking  place  in  the  alcoholic  solution.  It  is  insoluble  in  water,  melts  at  89^ 
and  decomposes  at  hieher  temperatures,  with  evolution  of  hydrobromic  add  and  separa- 
tion of  much  charoofu.    It  is  a  much  weaker  base  than  benzidine. 

Hydroehlorate  of  bromobenzidine  is  obtained  in  small  colourless  prisms  on  dissolving 
the  base  in  dilute  hydrochloric  acid  and  mixing  the  solution  with  strong  hydrochloric 
add.  It  is  partially  decomposed  by  solution  in  water,  and  appears  also  to  lose  a  portion  of 
its  add  on  mere  exposure  to  the  air.  Ammonia  added  to  the  solution  throws  down 
bromobenzidine  as  a  pure  white  amorphous  predpitate.  The  chloroplatinate  is  a  brown 
amorphous  precipitate  which  cannot  oe  purified  oy  resiystallisation.  The  sulphate  is 
soluble  in  water;  dilute  sulphuric  add  does  not  form  any  predpitate  in  a  solution  of 
the  hydroehlorate.    (Fittig,  Ann.  Gh.  Pharm.  cxxxii  207.) 

A  body  isomeric  with  bromobenzidine  (probably  bromide  of  azobenzene),  is  obtained 

•  The  statement  found  in  mott  Maoualt  of  CbenilitiT,  and  at  pace  645  vol.  I.  of  this  wovk,  that  bcn- 
sldineinelti  at  lOS^,  appeart  to  hare  originated  in  amitprlntio  Zinio*!  paper  (J.  pr.  CbenuxzxfL 
93|.    See  GM«lmV  IbMftoa*,  X.  sa9. 
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hy  the  direct  action  of  l)roiniDe  on  azobenzene,  C**H**N*.  This  piodnct  is  eperingiy 
soluble  in  alcohol  and  ether ;  dTstaUiaes  from  alcohol  in  needles  haring  a  faint  yellow 
colour  and  golden  lustre ;  melts  at  about  206^,  and  sublimes  in  needles.  When  heated 
with  nitric  acid  of  specific  gniTity  1*42,  it  dissolyes  completely,  and  the  solution  on 
cooling  deposits  the  compound  C"H*(NO')N*Br'  in  straw-yellow  needles^  which  are 
vety  soluble  in  alcohol,  and  melt  at  about  169^  to  a  liquid  which  soon  boils  and  decom- 
poses at  a  higher  temperature.    (A.  Werigo,  Ann.  Ch.  Pharm.  czzzv.  178.) 

,  C"HW  -  (^"^'^^JN*.  TstrazotUphefiyl.  (Griess, Phil- 
Trans.  1864,  Pt  ill.  p.  719.)— A  base  obtained  as  a  nitrate  by  the  action  of  nitrous 
acid  on  nitrate  of  benzidine : 

C«Hi«N»  +  2NH0«    »    C««H*N«  +  4H»0. 

When  nitrous  add  vapour  is  passed  through  an  alcoholic  solution  of  nitrate  of  ben- 
zidine a  brown  amorphous  body  separates  m  considerable  quantity  (from  an  aqueous 
solution  only  traces  are  deposited) ;  and  on  mixing  the  filtrate  with  twice  its  rolume  of 
strong  alcohol  and  adding  ether,  nitrate  of  diac^nsidine  is  precipitated  in  minute 
oystus,  which  may  be  purified  by  dissolring  them  in  a  yery  small  quantity  of  water, 
and  repredpitating  with  alcohol  and  ether. 

Nitrate  of  Diaeoheneidine,  0"H«K*.2NH0*,  crystallises  in  white  or  dig^tlj 
ydlow  needles,  easily  soluble  in  water,  less  soluble  in  aleokol,  insoluble  in  ether.  When 
heated  they  explode  with  violence.  The  aqueous  solution  left  in  acoldplaoe  cnidnally 
undergoes  spontaneous  decomposition,  and  on  heating  it»  nitrogen  is  eronred,  and 

diphenyl-alcohol  (or  rather  diphenylenic  alcohol)  C»H>H)*  -^^'^'^[o*, 

is  deposited  in  white  crystals,  together  with  a  brown  amorphous  substance : 

C»H«NV2NH0»  +  2H*0     »    C»»H«^*  +  2NH0»  4   N«. 

(See  PHSNTLViruc  Alcohols.) 

Perbromide  of  D tag o benzidine,  C**H'N*.2HBr.Br*,  is  precipitated  on  addiiw 
bromine-water  to  an  aqueous  solution  of  the  nitrate,  in  round  nddish  crystals,  whi£ 
must  be  washed  on  a  filter  with  water,  and  quickly  dried  over  oil  of  vitriol  and  quick- 
lime. It  is  very  unstable,  gradually  giving  off  bromine  even  at  ordin«^  temperatures. 
It  is  also  deeompoeed,  with  evolution  of  gas,  by  solution  in  aiookol.  Heated  with  ear* 
bonate  of  sodium,  it  f^visB  off  bromine  and  nitrogen,  and  leaves  bromophenyl(p.  410): 

C«HW.2HBr3r«    -     C"H^r«  +  Br*  +  N*. 

By  aqueous  ammonia  it  is  oonverted into  bromide  of  ammonium  and  tetrasodi- 
phenylimide: 

C»«H«N*.2HBr.Br«»  +  8NH»     -    (^'*°^*)*^|n«   +    6NH*Br. 

Perbromide.  TetraiodfphenjU 

imlde. 

The  tetrasodiphenyUmide  is  deposited  in  crystals,  and  by  repeated  etystallifiation 

ftom  strong  alcohol  may  be  obtained  in  small,  very  brilliant^  white  or  yellowish  plates, 

insoluble  in  water,  very  sparingly  soluble  in  cold,  easily  in  boiling  alcohol,  moderately 

in  ether.    It  melts  at  127^  to  a  yellow  oil,  which  is  decomposed  with  slight  explosion 

at  a  higher  temperature.    It  is  neutral  to  test-paper,  does  not  combine  with  adds  or 

alkalis,  is  not  altered  by  boiling  with  strong  hydrochloric  add,  or  with  aqueous  or 

alcoholic  potash,  but  is  decomposed  by  nitric  or  by  strong  sulphuric  add. 

Flatinochloride  of  Diazobenzidine,  C"H«N*.2HCLPt|'Cl«,  is  predpitated 
by  platinic  chloride  from  a  solution  of  the  nitrate  or  sulphate,  in  light  yellow,  very 
small  narrow  plates^  or  from  vexr  dilute  solutions  iu  small  elongated,  well-formed  hex- 
agonal plates.  It  is  almost  insoluble  in  iDater,  alcohol  and  ether.  Exposure  to  light 
during  drying  causes  the  crystals  to  turn  brown.  Heated,  with  carbonate  of  sodium  it 
gives  off  nitrogen  and  chlorine^  together  with  chlorophenyl  (p.  410)  which  passes 
over  as  an  oil,  and  solidifies  as  a  white  mass  in  the  neck  of  the  retort : 

C>«H«N*.2HCUPta*     -     (7«H«C1«  +  Pt  +   W  +  N*. 

Sulphate  of  Diazobenzidine,  CH'N^dSH'O^ — On  mixing  a  concentrated 
aqueous  solution  of  the  nitrate  with  cold  sulphuric  acid,  previously  diluted  with  its 
own  bulk  of  water,  and  then  adding  strong  alcohol,  this  salt  separates  either  as  a 
white  cxystalline  powder,  or  in  white  needles ;  if  alcohol  does  not  predpitate  it  com- 
pletely, ether  must  be  added.    It  is  very  soluble  in  water,  and  explodes  when  heated. 

«  NfislcctlDf  the  hrArdbTOUxlc  add,  the  oompound  may  be  regarded  as  the  bromide  of  a  t^ratomic 
radicle  (C»»H«N«)lTBr*. 
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Heated  vith  alcohol  it  ia  violently  decomposed,  giving  off  nitrogen,  sulphuric  add  and 
aldehyde,  and  yielding  white  crystals  of  phenyl  (p.  410) : 

2(C»*H«N*.3SH«0*)  +  4C«H«0     «     2C'*H'«  +  4C«HK)  +  N»  +  6SHH)*. 
Sulphate  of  Diaso-  Alirohol.  PhenjU         Aldehyde, 

beosldine. 

On  heating  a  solution  of  the  sulphate  in  a  small  quantify  of  oil  of  yitriol,  a  violent 
ev<dution  of  nitrogen  takes  plaoe^  and  a  brown  liquid  is  formed  containing  a  trisulpho- 
and  a  tetrasulpho-acid : 

C'«H«K«  +   3SHK)*     =     C»«H«.3SH«0*  +  N*. 
C"H«N*  +  4SH»0«     -     C»H«.4SH*0*  +  N*. 

On  boiling  the  brown  liquid  with  thirty  times  its  volume  of  water,  saturating  with 
carbonate  of  barium,  evaporating  the  filtrate  to  dryness  over  the  water-bath,  and  ex- 
hausting the  residue  several  times  with  water,  the  barium-salt  of  the  trisulpho-acid 
dissolves  while  that  of  the  tetrasulpho-acid  remains  behind.   (See  Suij>hubic  Ethbbs.) 

lHa»oben«l<Hni^Anmne     or    ]MAxo411plieiijlene-diplienyl-totramine« 

(C»«H«N«y) 
C«H«TJ«     -     C'«H*N*.2C«H»N     =         (C«H»)«VN«.    Tetragodiphenyl-amidobenzol. 

H«  ) 
— This  compound  separates  on  adding  aniline  to  aqueous  nitrate  of  diasobenzidine, 
as  a  yellow  crystalline  mass,  which  may  be  purified  by  repeated  washing  with  alcohol: 
C"H«N*.2NH0»  +  4C«B7N     -     C«*H"N«  +  2(C«H'N.NflO«). 

It  is  insoluble  in  water,  and  very  sparingly  soluble  even  in  boiling  alcohol  and 
ether,  from  which  however  it  separates  in  lance-shaped  crystals,  generally  united  in 
stellate  ^ups.  It  explodes  when  heated,  and  decomposes,  with  evolution  of  nitrogen, 
when  boiled  with  mineral  acids.    (Griess.) 

vranx*  BBOXnia  or.  C*H*%.  See  MovoBBOiioBBManMi^  under  Psbnti., 
Htdsedb  of  (p.  414). 

WWMtnTLf  CB&OBma  OV.  C^UKSL  See  HoKOCHLOBOBmnsBiB,  under  Phektl, 
Htdridb  of  (p.  414). 

PflODnnb,  OTAVXBa  or.  C«H*.CN,  or  Bensonitrile,  C^H^N.-rAlreadv  de- 
scribed under  the  latter  name  (i.  663). — Mendius  has  shown  (Ann.  Ch.  Pharra. 
cxxL  129 ;  Jahresb.  1862,  p.  324),  that  when  treated  with  hydrochloric  add  and  granu- 
lated zinc,  it  is  converted,  by  the  action  of  the  nascent  hydrogen  thereby  evolveo,  into 
a  base  C^H*N,  isomeric  with  benzylamine  (toluidine),  methylaniline,  and  lutidine,  but 
differing  in  its  properties  from  all  three.  This  base  is  an  oil  lighter  than  water,  having 
an  aromatic  not  unpleasant  odour,  boiling  between  182*6^  and  187*5^,  soluble  in  water, 
mifldble  in  all  proportions  with  alcohol  and  ether.  The  aqueous  solution  becomes 
turbid  at  the  heat  of  the  hand,  from  separation  of  a  portion  of  the  dissolved  oiL  It  is 
not  coloured  by  chloride  of  lime  ;  when  evaporated  with  nitrie  aeid,  it  «nits  the  odour 
of  bitter  almond  oil.  When  exposed  to  the  air  it  is  quickly  converted  into  small  shin- 
ing needles  of  the  carbonate.  It  forms  thick  white  fiomes  wi&  hydrochloric  acid.  The 
hydrochlorate^  O'H'N.HGl,  is  invisible,  sublimable,  eanly  soluble  in  water  and  alcohol, 
insoluble  in  ether,  and  crystallises  in  rather  laige  square  plates.  The  chioro<mnUe  crys- 
tallises in  long  yellow  needles ;  the  chloromercurate  from  alcohol  in  radiate  groups  of 
needles ;  the  chloroplaHnate,  2G'H*fNClPt'*Cl^  in  very  thin  pUtes. 

WnaULTM  or.    See  Fhxnol  (p.  289). 

anraama  or.  CH*H. — Syn.  with  Bsmzbrb,  under  which  name 
it  has  been  already  described,  together  with  several  of  its  derivatives  (i.  641).  We 
have  here  to  notice  several  new  c^vatives  of  benzene,  and  ^ome  additional  obeerrations 
on  those  already  described. 

AzO'  and  Amido-benzenes, 

Aniline  or  monophenylamine,  C*H'K,  is  regarded  by  Griess  as  amidobenzene 
C'H^NH*),  and  by  the  action  of  nitrons  acid  on  aniline  and  its  saltSy  compounds  are 
fbrmeid  containing  the  bases  C*H^N'  and  CH"N'.  The  former  is  regarded  by  Griess 
as  diazobenzene,  that  is,  as  formed  from  benzene,  CH*,  by  the  subsdtution  of  2  atoms 
of  nitrogen  for  2  at  hydrosen ;  the  latter  as  a  compound  of  diazobenzene  with  amido- 
benzene (aniline)    »    C<H«N*.OH*(NH').    The  compound  OH^N*  may  however  also 

be  regarded  as  azophenylamine  -0%  [^'>  that  as  monophenylamine  having 
3  at.  hydrogen  replaced  by  1  at.  nitrogen ;  and  the  compound  0'*H"N',  in  like  manner 
as  azodiphenyl-diamine  ^  H^  ( ^'*  ^^^^^^  ^  ^"  ^^^  ^^^7  ^^  ^  described, 
together  with  their  bromo-»  chloro-,  and  nitco-derivatives,  undear  Phbktlajcimbs. 
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SromobetiMenes. 

BtoBObromobeiiBeiieff  C*H*Br.— >Thi8  oompoond,  obtained  bj  the  action  of  bro- 
mine on  benzene  (i.  642),  appears  to  be  identical  with  bromide  of  phenyl  prodaced  by 
the  action  of  bromide  of  phosphoms  on  phenoL  Fittig*8  mode  of  preparing  it  from 
benzene  has  been  already  given  under  Phenyl  (p.  409).  To  separate  it  firom  un- 
altered benzene,  the  mixture  of  the  two,  obtained  as  above,  is  rectifi^,  and  the  portion' 
which  distils  between  152^  and  164^  is  collected  apart  Riche  (Ann.  Ch.  f  harm, 
cxxi.  357),  by  distilling  120  pts.  of  phenol  with  90  pts.  bromide  of  phosphorus,  ob- 
tained an  oily  distillate  having  a  sweetish  taste  like  that  of  chlorobenzene,  boiling 
between  168°  and  IGO'^,  and  containing  somewhat  less  carbon  than  that  required  by 
the  formula  CH*C1 ;  but  it  was  evidenUy  impure. 

Monobromobenzene  or  bromide  of  phenyl  is  not  attacked  by  caustic  potash,  cyanide 
of  potassium  or  acetate  of  silver ;  with  sodium  it  yields  phenyl,  C"H'*,  according  to 
Fit  tig,  benzene  according  to  Riche ;  but  the  production  of  benzene  probably  aroso' 
from  the  presence  of  moisture  (p.  409). 

BlbromobeiimeBey  C'H^J^r',  is  obtained,  mixed  however  with  tribromobenzene, 
by  the  action  of  bromine  in  excess  on  benzene  (Couper,  i.  643).  A  purer  product  isi 
obtained  by  heating  the  bromoplatinate  or  theperbromide  of  azobromophenylammonium 
(see  FHBKTLiiMiinss),  either  alone,  or  better  with  carbonate  of  sodium: 

2(C«H«BrN^2flBr).PtBr*      -      2C«H«Br»     +     Pt     +     N*     +     Br<. 
Bromoplatiiute.  Dibromo. 

be»iffn& 

C«H<BrN»Br«  -        OTI^Br*    +     N*     4-     Br«. 

Perbromlde.  Dibromo- 

benseoe. 

A  Still  better  method  is  to  decompose  the  perbromide  with  alcohol;  the  decom- 
position is  complete  after  a  few  minutes'  boiling,  and  if  too  much  alcohol  has  not  been- 
used,  a  large  portion  of  the  dibromobenzene  separates  at  once  in  ctystals ;  the  remainder 
is  precipitatea  on  addition  of  water  as  thick  oil,  which  soon  solidifies  to  a  ciystalline 
mass.  After  washing  with  a  little  alcohol  and  pressure  between  bibulous  paper,  this 
mass,  together  with  me  crystals  first  precipitated,  is  subjected  to  distillation ;  dibromo- 
benzene then  distils  over  as  a  colourless  ou,  which  speedily  solidifies. 

Dibromobenzene ciystallises from  etherin  roctangularprismsor  small  plates  (Q-ri  ess), 
oblique  prisms  (Couper);  melts  at  89^  (Couper,  Griess),  and  boils  at  219^ 
(Couper).    It  has  an  aromatic  odour.    (Griess.) 

I,  C^'Br",  has  been  already  described  (i.  643). 

ineyCH'Br*,  has  recently  been  obtained  by  R i  ch  e  and B  £ r  ar  d 
(Ann.  Ch.  Pharm.  cxxxiii.  61^  as  follows : — ^Dibromobenzene  is  prepared  by  exposing 
benzene  to  the  action  of  bromine  in  a  long-necked  flask,  so  that  no  bromine  may  be 
lost,  and  the  resulting  crystalline  mass  is  heated  with  excess  of  bromine  to  160°  in 
sealed  tubes  till  the  tubes  become  filled  with  small  crystals.  These,  which  consist  of 
tetrabromobenzene,  are  separated,  by  recxrstallisation  from  alcohol  in  which  they  are 
but  slightly  soluble,  frv>m  undecomposed  dibromobenzene  which  dissolves  easily  in 
that  liquid.  Tetrabromobenzene  forms  beautiful,  silky,  very  white  crystals,  soli<ufie8 
from  fusion  at  about  160°,  and  volatilises  in  flocks. 

The  bromobenzenes  are  attacked  by  fuming  nitric  acid,  yielding  the  corresponding 
nitrobromobenzenes  (p.  406). 

Chlorobemenes, 

XOBOOIilorolMiiseae.  CRKU — This  compound,  produced  by  the  action  of 
chlorine  or  chloride  of  iodine  on  benzene  (Hugo  Muller,  Chem.  Soc.  J.  xv.  41 ; 
Fittig,  Ann.  Ch.  Pharm.  cxxxiii.  49),  appears  to  be  identical  with  chloride  of  phenyl, 
obtained  by  the  action  of  pentachloride  of  phosphorus  on  phenoL  (Laurent  and 
Gerhardt,  Ann.  Ch.  Pharm.  Ixxv.  79;  Williamson  and  Scrugham,  Chem.  Soc 
On.  J.  vii  238;  Riche,  Ann.  Ch.  Pharm.  cxxi.  367.) 

Preparatum.  1.  From  Benzene, — ^Benzene  absorbs  a  small  quantity  of  chlorine,  and 
if  it  be  exposed  to  light  or  heated  to  the  boiling  point,  hydrochloric  add  is  slowly  evolved, 
and  two  series  of  products  aro  obtained,  viz.  chlorides  of  benzene  C'H'Cl*,  C*H*C1*, 
C«H«C1«,  and  chlorobenzenes  C«H»C1,  C«H«a«,  C«H*C1»,  the  former  being  produced  in 
larger  quantities  than  the  latter.  But  when  chlorine  is  passed  into  benzene  contain- 
ing iodine  in  solution,  a  much  mora  copious  evolution  of  hydrogen  takes  place,  and 
dbdorobenzene,  CHK)1,  is  j>roduced  in  much  larger  quantity,  together  with  the  other 
two  substitution-products  just  mentioned ;  if  the  chlorine  is  in  excess,  a  beautifully 
crystallised  compound  is  likewise  formed.    (HugoMiiller.) 

2.  From  Phenol. — ^When  2  at.  pentachloride  of  phosphorus  are  added  by  small  por- 
tions to  6  at.  phenol,  a  violent  action  takes  place  at  first,  great  heat  being  produced 
and  bydrochlorie  add  evolved ;  but  this  action  soon  ceases  and  it  becomes  necessaiy  to 
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lieat  the  mixtnie.  If  it  be  then  distilled  upwards  till  it  has  nearly  ceased  to  give  off 
hydrochloric  add,  and  the  distillate  sahsequently  collected,  about  |  of  the  whole  distils 
over  below  240°,  and  the  temperature  then  rapidly  rises  above  the  range  of  the  mer- 
curial thermometer.  The  disollate  collected  below  240°  is  a  limpid  colourless  liquid, 
which  whea  washed  with  hot  water  and  subsequently  with  ^tash,  yields  a  thick  oil 
which  settles  to  the  bottom  of  the  vessel ;  and  on  submitting  this  oil  to  fractional 
distHIation,  collecting  apart  the  portion  which  passes  oyer  at  136°  to  138°,  chloride  of 
phenyl  is  obtainecL,  nearly  pure  but  in  small  quantity.  The  brown  liquid  which  distils 
above  the  range  of  the  thermometer  is  phosphate  of  phenyl,  and  constitutes  by  fiir  the 
largest  portion  of  the  product.  When  an  excess  of  chloride  of  phosphorus  is  used  in 
the  preparation,  the  quantity  of  phenylic  chloride  obtained  appears  to  be  stiU  smaller 
than  with  the  above  proportions. 

Chloride  of  phenyl  (obtained  by  the  second  process)  is  a  colourless  mobile  liquid, 
boiling  at  136°  (W.  and  S.),  at  137°  (Biche).  According  to  Laurent  and  Gerhardt, 
it  is  converted  by  water,  and  more  quickly  by  aqueous  potash,  into  phenol : 

C«H»a     +     H«0      =      Ha     +     C«H*0; 

but  according  to  Biche  (Ann.  Ch.  Pharm.  czzx.  256),  it  is  not  attacked  by  potash, 
not  even  when  heated  with  alcoholic  potash  in  a  sealed  tube :  hence  he  regards  the 
compound  obtained  as  above,  not  as  chloride  of  phenprl,  but  as  monochlorobenzene. 

Pure  chlorobenzene  prepai^sd  by  Miiller*s  process  is  likewise,  according  to  Fittig 
(Ann.  Ch.  Pharm.  czzziii.  50),  perfectly  indifferent  to  the  action  of  alcoholic  potash, 
not  yielding  a  trace  of  phenol  or  of  chloride  of  potassium,  even  when  heated  with  it  for 
several  hours.  On  the  other  hand,  Church  (Chem.  Soc  J.  xvi.  76),  by  heating 
benzene  with  hydrochloric  acid  and  acid  chromate  of  potassium,  obtained  a  distillate 
containing,  as  chief  product,  the  compound  C'*H*C1'  or  C>*HK!/1.HC1,  which  when  heated 
with  strong  alcoholic  potadi  yielded  phenol;  but  as  the  chlorinated  compound  used  in 
tSs  experiment  was  the  crude  product  of  the  action  of  nascent  chlorine  on  benzene, 
which  Lad  not  been  submitted  to  any  process  of  purification,  it  is  by  no  means  certain 
that  the  phenol  thus  obtained  really  resulted  from  the  decomposition  of  phenylic 
chloride  or  chlorobenzene.  The  same  crude  distillate  washed  with  aqueous  potash  and 
rectified,  yielded  phenylic  chloride,  which  when  distilled  over  sodium-amalgam  left  a 
residue  containing  phenyl,  CH'*  (p.  409),  together  with  a  small  quantity  of  a  yellow 
crystalline  body,  probably  chrysene,  nO*H\  while  the  distillate  contained,  together  with 
unaltered  benzene,  a  hydrocarbon  boiling  at  91°,  and  likewise  having  the  composition 
O'H*.    (Church.) 

Pure  chlorobenzene  is  not  attacked  by  acetate  of  silver,  by  an  alcoholic  solution  of 
potassic  acetate,  or  by  ammonia.  Heated  with  sodium  it  yields  benzene  (Biche),. 
probably  arising  from  a  trace  of  moisture  (see  page  409). 

lUolilorobeiuBeBep  CH^Cl',  is  obtained  by  heatang  the  chloroplatinate  of  azo- 
chlorophenylamine,  2(C*H*ClN'.HCl).PtCP,  with  carbonate  of  sodium,  and  crystallises 
in  long  needles  or  elongated  four-sided  plates,  having  the  same  peculiar  aromatic 
odour  as  dibromobenzene.     (G-riess,  PhiL  Trans.,  1864,  [3],  705.) 

.  TrleUorobeniMBOf  C*H*C1',  has  been  already  described  (i.  543). 

Hydrochhrate  of  trichlorobenrene,  C*H*C1'  »  C«H*C1*  3HC1,  heated  with  acetate  of 
silver,  yields  compounds  resembling  the  fflucoeides  in  their  power  of  reducing  cupric 
oxide  in  alkaline  solution.    (Bosenstiehl,  Jahresb.  1862,  p.  481.) 

cauorotoromobenaeBef  CH^ClBr,  is  obtained  by  heating  the  chloroplatinate  of 
azobromohenylmine  with  carbonate  of  sodium : 

2(C^"BrN«.Ha)PtCl*     -     2C«H«ClBr     +     Pt     +     a«     +     N«. 

The  crystals  which  condense  in  the  neck  of  the  retort  may  be  purified  by  pressing 
them  between  filter-paper,  distilling  a  second  time,  and  recrystallismg  from  alcohoL 

Chlorobromobenzene  dissolves  rather  slowly  in  alcohol,  but  easily  in  eUier,  and  cits- 
tallises  fh)m  a  hot  saturated  alcoholic  solution  on  cooling,  or  from  the  ethereal  solution 
by  evaporation,  in  white  needles  or  plates  having  a  peculiar  odour  like  that  of  benzene. 
(Griess,  PhiL  Trans.  1864,  [3],  702.) 

lodoben^enes, 

BlonolodobeiiBoiie  or  Xodlda  of  PlieiisrL^Scrugh  am,  bj  treatinff  phenol  with 
iodine  and  phosphorus,  obtained  a  liouid  which,  after  treatmentwith  potash  and  rectifi- 
cation, boiled  at  260°,  and  was  found  to  contain  iodine.  This  liquid  was  presumed  to 
be  iodide  of  phenyl,  but  the  quanti^  obtained  was  not  sufficient  for  a  satisfactory 
investigation  (Chem.  Soc  J.  xiii.  244).  Several  other  chemists  have  attempted 
the  preparation  of  phenylic  iodide,  with  no  better  success. 

Bromiodobensene,  CfH^Brl,  formed  by  boiling  the  perbromide  of  azoiodophenyl- 
ammonium  (perbromide  of  diazoiodobenzene)  C*H*IN'.Br',  with  olcoliol,  crystallises 
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from  ether  oir  aloohol  in  lazge  white  pUte»  whiA  uib  ToUtile  irlthout  daedmpoAitioiL' 
CGriess.) 

Nitrohen^enes, 

Kmio-  and  ]M*aitrobeiiB0iM  hare  been  already  described  (L  648 ;  iv.  69),  The 
former  ia  eonverted  bj  «N2t«fli-ai>ki^>fi  into  aiobeiizeiie  (i.  477): 

2C«H»(N0«)     +     H»      -       C««H'*N«     +     4H«0. 
NitrobenieiM.  AsobeoMDC. 

Fart  ef  the  azobenzene,  however,  takes  up  2  at  hydrogen  more,  and  is  converted  into 
benzidine.   (Werigo,  Ann.  Ch.  Pharm.  cxxzv.  176.) 

mtrobromobenseaef  0*H*(NO')Br,  is  produced  by  the  action  of  fuming  nitric 
acid  on  monobromobenzene  (Couper,  see  L  643).  When  treated  with  reducing  agents 
it  yields  bromaniline,  CH'Brrf.  A  nitro-bromobenzene  having  exactly  the  same 
compoflition  and  properties,  is  produced  by  heating  bromoplatinate  of  fi  azonitro- 
phenylamine  (obtained  from  3  nitraniline)*  with  carbonate  of  sodium  : 

2(C«H»(N0«)N».HBr)Pt'^Br*       -       2C^*(N0«)Br     +     N<     +     Pt     +     Br*;  . 

or  by  heating  the  perbromide  of  $  azonitrophenylanimonium  with  alcohol ; 

C^«(NO«)N»Bi»     -     C«H*(NO*)Br  +  N«  +  Br«. 

It  melts  at  126^t  >^Dd  crystallises  in  long  white  needles  (Griess,  PhiL  Trans.  1864, 
[3],  712).  An  isomeric  compound  distinguished  as  a  nitrobromobenzene  is  obtained  in 
like  manner  from  the  perbromide  of  a  azonitrophenylammoniimL  It  ctystaUxses  in 
rhombic  prisms  which  melt  at  56^  (Griess).  a  and  $  nitrobromobenzene  treated 
with  sulphide  of  ammonium,  yield  respectively  a  and  3  bromaniline.    (Griess.) 

Vftrodibromobeiiaeaet  CH'(NO*)Br',  is  obtained  by  the  action  of  fuming  nitric 
acid  on  dibromobenzene.  When  heated  with  alcoholic  sulphide  of  ammonium  it  yields 
dibromaniline.    (Biche  and  Birard,  Ann.  Ch.  Pharm.  cxxxiii.  6L) 

VttfototrabromobenseBep  C^(NO')Br^,  is  a  crystalline  product  obtained  by 
the  action  of  fuming  nitric  acid  on  tetrabromobenzene.    (R  i  c h  e  and  B  ^  r a  r  d. ) 

VttroeblorolMiiaeBev  G*HXN0*)G1,  produced  by  boiling  monochlorobenzene  with 
strons  nitric  acid,  erystalliaes  in  long  needles,  melts  at  78^  and  solidifies  at  74^.  It 
dissolves  eperinffly  in  water,  easily  in  hot  aloohol  and  in  ether.  By  sulMde  of  est- 
monium  and  other  reducing  agents  it  is  converted  into  chloraniline.  (Biche^  Ann. 
Ch.  Pharm.  cxxi  357.) 

ainltredielilei^benaene,  C*H\N0*)*C1,  is  formed  by  the  action  of  penta- 
diloride  of  phosphorus  on  dinitrophenic  add,  perhaps  thus : 

C*H^O«)*|q     ^     pQ,      ^      O'HXN0«)«Cl     +     PCIH)     +     HCL 

The  resttltinr  yellowish  liquid,  decanted  on  cooling  from  the  excess  of  chloride  of  pfaos- 
phoms,  solidifies  in  a  few  days  to  a  crystalline  mass  which  may  be  washed  with  cold 
and  dissolved  in  hot  aleohoL  The  alcoholic  solution  becomes  milky  on  coding,  and 
deposits  the  compound  as  a  yellow  powder,  which  after  a  few  days  solidifies  in  needles. 
(Laurent  and  Gerhardt,  Ann.  Ch.  Pharm.  Izxv.  79.) 

TiialtrootolorobMuwiMf    VHnltroplMiijIie   diloiiAttt   or  ditoffoplaryl* 

C*H'(N0')'C1. — ^This  compound  is  obtained  by  the  actum  of  1  at  pentachloride  of 
phoephoros  on  I  at.  picric  add : 

C^»(NO«)»0     +     PC1»      -       C*BP(NO«)»a     +     PCIK)     +     HCL 
The  two  bodies  act  violently  on  each  other  at  first,  and  copious  ftames  of  hydrochloric 
add  are  evolved.    As  soon  as  this  action  ceases,  and  oxychloride  of  phosphorus  begins 
to  pass  over,  the  retort  must  be  removed  from  the  fire,  because  the  chloropicryl  would 
be  decomposed  by  further  heating,  and  a  resinous  substance  formed :  hence  the  chloro- 

fidyl  cannot  be  completely  purified  from  oxychloride  of  phosphorus  by  distillation, 
t  is  a  yellow,  solid  body  havine  an  agreeable  odour.  Water  decomposes  it>  forming 
hydrochloric  and  picric  adds.  It  dissolves  in  alcohol  and  in  ether.  Carbonate  of  am- 
monium converts  it  into  picramide  (q,  v.),    (Pisani,  Ann.  Ch.  Pharm.  xaL  326.) 

ZOBIBB  OV«    See  Iodobkkzbnb,  p.  415. 

OZDM  OV.    (CH^)*0. — ^This  compound  appears  to  be  formed  by 
heating  chloride  of  phenyl  with  phenate  of  sodium:  C*H*Ci  +  C*H»NaO  »  NaCl 

*  m  nitraolUne  ti  tho  bate  produced  by  the  action  of  lulphlda  of  ammonium  on  dlnltrobensane ; 
ft  nitraniUna  It  the  Uomerie  compound  obuiurd  by  distilling  certain  nitrntrd  phanjriainides  with 
potash  (see  Phbnylj^minbsI-  This  Is  the  mode  of  distinction  proposed  by  Hermann,  and  generally 
adopted.  In  Oriess*s  paper,  howeTer,  above  referred  to,  the  meaning  of  the  prefixes  a  and  ft  is  rcTersea. 

t  According  to  Couper,  nitrobromol>enB»ne  prepared  by  the  action  of  nitric  acid  on  beascne,  melts 
below  9QP ;  but  Rriets  has  shown  that  the  product  thus  obtained  melts  at  exactly  the  same  point  as  that 
prepared  from  the  ptatinum-salt  of  «  aaonitrophenylamlne. 
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-¥  (C*H')'0  :  the  formation  of  chloride  of  sodinm  was  observed,  but  no  distillate  was  ob- 
tained (Scrngham).  List  and  Limpricht  (Ann.  Ch.  Pharm.  xc.  209),  by  subjecting 
benzoate  of  copper  to  dr^  distillation,  obtained,  amongst  other  producti(|  a  colourless  oil, 
boiling  at  260^,  and  yielding  by  analysis  84*3o — 84 '60  per  cent,  carbon  and  5*99 
hydrogei^nambers  agreeing  nearly  with  the  composition  of  phenyl ic  oxide,  which  re- 
quires 84*70  per  cent,  carbon,  6*88  hydrogen,  and  10*42  oxygen.*  This  oil  had  an 
agreeable  odour  of  geraniums,  was  insoluble  in  water,  sparingly  soluble  in  alcohol,  veiy 
soluble  in  ether.  &  was  not  decomposed  by  alcoholic  potash,  but  when  heated  with 
strong  sulphuric  acid  it  yielded  a  white  crystalline  body  having  very  nearly  the  com- 
\  position  of  phenyl,  C»'H'»  (p.  409). 

^  PHnnm,    BVXiPBZSSS    or.     Protosulpkide,   C''H>«a      (Stenhonse, 

%  Proc.  Roy.  Soc  xiv.  3ol.) — This  compound,  or  a  booy  isomeric  with  it,  is  obtained  by 

the  dry  distillation  of  sulphobenzolate  of  sodium,  C*H*NaSO".  When  this  salt,  in  the 
form  of  dry  powder  and  in  quantity  not  exceeding  25 — 30  grammes,  was  heated  in  a 
copper  flask,  an  oily  body  covered  with  a  layer  of  wat-er  condensed  in  the  receiver,  and 
a  considerable  quantity  of  carbonic  and  sulphurous  anhydrides  was  evolved,  while 
carbonaceous  matter  and  carbonate  of  sodium  remained  behind.  The  crude  oil  began 
to  boil  at  about  80^,  between  which  temperature  and  110^,  water  and  benzene  passed 
over.  The  boiling  point  then  rose  quickly  to  290^,  at  which  temperature  the  greater 
portion  of  the  liquid  distilled  over,  leaving  a  b1:vck  tarry  residue ;  and  this  when  more 
strongly  heated  gave  a  further  quantity  of  an  oily  body  which,  when  rectified,  yielded 
the  substance  boiling  at  about  29i)°,  and  above  300^  a  liquid  which  after  standing  for 
some  weeks  deposited  a  few  crystals. 

The  oil  boihng  between  290^  and  300^,  which  amounted  to  about  two-thirds  the 
weight  of  the  crude  oil,  yielded  on  rectification  an  oil  boiling  very  constantly  at  292*6^, 
and  containing,  after  further  rectification  in  a  current  of  hydrogen,  77*12  per  cent 
carbon,  5*38  hydrogen,  and  17*49  sulphur  (mean),  agreeing  nearly  with  the  formula 
C»*H»»S,  which  requires  77*41  C,  6*38  H,  and  17*20  a 

Sulphide  of  phenyl  is  nearly,  colourless,  with  only  a  very  faint  yellow  tinge,  and  has 
an  aromatic  but  slightly  alliaceous  odour.  It  has  a  high  refractive  power,  specific 
gravity  1*09,  and  boils  at  292*5°.  It  is  insoluble  in  water^  very  soluble  in  hot  spirit, 
from  which  it  partially  separates  on  cooling,  and  is  miscible  in  all  proportions  with 
cther^  benzene^  and  sulphide  of  carbon.  Its  alcoholic  solution  mixed  with  platinio  chlo' 
ride  gives  a  slight  flocculent  precipitate,  which  on  standing  resolves  itself  into  a  red- 
dish-coloured oil.  Nitrate  of  silver  and  mercuric  chloride  give  no  precipitate.  It  dis- 
solves sparingly  in  cold  strong  sulphuric  acidf  forming  a  red  solution;  but  on  raising  the 
temperature  the  whole  dissolves,  forming  a  greenish-black  liquid,  which  becomes  colour- 
less when  largely  diluted  with  water,  and  on  neutralisation  with  chalk  yields  an  organic 
calcium-salt.  The  solution  of  the  oil  in  strong  sulphuric  acid  blackens  and  gives  off 
sulphurous  anhydride  when  very  strongly  heated.  It  is  not  acted  upon  by  solutions  of 
the  alkalis,  either  aqueous  or  alcoholic,  but  is  decomposed  by  heating  with  solid  potash. 

Sulphide  of  phenyl  heated  with  gtrone  nitric  acidy  or  with  acid  chromate  o/jjotassium 
and  dilute  sulphuric  acid^  is  converted  into  a  crystalline  substance  having  the  compo- 
sition of  Mitscherlich's  sulphobcnzene,  C'-^H'^SO',  but  differing  from  it  greatly 
both  in  chemical  and  in  physical  pro2)ertic8:  hence  for  distinction  called  snlpho- 
benzolene  {q,  v,). 

Bisulphide,  C"H'«S«.  (C.  Vogt,  Ann.  Ch.  Pharm.  cxix.  142.)— This  compound 
is  produced  from  phenylic  sulphydiute  or  phonyl-mercaptan :  1.  liy  oxidation  with 
nitric  acid : 

2(C«n»)HS   +   IINO»     «     (C«n»/3«  +   NO*  +  WO. 

When  phenyl-raercapt4in  is  gently  honU'd  YnXh  nitric  acid  of  specific  gravity  1*2  in  a 
retort  connected  with  the  beak  of  a  Liebig*s  condenser  till  red  fumes  begin  to  escape, 
the  action  goes  on  of  itself  without  further  hciiting,  and  at  its  termination,  the  oil,  which 
at  first  floats  on  the  top  of  tiie  liquid,  sinks  to  the  bottom,  and  solidifies  on  cooling  to  a 
crystalline  mass  which,  when  washed  with  water  and  dissolved  in  boiling  alcohol,  yields 
by  spontaneous  evaporation  needle-shaped  crystals  of  disulphide  of  phenyl. — 2.  A  solu- 
tion of  phenylic  mercaptan  in  aleohdic  ammoniai,  left  tu  evaporate  spontaneously  at 
ordinary  temperatures  in  a  wjde  cylindrical  veswl  half  filled  with  it,  also  yields  cr^'Stala 
of  the  disulphide. — 3.  A  small  quantity  of  this  compound  is  cbt  lined  in  the  preparation 
of  phonyl-mercaptan. 

Disulphide  of  phenyl  is  obtained  by  the  first  metliod  in  long  white  shining  neetlles;  by 
the  second  in  beautiful  regularly  developed  crystals  half  an  inch  long,  and  having  the  form 
of  orthorhombic  prisms  with  truncation  of  the  macrodiHgimnl  and  brachydiagonal 

•  Ll^t  and  WmprlrUt  tus'gne'l  to  It  lh«»  fonnuln  C»/rO«.  whtch  n«q«iiT»»»  M'fl  C  j»nd  '/T.l  II. 
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lateral  edges,  and  terminated  bj  a  simple  dome.  It  has  a  faint  not  unpleasant  odour, 
is  insoluble  in  watery  but  easily  soluble  in  alcohol  and  ether;  melts  at  60^  to  a  yellowish 
oil,  which  when  left  at  rest  sometimes  does  not  solidify  till  cooled  to  25^.  Though  but 
slightly  volatile,  it  distils  without  decomposition  at  a  somewhat  high  temoerature. 
Nascent  hydrogen  evolved  by  zinc  and  hycbocbloric  acid,  converts  it  into  phAyl-mer- 
captan.  By  the  prolonged  action  of  nitric  acid  it  is  converted  into  phenylsulphuioua 
acid,  C»H«SO». 

PBsanr^  smbparrBSATir  or.    Gil's    »    ^'h*[^'    P^^y^^^^^^^P^^ 

(Vogt,  ^.  cit,);  Bcnzylic  SvJphydrate^  or  Benzylic  il/creopten  (Kolbe). — ^Produced 
by  the  action  of  nascent  hydrogen  on  sulphophenylic  chloride : 

C«H*S0*C1  +  H«     «     C«H«S  +  HCl  +   2W0. 

It  is  prepared  by  pouring  dilute  sulphuric  acid  upon  zinc  in  a  capacious  flask,  and 
addiug  sulphophenylic  chloride  as  soon  as  the  evolution  of  hydrogen  becomes  rapid, 
taking  care  that  the  zinc  projects  considerably  above  the  oily  liquid  at  the  botton.  On 
distilling  the  liquid  after  twenty-four  hours,  the  phenylic  sulphydrate  passes  over  with 
the  aqueous  vapour,  and  collects  as  an  oil  in  the  receiver.  The  residual  saline  solution 
contains  a  small  quantity  of  phenylic  disulphide.  When  large  quantities  of  material 
are  operated  on,  it  is  best  to  subject  the  oil  to  a  second  treatment  with  zinc  and  sul- 
phuric acid. 

Phenylic  sulphydrate  is  a  colourless,  mobile,  strongly  refracting,  oilv  liquid,  having 
an  intensely  disagreeable  odour.  Specific  gravity  1*078  at  14^.  Boiling  point  about 
165^.  It  bums  with  a  bright  white  flame.  When  placed  on  the  skin  it  produces  a 
burning  pain  ;  its  vapour  attacks  the  eyes  and  produces  giddiness.  It  is  not  miscible 
with  water^  but  nevertheless  imparts  its  odour  thereto  ;  it  dissolves  easily  in  alcohol^ 
ether,  benzene  and  stdphide  of  carbon.  It  dissolves  siflphur  with  yellowish,  and  iodine 
with  red-brown  colour. 

Phenyl'Stdphides  or  Phenyl-mercaptides. — Phenylic  sulphydrate^  like  the  correspond- 
ing ethylic  compound  (ii.  647),  is  capable  of  exchanging  its  typic  hydrogen  for 
metals. 

The  cupric  salt,  C"H'*Cu"S*  is  precipitated  as  a  pale  vellow  powder  on  mixing  the 
alcoholic  solutions  of  phenylic  sulphydrate  and  cupnc  acetate.  The  lead^aJt, 
C**H"'Pb"S*,  obtained  in  like  manner,  is  a  yellow  crystalline  body,  which  has  a  silky 
lustre  when  dry,  becomes  cinnabar-red  at  120°,  yellow  again  at  200°,  melts  above  230° 
to  a  red  liquid,  and  solidifies  again  to  a  yellow  mass  on  cooling. 

Mercury-salt,  C''H"Hg"S*. — Phenyl-mercaptanacts  very  violently  on'mercuric  oxide; 
when  a  drop  of  it  is  let  fall  on  the  dry  oxide,  great  heat  is  produced  and  the  whole 
mass  is  scattered  about,  and  even  the  dilute  alcoholic  solution  becomes  very  hot  in  con- 
tact with  mercuric  oxide.  The  mercuric  phenylsulphide  produced  by  this  reaction 
crystallises  from  alcohol  in  white  capillary  needles,  having  a  silky  lustre  when  dry. 
On  mixing  the  alcoholic  solutions  of  mercuric  chloride  and  phenyl-mercaptan,  the 
double  salt>  C"H*"Hg"S.Hg"CP,  is  produced,  and  crystallises  from  a  boiling  alcoholic 
solution  on  cooling  in  white  laminae. 

Phenyl-sxdphide  of  Silver,  C"H*AgS,  is  precipitated  as  a  pale  yellow  crystalline  pow- 
der on  mixing  the  alcoholic  solutions  of  phenyl-mercaptan  and  nitrate  of  silver.  Auru: 
and  plaiinic  chlorides  form  brown  precipitates. 

The  sodium-salt,  C*H*NaS,  is  formed,  with  evolution  of  hydrogen,  on  adding  sodium 
to  phenyl-mercaptan,  and  remains  as  a  white  saline  mass  on  expelling  the  excess  of  the 
mcrcaptan.  Carbonic  anhydride  passed  into  the  alcoholic  solution  of  this  salt  forms 
the  compound  C'H*NaO*3,  just  as  salicylate  of  sodium,  C'H*NaO',  is  formed  from 
phenate  of  sodium,  C'H*NaO. 

PBEWTXi-ACETAMXBZS  or  Accianilide,  C^H^NO  =  (  C"H»)(C«H«0)HN.  (G  e  r  - 
hardt,  Ann.  Ch.  Pharm.  Ixxxvii.  164.)— Produced  by  the  action  of  aniline  upon  acetic 
anhydride  or  chloride  of  acetyl : 

C*H«0«       +     O'H'N      -       C'H'^0     +     2H«0. 

C*H»0C1    +     C«IPN      =       CH'NO     +     HCL 

It  crystallises  in  colourless  shining  laminae,  melts  at  112°,  and  solidifies  in  a  crys- 
talline mass  on  cooling;  distils  without  decomposition.  Sparingly  soluble  in  cold, 
moderately  soluble  in  hot  water,  also  in  alcohol  and  ether.  Is  scarcely  acted  upon  by 
boiling  potash-ley,  but  fused  hydrate  of  potassium  decomposes  it  imm^ately,  forming 
aniline  and  acetate  of  potassium. 

Phenylacetamide  treated  with  ^owm'tic yields  mono-  and  di-bromophenylacet- 
amide  according  to  the  proportions  used ;  similarly  with  chlorine  (Mills,  Proc.  Roy. 
Soc.  X.  589.— Grioss,  Ann.  Ch.  Pharm.  cxxi.  267).  Vfith  fuming  nitric  acid  it  yields 
nitrophenylacetamide.     (Hofmann,  Proc.  Roy.  Soc  x.  o89.) 
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EC  ACZ1I8.  AttUic  acids. — Amio  acids  in  which  tho  hydrogen  is 
more  or  less  replaced  by  phenyl,  and  containing  the  elements  of  aniline  and  apolybasic 
add  minus  the  elements  of  water :  e,  g, 

C»H» 
H 

H 

Aniline. 


H.C«H»  )jj 
(C^H*0»)">Q 
H      J 

Phenysucclnamlc 
acid. 

(C-HH)r}o 
Pbenylcltniniic  add. 

(C«H»0*r  [o 

Diphcnylcltramic 
acid* 


h 


|o«    - 


IPO. 


Succfnic 
acid.. 


H 
H 

Aniline. 

2 


'|n     +     (C^Tjo.     -'2H^0. 


Citric  add. 

(c«H»o«y 


!- 


2H20. 


They  are  produced  either  by  direct  elimination  of  water  from  salts  of  aniline,  or  by 
heating  aniline  with  excess  of  the  corresponding  acids,  or  by  heating  the  corresponding 
phenylimides  with  aqueous  ammonia  (see  Aanc  Acids,  i.  167).  The  individual  phenyl- 
amic  acids  are  described  in  connection  with  the  corresponding  primary  amic  acids  (see 
Casbamic  Acid,  i.  751 ;  Citric  Acid,  Amides  of,  i.  1000 ;  Oxamic  Acid,  iv.  281). 

9HMM  H  L  AUffTDBB  or  AXIXLZBZS8.  Amides  in  which  |  of  the  hydrogen  is 
replaced  by  phenyl.  They  contain  the  elements  of  neutral  salts  of  aniline  mintts  1,  2, 
or  3  at.  water,  according  as  the  acid  is  monobasic,  dibasic  or  tribasic :  e,  g. 


C«H»  >N 
H     ) 

Ptienyl-bensamide. 

C'HW.CH'N 
Benaoate  of  aniline. 

-      IPO. 

(CWO«)") 
(C«H»)«   In«       = 

IS?     ) 

Fhenyl-Bucdn- 
amide. 

C»H«0*.2C«H^ 
Succinate  of  aniline. 

-    2H*0. 

(C'H^O*)'") 
Fbeoyl-citramide. 

C«H"0^3C«H'N 
CitMte  of  aniline. 

-     3H'0. 

They  are  formed  by  dry  distillation  of  the  aniline-salts,  or  by  the  action  of  acid  anhy- 
drides, or  chlorides  of  acid-radicles,  on  aniline. 

Phentlimides  or  Aiols. — Tertiary  monamides  in  which  2  at.  H  are  replaced  by 
a  diatomic  acid-radicle,  and  the  remaining  atom  by  phenyl.  They  are  produced 
from  acid  salts  of  aniline  by  elimination  of  2  at.  water,  and  may  be  regarded  as  aniline, 
in  which  2  at.  H  are  replaced  by  a  diatomic  radicle :  t.  g. 


Ptienyl-iucciniinide. 


c^B*o\(yiim   -    2IP0. 

Acid  f  ucclnate 
of  aniline. 


Heated  with  aqueous  ammonia,  they  take  up  1  at^  water  and  are  conrerted  into  tho 
corresponding  phenylamic  acids :  e.  g. 

C»<»H»NO«     -h     IPO       c,       C>»H"NO». 
Phony  1-gucclnimlde.  Phenyi.succinamic 

acid. 

PHSW  y  ¥■  MtJlKEBm    Organic  bases  derived  from  ammonia  by  the  substitution  of 
one  or  more  atoms  of  phenyl  for  an  equivalent  quantity  of  hydrogen. 

A.  Pbenyl-monamlnes. 

C*H*/ 
Monopbenylamlne  or  Aniline.  OII'N  «•     tts  [N.    Crystalline^  KyancH^  Ben- 

gidam,  Phenamide,  Amidophinase. — Begarded  by  Griess  as  ainido^binzcney  C*H*(NH*), 
by  L.  Gmelin  as  C*H*N.H*.  (Undverdorben,  Pogg.  Ann.  viii.  397. — Runge,  ibid^ 
zxxi.  65,  613;  xzzii.  331. — ^Fritzsche,  J.  jpr.  Ghcm.  xz.  463;  xxvii.  163;  xxviii. 
202. — Zinin,  ibid,  xxvii.  149  ;  xxxvi.  98. — Hofmann,  Ann.  Ch.  Pharm.  xlviL  31 ; 
liii.8;  Ivii.  266;  IxvL  129;  Ixm  61,  129;  Ixx.  129;  Ixxiv.  117;  Ixxv.  Zfi%. ^Report on 
Chemical  Products  and  Processes  in  the.  International  Exhibition  of  1862,  p.  123.—' 
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Muspratt  and  Hofmann,  Ann.  Ch.  Pharm.  liii.'221;  Ini.  210.— Laurent,  Compt. 
rend.  xvii.  1366;  Rev.  scient  xviii.  278,  280.— Gerhardf)  J.  Pharm.  [3]  ix.  401; 
X.  6. — Laurent  and  Gerhardt>  Ann.  Ch.  Phys.  [3]  xxiv.  163. — Gm.  xi.  246. — 
Gerh.  iii.  79.) 

History. — Aniline  waa  discovered  in  1826  byUnverdorben,  who  obtained  it  from 
indigo  and  called  it  crystallinef  on  account  of  the  faeilitj  with  which  its  salts  assume  the 
crystalline  form  :  the  name  aniline  is  derived  from  anil,  a  Portuguese  name  of  the  indigo 
plant.  Aniline  has  been  especially  studied  byHofmann,  Fritzsche,  Zinin,  and 
Gerhardt,  who  have  obtained  from  it  a  large  number  of  compounds  and  derivatives. 
For  some  time,  however,  it  remained  au  object  of  purely  scientific  interest^  and  was  not 
applied  to  any  technical  purpose ;  but  within  the  last  ten  years  it  has  acquired  great 
industrial  importance,  and  is  now  manufactured  in  enormous  quantities,  on  account  of 
the  splendid  dyes  which  it  is  capable  of  yielding. 

Formation. — Aniline  is  produced  in  a  great  number  of  reactions :  1.  By  heating 
phenol  with  ammonia  in  a  sealed  tube  for  a  fortnight  or  throe  weeks  (Laurent): 

C«H-0     +     NH»       =       C^'N     +     H-O. 

2.  From  nitrobenzene  by  the  reducing  action  :  a.  Of  sulphy  dric  acid  in  presence 
of  idcohol  and  ammonia  (Zinin): 

O»H»N0*     +     3H«S       -       C«H'N     +     2H«0     +     S«; 
fi.  Of  zinc,  in  presence  of  hydrochloric  acid  (Hofmann) : 

C«H*NO«     +     H«       -       C^'N     +     2H*0; 

7.  Of  ferrous  acetate : 

C«H»NO«     +     6F0O     +     H*0       -       Cm^     +     3Fe«0*; 

ferrous  sulphate,  oxalate,  and  chloride  do  not  exert  any  reducing  action  on  nitrol)enzene 
(B6champ,  Ann.  Ch.  Phys.  [3]  xlii.  186). —  9.  Of  a  hot  solution  of  arsenious  acid  in 
caustic  soda  (Wohler,  Ann.  Cn.  Pharm.  cii.  127) : 

2C«H*N0»     +     3As«0»     +     2H«0       -       2C^'N     +     3Ab«0»; 

c.  Together  with  azobenzene  and  oxalic  acid,  by  distilling  nitrobenzene  with  alcoholic 
potash: 

2C«H«N0«  +  C*H«0   +   2KH0     -     C-BTO  +   C«H»N   +   C*KK)*  +  2H«0; 

(.  According  to  Let heby  (Chem.  Soc  J.  xvi.  161)  nitrobenzene  is  converted  into 
aniline  in  the  stomach. 

3.  By  the  dry  distillation  of  the  isomeric  compounds  phenyl-carbamic  acid 
(Fritzsche),  salicylamide  and  nitrotoluene  (hydride  of  nitrobenzoyl)  (Hof- 
mann and  Muspratt) : 

C'H'NO*      -       C-H'N   +   C0«. 

4.  By  the  action  of  phosphoric  anhydride,  chloride  of  zinc,  or  hydrochloric  acid  on 
diphenylcarbamide  and  diphenyl-sulphocarbamide  (H  0  f  m  a  n  n,  Proc.  Koy.  Soc.  ix.  274) : 

C»»H'«N«0       =       C«fl'N     +     C^H'NO. 

Diphenyl-carba-  Aniline.  Phenylic 

mide.  cyanate. 

C"H'«N«S       -       C«H^     +     C'H*NS. 

Diphenyl-tulpbo-  Aniline.        llienytic  sulpho- 

carbamide.  cyanate. 

6.  By  the  distillation  of  azoxybenzenc.    (Zinin,  L  479.) 

6.  By  distilling  indigo  per  se  (Unverdorben),  or  with  very  strong  aqueous 
potash  (Fritzsche);  also,  by  distilling  isatin  with  potash  (Hofmann): 

C»H*NO     +     4KH0     -!-     H«0       «       C'H'N     +     2K'C0»     +     H«. 

Indigou 

C«H»NO«    +     4KH0  =       C^'N     +     2K«C0«     +     H«. 

Ifatin. 

7.  Aniline  is  found  among  the  products  of  the  distillation  of  coal  (Kunge);  of 
peat  (Vohl,  J.  Pharm.  [3]  xxxvL  319)  ;  and  of  bones  (Anderson). 

According  to  P  hip  son,  certain  fungi  of  the  genus  Boletus  (B.  cyanescens  BSid  B, 
luridus\  the  tissue  of  which  acquires  a  transient  blue  colour  when  triturated  in  contact 
with  the  air,  contain  aniline. 

Preparation. — 1.  From  Ifiirobcnzene. — Of  the  various  modes  of  converting  nitro- 
benzene into  aniline,  the  reduction  by  ferrous  acetate  is  the  only  one  that  is  now  used 
as  a  practical  method  of  preparation.    It  is  by  this  method  indeed  that  the  large  quan- 
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titles  of  aniline  required  for  the  production  of  aniline  colours  are  prepared.  The  nitro- 
benzene is  mixed  with  acetic  acid  in  cast-iron  vessels,  and  cast-iron  turnings  or  filings 
are  very  gradually  added,  care  being  taken  that  the  heat  produced  by  the  reaction  does 
not  rise  too  high.  Equal  weights  of  the  three  substances  are  \eTy  convenient  pro- 
portions. The  mixture  is  soon  converted  into  a  solid  or  semi-solid  mass,  consisting 
principally  of  ferrous  acetate  and  acetate  of  aniline.  This  is  distilled,  either  alone  or 
with  addition  of  lime,  in  large  cast-iron  cylinders,  the  mass  being  gradually  rsiised  to  a 
red  heat.  The  distillate  may  vary  in  composition,  but  it  generally  consists  of  acetone, 
aniline,  unaltered  nitrobenzene,  and  other  products  arising  from  the  impurities  of  the 
nitrobenzene.  If  the  iron  and  acetic  acid  are  used  in  great  excess,  the  decomposition, 
as  observed  by  Scheurer-Kestner,  may  go  too  for,  so  as  to  reproduce  benzene,  with 
eimnltaneouB  evolution  of  ammonia : 

SC'H'N  +  Fe«  +   3HH)     -     30H*  +   8NH"  +  Fe«0". 

The  crude  aniline  mixture  is  redistilled,  and  the  aniline  obtained  sufficiently  pure  for 
manufacturing  purposes,  by  collecting  the  portions  distilling  between  175^  and  190°. 
It  may  be  fimher  purified  by  distillation  with  pot<ash,  and  subsequent  rectification. 

According  to  A.  Krem  er  (J.  pr.  Chem.  xc.  256),  nitrobenzene  may  be  advantageously 
converted  into  aniline  by  means  of  zinc-dust  and  water,  without  the  aid  of  an  acid : 

C«H»(NO»)  +  Zn»  +   H«0     =     C«H'N  +   SZn^O. 

From  2  to  2|  pts.  of  zinc-dust  (the  product  containing  from  80  to  95  per  cent,  of  the  metal 
which  passes  over  it  in  the  reduction  of  zinc-ore  at  the  commencement  of  the  distil- 
lation), are  heated  with  5  pts.  water  and  1  pt  nitrobenzene  in  a  retort  with  a  conden- 
sing tube  directed  upwards,  a  gentle  heat  being  applied  at  firsts  and  afterwards  raised 
to  me  boiling  point.  When  the  transformation  is  complete  (which  may  be  known  by 
the  perfect  solubility  of  the  product  in  dilute  hydrochloric  acid),  the  anihne  (amounting 
to  63 — 65  per  cent  of  the  nitrobenzene)  is  distilled  off  with  water.  The  reduction  may 
also  be  effected,  though  much  more  slowly,  by  iron  reduced  with  hydrogen. 

2.  From  Cofd-tar. — Aniline  exists  ready  formed  in  coal-tar  oil,  but  mostly  in 
small  quantity,  not  exceeding  1  per  cent.,  so  that  its  separation  cannot  be  advan- 
tageously performed,  excepting  when  very  large  quantities  (from  1000  to  2000  lbs.)  are 
to  be  operated  on.  The  coal-tar  oil  is  shaken  up  in  carboys  with  strong  hydrochloric 
acid;  and  the  watery  laver  below  the  oil  is  removed  with  a  syphon,  filtered  through  coarse 
paper  and  distilled  with  excess  of  slaked  lime  in  a  copper  still.  The  distillate  thus 
obtained  is  a  mixture  of  ammonia,  pyridine,  picoline,  aniline,  leucoline  (coal-tar  chino- 
line,  iii.  583)  and  other  bases  nearly  allied  to  the  last^  the  three  first  mentioned  bases, 
or  the  others,  predominating  according  as  a  more  or  less  volatile  coal-tar  oil  has  been 
used.  The  so-called  "dead  oil"  which  sinks  in  water  (i.  1038)yields  when  thus  treated 
scarcely  anything  but  aniline  and  leucoline  bases;  and  from  this  mixture  the'aniline 
may  be  separated  by  the  process  described  under  CHiNeLmB  (l  870). 

3.  From  Indigo. — ^Pulverised  indigo  is  introduced  into  very  strong  aqueous  potash 
contained  in  a  retort;  the  resulting  brown  mass  is  heated  as  long  as  ammoniacal  water 
and  a  brown  oil  pass  over  with  intumescence ;  and  the  oil  is  separated  by  distillation 
into  a  brown  resinous  residue,  and  a  colourless  distillate  of  aniline,  amounting  to  20 
per  cent,  of  the  indigo.    (Fr i  tz s  c h e.) 

Properties, — ^Aniline  is  a  transparent,  colourless,  mobile,  oily  liquid,  having  a  faint 
vinous,  not  unpleasant  odour,  and  an  aromatic  burning  taste.  It  retiuns  its  mobility  at 
20°,  but  solidifies  at  the  temperature  of  a  mixture  of  ether  and  soUd  carbonic  acid.  It 
boils  at  182<>  (Hofmann).  Specific  gravity  «  1*020  at  16°  (Hofmann),  1*028 
(Fritzsche).  Vapour-density,  obs.  =«  3210;  calc.  (2  vol.)  =  3-234.  Index  of 
refraction  b  1'577  (Hofmann).  It  is  a  non-conductor  of  electricity.  Its  vapour 
bums  with  a  bright  but  smoky  fiame.  It  exerts  a  deleterious  action  on  the  animal 
organism:  half  a  gramme  mixed  with  l|  grm.  of  water  and  sprinkled  into  the  mouth 
of  a  rabbit,  produced  strong  cramps,  then  laborious  breathing,  loss  of  strength,  dilated 
pupils,  and  mflammation  of  the  mucous  membrane  of  the  mouth ;  when  dropt  into  tho 
eye,  it  does  not  dilate  the  pupil  (H o f  m a n n).  According  to  Schuchardt  ( Jahresb. 
1861,  p.  495),  fro^  immersed  in  water  containing  I  pt.  in  8000  of  aniline,  die  in  two 
or  three  hours.  Eight  drops  killed  a  frt>g  in  a  quarter  of  an  hour,  and  thrre  drops 
applied  to  a  wound  in  the  back,  caused  death  in  two  hours.  A  dose  of  50  to  100  drops 
killed  rabbits  in  four  to  six  hours.  According  to  W 5 h  1  e r  and  Frerichs  (Ann.  Ch. 
Fharm.  Ixv.  343),  aniline  does  not  exert  any  poisonous  action  upon  dogs.  The  aqueous 
solution  kills  leedies,  and  parts  of  plants  immersed  in  it    (Runge.) 

Aniline  dissolves  in  all  proportions  in  ethtr,  alcohol,  wood-spirit,  acetone,  sulphide  of 
carbon  and  oils,  both  fixed  and  volatile.  It  is  slightly  soluble  in  water,  and  lik^jwise 
takes  up  a  small  quantity  of  that  liquid.     The  aqueous  solution  has  an  extremely  weak 
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alkaline  reaction,  affecting  only  the  most  delicate  test-papers ;  it  does  not  blue  reddened 
litmus  or  redden  tunnerie,  but  it  changes  the  yiolet  colour  of  dahlias  to  green.  Aniline 
dissolve's  svlphur  abundantly ;  sllso phosphor vs^  camphor  and  colophony ^  but  not  arsenic, 
copal  or  caoutchouc.  It  produces  a  bright  Tiolet-blue  colour  with  chloride  of  lime  and 
other  hypochlorites,  blue  vith  sulphuric  acid  and  acid  chromate  of  potassium^  and  reds 
of  Tarious  depth  and  brightness  when  heated  with  tetrachloride  of  carbon^  stannic 
cfUoride,  arsenic  acid,  fumina  nitric  add,  mercuric  nitrate^  and  some  other  salts. 
It  imparts  a  deep  yellow  colour  to  pine-wood  and  eldir  pith,  a  cbaracter  however 
likewise  exhibited,  tnough  in  a  less  degree,  by  other  bases,  namely  coninc,  cinnauiine, 
leueolino  and  nuphthylamiue. 

The  aqueous  solution  of  aniline  precipitates  the  bases  from  ferrous,  ferric,  zinc,  and 
ahiminium  salt-?.  With  platinic  and  palladious  chlorides  it  forms  yellow  double  salts  ; 
with  chloride  of  gold  a  red-brown  double  salt ;  with  mercuric,  antimonic  and  stannic 
chlorides,  white  double  salts.  It  forms  with  infusion  of  galls  a  brownish-yellow  floc- 
culent  precipitatts  soluble  in  alcohol  and  in  hot  water,  and  coagulates  albumin. 

Decompositions. — 1.  When  aniline- vapour  is  passed  through  a  red-hot  glass  tube, 
charcoal  is  deposited,  ammonia  and  hydrocyanic  acid  ure  given  off,  and  a  brown  liquid 
condenses  in  the  receiver,  which,  after  the  undecomposed  aniline  has  been  saturated 
with  an  acid,  yields  by  distillation,  benzene  boiling  at  80^,  and  benzonitrile  (cyanide 
of  phenyl)  boiling  at  190° — 195^.  The  formation  of  the  latter  is  probably  due  to  the 
action  of  the  hycLrocyanic  acid  on  another  portion  of  the  aniline,  C*H'N  +  CNH  = 
CH^N  +  NH'.  A  small  quantity  of  an  indifferent  crystalline  substance,  and  an  oily 
base  of  high  boiling  point  are  likewise  found  among  the  products  of  the  decomposition. 
(Hofmann,  Proc.  lioy.  Soc.  xii.  383.) 

2.  When  exposed  to  the  air,  it  turns  yellow,  red  and  brown,  and  forms  a  resin 
which  dissolves  with  yellow  colour  in  water,  the  cluingo  taking  place  more  quickly  aa 
the  temperature  Is  higher:  hence  in  distilling  aniline  it  is  necessary  cither  to  use 
a  brisk  fire,  or  to  pass  a  stream  of  hydrogen  or  cai'bonic  anhydride  through  the 
apparatus. 

3.  Aniline  treated  with  dilute  sulphuric  acid  and  peroxide;  of  manganese,  yields  a 
small  quantity  of  qui  none  together  ^ith  ammonia: 

C«H'N   +   0«     «     C«H*0«   +   NIP. 

The  greater  part  of  the  aniline  appears  however  to  undergo  a  further  decomposition 
(Ilofmann,  Proc.  Roy.  Soc.  xiii.  4).  The  formation  of  ammonia  in  this  reaction  was 
also  observed  byMatthiessen  {ibid. ix.  C37 ). 

4.  Aniline  takes  fire  in  contiict  with  chromic  anhydride  (CrO*),  and  bums  with  a 
bright  flame  and  agreeable  odour,  leaving  a  residue  of  green  chromic  scsquioxide,  Cr*0*. 
(Ilofmann.) 

5.  An  aqueous  solution  of  chromic  acid  forms  with  aniline  or  its  sjilts,  a  green,  blue, 
or  black  precipitate,  according  to  the  concentration  of  the  solution  (Fritzsche). 
Aniline  or  an  aniline-salt  moisti^ncd  on  a  porcelain  dish  with  a  f(!W  drops  of  stdphuric 
acid  and  solution  of  potassic  chromate,  produces  a  bright  but  transient  blue  coloration 
(Beissenhirtz,  Ann.  Ch.  Pharm.  IxxxviL  376).  On  this  reaction  is  foimded  the 
preparation  of  mauve,  or  aniline-violet  discovered  by  Perkin  (see  Appendix 
lo  this  article). 

6.  With  solutions  of  alkaline  hypochlorites,  diloride  of  lime,  for  example,  aniline 
exhibits  a  deep  violet-purple  coloration  gradually  passing  into  dingy  red  (Runge). 
This  reaction  affords  a  very  delicate  test  for  aniline ;  it  is  hkewise  exhibited,  though 
still  more  transiently,  by  aniline-salts.  The  purple  colour  is  not  altered  by  alkalis; 
acids  change  it  to  red. 

7.  A  solution  of  aniline  in  dilute  sulphuric  acid  is  easily  decomposed  by  the  electric 
current ;  and  if  a  drop  of  the  solution  be  laid  on  a  piece  of  platinum  foil  connected  with 
the  positive  pole  of  a  small  Grove's  battery  (one  pair  is  sufficient),  and  the  negative 
terminal  also  dipped  into  it,  the  liquid  immediately  assumes  a  fine  blue  colour  chang- 
ing to  violet  and  red,  the  colours  being  very  briglit  in  strong  solutions,  and  affording  a 
very  delicate  test  for  aniline.  The  colouring  matter  is  ultimately  deposited  on  the 
platinum  foil  as  a  blackish -brown  powder,  insoluble  in  water,  alcohol,  ether,  and  am* 
monia,  but  soluble,  with  blue,  green  or  violet  colour,  in  strong  sulphuric  acid,  whence 
it  is  precipitated  by  water  as  a  dingy  green  powder ;  it  is  partially  decolorised  by  re- 
ducing agents.    (H.  Letheby,  Chem.  Soc.  J.  xvi.  161.) 

8.  Aniline  treated  with  a  mixture  of  potassic  chlorate  and  hydrochloric  acid  forms  a 
red  resinous  substance  containing  trichlorophonic  acid  and  porchloroquinone, 
from  which  th«i  fonn<*r  may  l>o  ilissolvtMl  out  by  boiling  alcohol, 

9.  Aniline  is  decomposed  by  nitric  acid,  and  when  evaporatcxl  at  100°,  leaves  a  brown- 
black  residue  (Runge).     It  is  immediately  reddened  by  strong  nitric  acid  (Zinin). 
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It  acquires  a  transient  bine  and  green  colour  by  treatment  Vith  strong  nitric  acid 
(Fritzs che).  With  a  small  quantity  of  faming  nitric  acid,  it  immediately  forms  a 
deep  azure-blue  mixture,  which  when  veiy  slightly  warmed,  turns  yellow,  becomes  hot, 
gives  off  gas  with  violence,  then  assumes  a  scarlet  colour  continually  increasing  in 
brightness,  and  deposits  picricacid(Hofmann).  Aniline,  dissolved  in  moderately 
strong  nitric  acid,  likewise  passes  into  spontaneous  ebullition  on  the  application  of  a 
gentle  heat,  ^ves  off  nitrous  vapours,  and  when  that  action  ceases,  is/ound  to  be  com- 
verted  into  picric  acid  (Hofmann  and  Muspratt) : 

C^'N     +     6NH0«      =      C*H»(NO«)"0     +     4NH0«     +     3H«0. 

Nitric  acid  heated  with  excess  of  aniline,  or  nitrate  of  aniline  heated  with  aniline  to 
160° — 160^  for  several  hours,  forms  a  beautiful  violet-red  substance,  which  is  one  of  the 
varieties  of  aniline-red.  A  similar  colouring  matter  is  obtained  by  heating  aniline  vrith 
mercuric  or  mercuroua  nitrate,  with  nitrate  of  lead,  nitrate  of  nlvcr,  arsenic  acid, 
•tannic  chloride^  antinumic  nitrate,  and  a  variety  of  other  salts.  All  these  red  colouni 
have  been  shown  by  Hofmann  to  consist  of  various  salts  ofrosaniline^  C^H^'N'  (see 
Appendix  to  this  article). 

10.  Nitrous  acid  acts  upon  aniline  in  various  ways  according  to  the  manner  in  which 
the  two  bodies  are  brought  together :  a.  When  hyiuochlorate  of  aniline  is  treated  with 
nitrite  of  silver  or  nitrite  of  'potassium,  nitrogen  is  evolved  and  phenol  is  formed, 
together  with  a  metallic  chlonde  and  water  (T.  S.  Hunt,  SilL  Am.  J.  [2]  viii  372. — 
Hofmann,  Chem.  Soc.  J.  iii.  232): 

C«H*N.HC1     +     AgNO»       -       C«H*0     +     AgCl     +     H«0     +     N«. 

According  to  Hunt,  phenol  is  likewise  obtained  when  nitric  oxide  is  passed  into  a 
dilute  aqueous  solution  of  nitrate  of  aniline : 

C«H^     +     HNO«       -       C«H«0     +     H«0     +     N«; 

but  according  to  Hofmann,  the  whole  or  the  greater  part  of  the  phenol  thus  produced 
ia  converted  into  mononitrophenolby  the  free  nitric  acid  present. 

According  to  Matthiessen,  however(ProcBoy.Soc.ix.  118),  the  action  takes  place 
by  two  stages,  the  aniline  in  the  first  instance  reacting  merely  with  water,  to  produce 
ammonia  and  phenol: 

C«H'N     +     H«0       -      H»N     +     C«H*0, 

while  in  the  second  stage,  the  ammonia  and  nitrous  acid  act  on  one  another  so  as  to 
form  water  and  free  mtrogen:  H*N  +  HNO'  «  2H«0  +  N«,  and  the  phenol  is 
converted  by  the  free  nitric  acid  into  nitrophenoL 

In  like  manner  a  solution  of  nitrate  of  amylaniline  is  converted  by  nitrous  acid  into 
amylamine  and  phenol,  the  action  in  this,  as  in  the  former  case,  consisting  in  a  replace- 
ment of  phenyl  by  hydrogen : 

AmylanQioe.  AmyUmlne.  Pbenol. 

and  the  amylamine  being  subsequently  converted  by  the  same  mode  of  action  into 
ammonia  and  amylic  alcohol.  Similar  reactions  take  place  under  the  influence  of 
nitric  add,  o{  peroxide  of  manganese  taid.  sulphuric  acid,  of  potassic  permanganate,  and 
of  caustic  potash.    (Matthiessen.) 

0.  Nitrous  acid  passed  into  an  alcoholie  solution  of  amline  converts  it  into  azo- 
diphenyldiamine,  C''H"N',  a  base  formed  from  a  double  molecule  of  aniline, 
C"H*^N',  by  the  substitution  of  1  at.  nitrogen  for  3  at.  hydrogen : 

2C*H^     +     HNO«      -       C»*H»N«     +     2H*0. 

Similar  reactions  take  place  with  tlie  bromo-,  chloro-  and  nitro-phenylamines,  and  with 
all  the  homologues  of  aniline,  the  general  equation  for  the  reaction  being : 

2C-H»--»N     +     HNO«      -       C*"H*«^"N»     +     2H»0 

(GriesB,  Ann.  Ch.  Pharm.  cxiii.  834;  snppL  i.  100).  When  nitrous  acid  is  passed 
into  a  mixture  of  aniline  with  about  four  times  ita  volume  of  alcohol,  the  azodiphenvl- 
diamine  first  produced  is  ultimately  converted  into  azophenylamine  (or  diamioo- 
benzeneXC«HW  -  (C*H^N"')N: 

C»*H"N»     +     NHO«      «      2C«H*N«     +     2HH). 

1 1.  Chlorine  aas  passed  through  drv  aniline,  converts  it,  with  sreat  rise  of  tempera- 
ture and  evolntmn  of  hydrochloric  acid,  into  a  black  viscid  tar,  which  stops  up  the  gas- 
delivcKy  tube.    U,  in  order  to  pzeveot  this  accident,  the  chlorine  be  passed  through 
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Ubilind  mixed  with  \rafrp,  or  dissolved  in  hydrochloric  acid  o^  in  alcohol,  the  liquid, 
which  assumes  first  a  blue,  then  a  black  colour,  deposits  a  black  tar,  which  on  cooling 
Bolidifics  into  a  brittle  resin  ;  and  this  resin  distilled  with  a  small  quantity  of  water, 
yields  trichloraniline,  afterwards  liquefies,  leaves  a  residue  of  charcoal,  and  gives 
ofif  hydrochloric  acid  and  trichlorophenicacid  in  the  form  of  a  yellow  ofifeusive 
oil  which  crystallises  on  cooling  (Hofmann) : 

CTI'N   +  Cl«     -     C«H*C1»N  +  3HC1; 

Trichloraniiitte. 

and: 

OH'N  +  Cl«   +   IPO     =     C«H»a"0   +   2Ha   +   NII*C1. 

Tricblorophenic 
acid. 

Trichloraniline  appears  also  to  be  formed  when  aniline  is  distilled  with  hydrochloric 
acid  and  peroxide  of  manganese.     (Hofmann.) 

12.  Bromine  forms  with  anhydrous  aniline,  with  great  evolution  of  heat,  a  brovni 
solution,  which,  if  the  quantity  of  bromine  is  sufficieut,  solidifies  to  a  mixture  of  finely 
crystalline  tribrom aniline  and  hvdrobromic  acid  (Fritzsche.) — Bromine-water 
added  to  aniline  dissolved  in  hydrochloric  acid,  forms  a  oon&iderdble  quantity  of  hydro- 
bromic  acid,  and  a  precipitate  of  tribromaniline  which  quickly  becomes  cr}'8tal- 
line ;  the  same  substance  is  deposited,  after  boiling  aniline  with  exc»*ss  of  hydrobromic 
acid,  in  the  form  of  a  dark  coloured  oil  which  crystallises  on  cooling  (Hofmann). — 
13.  The  dark  brown  solution  of  iodine  in  aniline,  tlie'formation  of  which  is  attended  with 
great  rise  of  temperature,  soon  deposits  long  needles  of  hydriodate  of  aniline 
(Fritzsche,  Hofmann),  while  the  mother-liquor  retains,  together  with  a  portion  of 
this  salt  and  free  iodine,  an  ioduretted  brown  amorphous  resin,  together  with  hydrio^ 
date  of  iodaniliue: 

OH^  +  r     =     CTPIN.HI. 

14.  Cyanogen  acts  differently  from  chlorine,  bromine  and  iodine,  not  removing  a 
portion  of  the  hydrogen  and  taking  its  place,  but  uniting  directly  with  the  aniline,  and 
tbrming  the  compound  C*H'NCy  a*  C'H'N',  called  cyananiline,  which  is  also  basic 
and  forms  salts  with  acids. 

15.  The  bromides  and  iodides  of  the  alcohol-radichs  heated  with  aniline  give  rise  to 
substitution- products  in  which  one  or  two  of  the  typical  hydrogen-atoms  of  the  aniline  are 
replaced  by  alcohol-radicles,  e.  a.  ethyl  aniline  (C*I1*)(C*-11*)HN,  diamylunilinc 
(C«H*)(C*H")»N,  methyl-ethyl-anilino  (C"H=*)^CH»)(C^H»)N.  ITiese  compounds 
are  bases  like  aniline  itself:  those  in  which  the  whole  of  the  hydrogen  is  replaced  by 
alcohol-radicles  unite  with  the  alcoholic  iodides,  forming  iodides  of  bases  belonging  to 
the  ammonium-type;  thus  dicthylaniline  with  iodide  of  ethyl  forms  the  iodide  of 
triethyl-phenylammonium  (C«H*)(C''H*)»NT.     (Hofmann.) 

16.  A-uiline  heated  with  bromide  of  itht/lc?ic  yields,  besides  hydrobromate  of  aniline, 
the  hydrobromates  of  three  bases,  having  the  same  percentage  composition  C*H"N.HBr, 
and  separable  by  their  different  degrees  of  solubility  in  alcohol,  the  first  being 
soluble  in  cold  alcohol ;  the  second,  which  forms  the  chief  part  of  the  product,  being 
insoluble  in  cold,  but  soluble  in  boiling  alcohol ;  the  third,  insoluble  in  alcohol  even 
at  the  boiling  heat.    Their  formation  is  represented  by  the  equation : 

2C*H^  +   C*H^Br«     «     C'H-N.HBr  +   C»H»N.HBr. 

The  second  of  tliese  bases  is  shown,  by  its  reactions  with  bromide  of  ethylene,  iodide  of 

methyl, &c.,toconsist of  diethylene-diphenyl-diamine,C"H>»N«  -  (C«H*)'[  ^'' 

the  first  isprobably  ethylene-phenylamineC*H"N,  andthe  third,  triethylene- 
triphenyl-triamine  C*'H"N*.  Bromide  of  ethylene,  heated  with  a  large  excess  of 
aniliue,  forms  ethylene-diphenyl-diamine,  according  to  the  equation  4C*H'N   + 

(C'^H*)") 
CH^Br*    =    (C«H*)»  In«  +   2(C*H'N.HBr).    (Hofmann,  Proc  Roy.  Soc.  ix.  277 ; 

X.  104).  The  formation  of  a  base  having  tlie  composition  C*H*N,  by  the  action  of 
chlorine  on  chloride  of  ethylene^  had  previously  been  observed  by  Nat  an  son  (Ann. 
Ch.  Pharm.  xcviii.  202). 

17.  Aldehyde  (oxide  of  ethylidene,  C*H*0)  acts  upon  aniline  in  a  similar  manner, 
producing  two  compounds  isomeric  with  the  ethylene-bases  just  mentioned,  but  differing 
from  them  in  properties,  and  related  to  them  in  the  same  manner  as  aldehyde  to  oxide 
of  ethylene,  that  is  to  say,  containing  ethylidene  instead  of  ethylene.  Witn  valeralde- 
hydffOnanthol,  benzoic  aldehyde  (bitter  almond  oil)  and  other  aldehydes,  analogous 
reactions  are  produced,  resulting,  however,  in  each  case,  in  the  formation  of  only  one 
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cotnpotind  analogous  to  tho  preceding,  namely  a  compound  containing  2  at.  of  the 
aldehyde-radicle,  the  general  equation  of  the  reaction  being : 

^C^'i^]     +     C-H-O       =      5^fr/JN'     +     2H'0. 

With  acetorus  or  ketones  no  such  reaction  takes  place  (H.  Schif  (  Ann.  Ch.Pharm. 
SuppL  iii.  342).    See  Pyibntl-diaminbs. 

18.  Aniline  heated  with  an  equal  Tolume  of  chloroform  to  180° — 190^  in  a  sealed 

rcHr ) 

tube, yields hydrochlorate  ofxylyl-diphenyl-diamine (C*H*)' VN',  together  with 

H     ) 
hydrochlorate  of  aniline  (Hofmann,  loc*  cit.) : 

4C«H'N  +  CHa«     -     C"H"N«.HC1   +  2(C«H»N.HC1). 

19.  Tetrachloride  of  carbnn  heated  with  three  times  its  volume  of  aniline  for  about 
thirty  hours  to  170° — ISO^^  yields  a  blackish  mass  partly  soluble  in  water.  From  the 
aqueous  solution,  potash  separates  an  oily  precipitate  which  when  distilled  with  potash 
gives  off  a  consiaerable  quantity  of  unaltered  aniline,  whilst  a  viscid  oil  remains 
behind  and  gradually  solidifies  to  a  crystalline  mass,  which  when  washed  with  cold 
alcohol  and  crystallised  two  or  three  times  from  boiling  alcohol,  yields  a  perfectly  white 
ciystaUine  body  consisting  of  carbotriphenyltriamine  C'"H'N',  whilst  tho 
alcohol  retains  in  solution  a  substance  of  a  magnificent  crimson  colour.  The  forma- 
tion of  carbotriphenyltriamine  is  represented  by  the  equation : 


=   (c«H»)n 


6C«H'N   ♦   CCl*     =     (C«H»)nN«   ♦   3(C«H^.HC1)     +     HCL 

H«     j 

The  portion  of  the  black  mass  which  is  insoluble'  in  water,  dissolves  almost  entirely 
in  dilute  hydrochloric  acid,  from  which  it  is  precipitated  by  alkalis  as  an  amorphous, 
pink  or  dingy  precipitate  soluble  in  alcohol  with  a  rich  crimson  colour.  The  greater 
portion  of  this  body  consists  of  the  same  colouring  principle  which  accompanies  the 
white  crystalline  substance.    (Hofmann,  Proc.  Boy.  Soc  ix.  234.^ 

20.  With  chloride  of  carbonyl  (phosgene  gas)  aniline  yields  a  mixture  of  hydrochlo- 
mte  of  aniline  and  diphenylcarb amide,  perhaps  thus : 

SC^H'N  +   COCl«     =     (CO)''(C«H*)»H«N»  +  C«H'N.Ha  +  Ha 

21.  Dry  gaseous  chloride  of  cyanogen  converts  anhydrous  aniline  into  mclaniline  ; 
with  an  aqueous  solution  of  the  gas,  aniline  forms  phenylcarbamide  (Hofmann): 

2C«H'N  +   CNCl     -     C"H"N«.HC1. 

AnHin«.  Hydrochlorate  } 

ormeUniline. 

iOH'N  +  CNCl  +  H^O    -    (COr(C«H»)>H«N«  +  C'H'N.HCl. 

Aniline.  Pbenyl-carb-  Hydrochlomt* 

amide.  of  aniline. 

Dry  chloride  of  cyanogen  passed  through  an  ethereal  solution  of  aniline  cooled  with 
ice,  forms  (nranilide  C'H'CyN,  and  hydrochlorate  of  aniline  (Cahours  and  Cloez, 
Compt.  rend  xxxviii.  354) : 

2C«H»N  +   Cya     -     CH-CyN  +   C«H'N.HC1. 

22.  Bromide  of  cyanogen  acts  upon  aniline  like  volatile  chloride  of  cyanogen,  form- 
ing hydrobromate  of  melaniline,  and  [in  presence  of  water?]  a  small 
quantity  of  phenvl-carbamide  (HofmannJ.-— 23.  /o<?icfe  o/cvano<7«i  forms  witli 
aniline:  iod aniline,  a  brown  product  containing  iodine,  and  hydrocyanic  . acid 
(Hofmann). — 24.  When  persulphocyanic  acid  (p.  374)  is  heated  with  anhydrous 
aniHne,  the  mixture  melts,  and  solidifies  on  cooling  into  a  mass  which  dissolves  in  boiling 
alcohol  and  ether,  and  when  boiled  with  water  containing  a  little  potash,  leaves  a  residue 
of  sulphur,  and  yields  a  filtrate  from  which  hydrochloric  add  precipitates,  together 
with  sulphur,  cxystalline  scales  which  dissolve  in  boiling  alcohol  and  ether.  (Laurent 
and  Gerhardt,  Ann.  Ch.  Phys.  r3]  xxiv.  198.) 

26.  With  oxychloride  of  phospnorus,  anhydrous  aniline  forms  triphenyl-phos- 
ph amide  and  hydrochlorate  of  aniline : 

(PO)-) 
6{C«H».H«.N)  +  POCl"     =     8(C«ffW.HCl)  +  (CW)»VN«. 

With  8ulphochloride  of  phosphorus^  a  white  mass  is  formed  containing  hydrochlorate 
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of  antliDC  and  probably    triphenyl-sulphophosphamide,    (PS)"'(OH*)'N"H". 
(Schiff,  Ann.  Ch.  Pharm.  ci.  299.) 

26.  Chloride  of  benzoyl  converts  aniline  into  a  mixture  of  hydrochlorate  of  aniline 
and  phenyl-benzamide,  (C'H*0)(C*H*)H.N.  In  like  manner  with  the  chlorides 
of  cumylf  cinnamt/lf  and  anisylf  aniline  yields  phenyl-cumylamide,  phcnyl-cinnamide, 
and  phenyl-anisamide. 

27.  -With  sulvhovhenvlic  chloride,  C'H*S0*C1,  it  forms  phenyl-salphophenyla- 

mine,  C^H^SO'VN,  or  thiophenylamic  acid,    (SO)"  (^  (Chiozza  and  Biffi, 

H      J  H     (^ 

Gcrkardt'a  Traite,  iii.  981): 

C«n»N,C«H*SO«Cl      »       C'2H»>NS0«     +     HCL 

28.  Strong  sidphuric  acid  converts  aniline  into  phenyl-sulphamic  acid, 
C'H'NSO',  which  when  heated  with  excess  of  fuming  sulphuric  acid,  yields  phenyl- 
disulphamic  acid,  C«H'NS"-0"  (Buckton  and  Hofmann,  Chem.  Soc  J.  ix.  260\ 
2G.  With  phosphoric  anhydride  it  appears  to  form  phenyl-phosphamic  acia. 

C«H«NPO«  =  (PO)"'Vq   (Ann.  Ch.  Pharm.  ciii.  168).     27.  Heated  with  various 

organic  acids,  it  also  forms  the  corresponding  phenylamic  acids  (p.  419). 

29.  With  cyanic  acid,  aniline  forms  phenyl-carbamide,  (CO)"(C*H*)H'N',  or 
diphenyl-carbamide  (CO)"(C*H*)*H*N*,  according  to  the  circumstances  of  the 
reaction  (i.  756). 

30.  With  sulphide  of  carbon  it  forms  phenyl-sulphocarbamide,  (CS)''(C«H»)« 
H^*  (Hofmann,  i.  766).  The  same  compound  is  produced  by  distilling  a  mixture 
of  aniline,  sulphuric  acid,  and  sulphocyanate  of  potassium.  According  to  Crossley 
(Chem.  News,  iv.  196),  a  mixture  of  aniline  and  sulphide  of  carbon  is  converted  in  a 
few  days,  with  evolution  of  sulphuretted  hydrogen,  into  a  cream-coloured  fatty  substance^ 
which  on  addition  of  fuming  nitric  acid  fields  a  dirty  brown  and  a  crimson  compound. 

81.  A  solution  of  aniline  and  quinone  m  a  large  quantity  of  boiling  alcohol  deposits 
crystals  of  diphenyl-quinoyl-diamide,  while  hydroquinone  remains  in 
solution : 

(C«H»)«  ) 
2C«H'N     +     SC'H^O*      =       (C«H«0«/' ).N»     +     2C«H*0«. 

H«      j 
Auillne.  Qainone.  Diphenyl-qainoyl'-         Hydroquinone. 

dlamide. 

32.  VfiXh.perchloroquinone  (chloranil),  aniline  forms  diphenyl-dichloroquinoyl- 
d  i  a  m  i  d  e  and  hydrochlorate  of  aniline : 

(C«H»)«   ) 
4C«H^     +     C«C1*0«      -      (C«CP07'[N«     +     2(C«H^.HC1). 

(Hofmann,  Proc.  Boy.  Soc.  xiiL  4).    This  latter  reaction  was  first  studied  by  Hobs  e 
(Ann.  Ch.  Pharm.  cxiv.  292),  who  regarded  the  amide  produced  in  it  as  dichloro- 

quinoyl-pentaphenylpentamide,  (C«H*)»(C«(3i*0«)*H«N». 

Salts  of  Aniline.  These  salts  may  be  regarded  either  as  compounds  of  aniline 
with  acids,  or  of  phenyl-ammonium,  C*H*N,  with  acid  radicles:  e,g.  C'H'N.HCl  — 
C'H'NCl.  They  are  all  soluble  in  water  and  alcohol,  and  most  of  them  crystallise 
with  great  facility:  hence  the  name  crystalline,  origin^y  applied  to  aniline.  Aniline 
salts  are  mostly  colourless,  but  torn  red  when  exposed  to  the  air,  especially  if  they  are 
moist,  acquiring  at  the  same  time  a  faint  odour.  With  hypochlorite  of  calcium  and 
chromic  acid  they  exhibit  the  colour-reactions  already  described  (p.  422),  and  when 
mixed  with  an  acid,  colour  firwood  and  elder-pith  deep  yellow. 

Acetate  of  Aniline  is  unciystallisable. 

The  bromhydrate  or  hydrobromate,  C'H'N.HBr,  forms  well-defined  czystals 
usually  having  a  violet  tln^,  and  somewhat  less  soluble  than  the  hydzochlozate.  It 
may  be  sublimed  without  decomposition. 

The  bu ty rate  is  diU  oily  salt^  sparingly  soluble  in  water. 

Carbonate  of  Aniline  does  not  appear  to  exist 

Chlorhydrate  or  Hydrochlorate  of  Aniline,  C'H'N.HCl  or  C«H^C1,  forms 
needles  very  soluble  in  water  and  alcohol,  and  capable  of  subliming  without  decompo- 
sition. It  forms  with  trichloride  of  gM  a  yeUow  precipitate  which  quickly  turns  brown ; 
with  plaiinic  chloride  in  cold  concentrated  solutions,  an  orange-yellow  crystalline  pulp ; 
and  in  dilute  or  warm  solutions,  beautiful  yellow  needles  of  the  chloropUtmate^ 
2C«HWCLPt"Cl*. 
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Citrate  of  Aniline,  O'H^N.C«H»0»  or      OH^N    >0".— An  alcoholic  solution  of 

H«  ) 
1  at  citric  acid  mixed  with  1  at.  aniline  containing  a  small  quantity  of  wat^r,  dries  up, 
in  vacuo  oyer  oil  of  vitriol,  to  a  viscid  brown-red  mass,  in  which  crystals  begin  to  ap- 
pear after  a  while,  ultimately  filling  the  entire  mass.  This  crystalline  product  is 
triturated  with  a  small  quantity  of  alcohol,  the  liquid  squeezed  out  through  linen,  the 
residue  dissolved  in  strong  alcqhol,  and  the  solution  leftover  oil  of  vitriol  till  it  crystal- 
lises. It  forms  slender  needles  united  in  rounded  groups,  melting  at  a  temperature  a 
little  below  100°,  veiy  soluble  in  alcohol,  and  still  more  in  water.  Heated  to  a  tem- 
perature between  140*'  and  150°,  it  gives  oflF  water  and  yields  citranilic  acid  (i.  100). 

The  dibasic  and  tribasic  citrates  of  anUine  do  not  appear  to  crystallise.  (Pebal, 
Ann.  Ch.  Phtirm.  Ixzxii.  91.) 

Fluoailicate  of  Aniline  appears  to  bo  produced  by  the  direct  combination  of  ani- 
line with  fluoride  of  silicon,  93  pts.  of  aniline  absorbing  63*3  pts.  of  the  gas,  and  forming 
a  slightly  yellow  mass  which  may  be  sublimed,  dissolves  sparingly  in  boiling  alcohol,  and 
is  deposited  therefrom  in  small  shining  laminee.  Water  decomposes  it,  separating 
gelatinous  silica.  When  moistened  with  ammonia,  heated,  and  calcined,  it  leaves  but 
a  very  slight  residue  of  silica.  Laurent  andDelbos  (Ann.  Ch.  Phys.  [3]  xxii.  101), 
who  prepared  this  compound,  regarded  it  as  phenyl-fluosilicamide  or  iiuosilicanilide. 

lodhydrate  ov  Hydriodate  of  Aniline^  C'H'NI,  forms  needles  very  soluble  in 
water  and  alcohol,  less  soluble  in  ether. 

Mellitate  of  Aniline,  Aqueous  aniline  forms  with  aqueous  mellitie  acid  a  turbid 
liquid  which  gradually  deposits  scales  resembling  benzoic  acid.  These  crystals  dissolve 
easily  in  water,  also  in  hot  alcohol,  but  the  salt  no  longer  crystallises  therefrom.  It 
turns  yellow  at  1 05°  and  gi  ves  off  aniline.     It  appears  to  be  an  acid  salt,  C  'H(C"H*N)0*. 

Nitrate  of  Aniline,  CH'N.NHO*,  separates  after  some  time  from  a  mixture  of 
aniline  and  dUute  nitric  add,  in  concentric  needles,  which  may  be  purified  by  presswc 
between  folds  of  bibulous  paper.  The  mother-liquor  is  red,  and  an  efiQorescence  having 
a  fine  blue  colour  forms  on  the  sides  of  the  basin.  The  crystals  do  not  suffer  any  loss 
of  weight  at  150° ;  at  a  somewhat  higher  temperature,  the  salt  sublimes  unaltered,  but 
at  190°  wat^r  is  given  off,  together  with  a  tarry  liquid  from  which  nitraniline  may  be 
extracted  by  hydrochloric  acid  (B 6 champ,  Compt.  rend.  lii.  660) : 

C-H'N.NHO»       =       H«0     +     C«H''(NO«)N. 

The  salt  heated  with  aniline  is  converted  into  nitrate  of  rosaniline  (see  Appendix  to 
PusNTLAKiNES.  With  aqueous  chloride  of  iodine  containing  a  slight  excess  of  iodine, 
it  yields  a  bluish-green  precipitate,  quickly  turning  black,  and  containing  (a)  a  sub- 
Htance  soluble  in  sulphide  of  carbon,  and  crystallising  therefrom  in  nearly  colourless 
needles  containing  15'7  per  cent,  carbon,  1*07  hydrogen,  6623  iodine,  3'22  nitrogen, 
and  13*82  oxygen;  (6)  a  purplish  substance  crystallising  in  laminse,  insoluble  in  sul- 
phide of  carbon ;  and  (c)  a  dark-coloured  amorphous  body.  The  same  products  aro 
obtained  bv  the  action  of  chloride  of  iodine  on  the  oxalate,  and  probably  also  on  other 
salts  of  aniline.    (Stenhouse,  Chem.  Soc.  J.  zvii.  328.) 

Oxalate  of  Aniline,  2C«H^.C«H«0«  =  C»(C«H»N)«0*.— A  boiling  alcohoUc  solu- 
tion of  oxalic  acid  saturated  with  aniline,  yields  a  magma  of  cirstals  which  may  be 
purified  by  washing  with  alcohol,  and  pressure  between  paper.  From  a  hot  saturated 
aqueous  solution,  the  salt  crystallises  in  stellate  groups  of  oblique  rhombo'idal  prisma. 
It  is  anhydrous,  moderately  soluble  in  hot  water,  sparingly  soluble  in  alcohol,  insoluble 
in  ether.  The  aqueous  solution  becomes  acid  spontaneously  and  deposits  a  brown 
powder  on  exposure  to  the  air.  When  heated  rather  strongly,  it  gives  ofir  aniline,  water, 
carbonic  oxide  and  carbonic  anhydride,  and  leaves  a  residue  containing  diphenyloxamide 
and  phenyl-formamide  (p.  285). 

According  to  Pi  r  ia  (Cimento,  ii.  305)  perfectly  pure  oxalate  of  aniline  may  be  heated 
in  the  oil-bath  between  160°  and  180°  without  fusion  and  without  production  of 
phenvl-formamide,  the  residue,  which  is  perfectly  white  and  dystalline,  consisting 
wholly  of  diphenvloxamide;  but  oxalate  of  aniline  in  a  less  pore  state  yields  phenyl 
formamide  as  well  as  diphenyloxamide.  

PhenyloxamateoTOxanilateofAniline{ncid\C*R\(yEnf)TSO»,(yBrSG^.'^ 
This  saJt  is  obtained  by  firequent  recrystallisation  of  the  brown  crystals  which  are  de- 
posited firom  the  solution  of  the  crude  product  of  the  action  of  oxalic  acid  upon  aniline 
in  boiling  water.  It  retains  a  brown  tinge  even  after  repeated  ciystalliration,  and 
forms  confused,  often  interlaced  needles,  destitute  of  lustre^  sparingly  soluble  in  cold 
water,  easily  in  boiling  water.  When  heated  it  gives  off  aniline  and  the  products  of 
decomposition  of  phcnyloxamic  acid.  The  solution  mixed  with  hydrochloric  add  does 
not  deposit  phenyloxamic  acid. 
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Phenylsulphamate  or  Sulphanilate  of  Aniline^  separates  from  a  solutiou  of 
pheuylsulphamic  acid  in  water  coutaiuing  aniline,  the  liquid  first  however  depositing 
unaltered  phenylsulphamic  acid. 

Phosphates  of  Aniline.— a.   Orthophosphaics,-<L  DianUie,  C'*H"N«PO«    =* 

PO"'    ) 
(C*H'N)*>0*. — Concentrated  phosphoric  acid  supersaturated  with  aniline,  solidifies 

H  ) 
immediately  in  a  white  crystalline  mass,  which,  after  being  pressed,  dissolyed  in  a  laige 
quantity  of  boiling  alcohol,  strained  through  a  hot  filter,  and  cooled,  yields  flesh-ooloured, 
nacreous,  inodorous  laminae,  which  slightly  redden  litmus ;  they  must  be  pressed  be- 
tween paper  and  dried  on  a  warm  tile.  At  100°  they  turn  red  and  give  o£f  aniline ; 
melt  at  a  stronger  heat,  and  finally  leave  metaphosphoric  acid  (coloured,  according  to 
Gerhard  t,  by  the  carbonisation  of  a  small  quantity  of  aniline)  while  the  aniline  vola- 
tilises. They  dissolve  readily  in  water  and  ether,  sparingly  in  cold  alcohol,  but  so 
abundantly  in  hot  alcohol,  that  the  liquid  solidifies  on  cooUng.  (E.  C.  Nicholson, 
Ann.  CL  Pharm.  llx.  213.) 

(PO)*' ) 

/3.  Mono-anilic,  C«H»»NPO*  =  O'H^N  >0».— The  aqueous  solution  of  the  salt  a 

H«  > 
mixed  with  phosphoric  acid  till  it  no  longer  precipitates  chloride  of  barium,  yields,  in 
a  few  hoiurs,  after  evaporation  over  the  water-bath,  white  silky  needles,  which  must 
be  cooled  with  ether  and  dried  on  a  warm  tile ;  they  turn  red  in  the  air,  and  dissolve 
readily  in  water,  alcohol  and  ether ;  in  water,  however,  the  salt  a  is  formed  at  the 
6ame  time.    (Nicholson.) 

b.  Pyrophosphate,  C«H«N«P«0'.H«0«(O'H»N)«|.0*.H*0.— Concentrated  pyrophos- 

phoric  acid  obtained  by  decomposing  pyrophosphate  of  lead  with  sulphuretted  hydrogen 
forms  with  excess  of  aniline,  a  gelatinous  hardening  precipitate  which  is  a  mixture  of 
tetranilic  and  dianilic  salt.  The  former  cannot  be  prepared  in  the  pure  state,  but  the 
dianilic  salt  is  obtained  by  heating  the  mixture  till  solution  takes  place,  supersaturating 
with  acid,  and  evaporating  over  the  water-bath,  as  a  mass  of  needle-shaped  crystals 
which  must  be  pressed  between  paper,  washed  with  ether,  and  dried  in  vacuo.  The 
silky  needles  resemble  sulphate  of  quinine,  are  strongly  acid,  turn  red  on  exposure  to 
the  air,  both  in  the  solid  state  and  in  solution,  and  are  soluble  in  water,  but  quite 
insoluble  in  alcohol  and  ether.    (Nicholson.) 

PO*   ) 

Meiaphosphate,  C*H"NPO*  «  C*H"nI^' — T^®*^^<^®^^^™*^  solution  of  glacial  phos- 
phoric acid  added  in  large  excess  to  aniline  or  to  its  solution  in  alcohol  or  ether,  throws 
down  a  white  jelly,  which  must  be  washed  on  the  filter  with  ether  till  the  odour  of 
aniline  disappears,  and  dried  in  vacuo  over  oil  of  vitriol.  It  is  a  white  amorphous 
mass,  which  reddens  litmus,  becomes  glutinous  and  rose-coloured  on  exposure  to  the 
air,  and  dissolves  in  water,  but  is  quite  insoluble  in  alcohol  and  ether.  The  aqueoas 
solution  is  altered,  by  boiling  in  consequence  of  the  formation  of  orthophosphorie 
acid ;  it  dissolves  metaphosphate  of  silver,  but  afterwards  turns  red  on  boilii^  the 
silver-salt  being  partly  reduced.     (Nicholson.) 

Pier  ate  of  Aniline. — ^The  lemon-yellow  precipitate  which  an  excess  of  of  alco- 
holic picric  acid  forms  with  aniline,  dissolves  in  boiling  alcohol  and  crystallises  on 
cooling. 

Pyrotartrate  of  Aniline  is  a  ciystallisable  sal^  the  solution  of  which  dries  up 
to  a  brown  syrup. 

Succinate  of  Aniline  forms  thin  oblique  rectangular  prisms  of  a  pale  rose  colour. 

Sulphate  of  Aniline,  (C«H"N)*SO*. — A  mixture  of  aniline  and  sulphuric  acid 
immediately  solidfies  to  a  crystalline  pulp  which  must  be  pressed  and  purified  by  re* 
crystallisation.  The  salt  is  easily  soluble  in  water,  less  soluble  in  dilute  alcohol,  still 
less  in  absolute  alcohol,  insoluble  in  ether.  An  alcoholic  solution  saturated  at  the 
boiUnff  heat  solidifies  on  cooling.  It  ma^  be  heated  to  100°  without  alteration.  When 
carefully  raised  to  a  higher  temperature,  it  gives  off  water  and  aniline,  and  is  converted 
into  phenylsluphamic  acid.  At  a  still  higher  temperature,  it  suffers  ftirther  decompo- 
sition, gives  off  sulphurous  anhydride  and  sulphite  of  aniline,  and  leaves  chaicoaL 

Sulphite  of  Aniline  is  obtained  as  a  radiate  crystalline  mass,  by  treating  aniline 
with  sulphurous  anhydride  (  ?  moist). 

SulphobengolateoTSulphophenylateofAniline,(yR\<yH.*}!f)8G*,ohtadjied 
by  dropping  aniline  into  a  hot  solution  of  sulphobenzolic  acid  (q.  v.),  crystallises  in 
long  Buky  needles  arranged  in  stellate  groups,  and  generally  exhibiting  a  reddish  tint« 
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They  melt  at  201°  and  the  fused  salt  Bolidifiea  in  a  Btellate  ciystallino  mass ;  it 
sublimes  below  the  melting  point  in  colourless  crystals.  Dissolves  readily  in  water 
and  alcohol,  sparingly  in  ether.    (Goricke,  Ann.  Ch.  Pharm.  c.  217.) 

Sul^hocyanate  of  Anil  in  e,  OH'N.CNHS. — Aqueous  sulphocyanic  acid  satur- 
ated with  aniline  deposits  on  evaporation,  red  oily  drops  which  gradually  solidify  in 
the  ciystalline  form.  The  crystalline  mass  melts  when  gently  heated ;  then  gives  off 
sulphuretted  hvdrogen  and  sulphide  of  ammonium,  with  violent  ebullition ;  and  when 
more  strongly  heated,  yields  an  oily  distillate  of  sulphide  of  carbon  and  sulphide  of 
ammonium  together  with  diphenylsulphoparbamide,  and  leaves  a  pale  resinous  residue: 

2(C«H^N.CNHS)       =      C"H'«N»S     +     CN^H^S. 

Dlfhenyltulpho-        Sulpbocyanate 
carbamide.  of  ammonium. 

But  the  latter  is  further  resolved  at  the  given  temperature  into  sulphide  of  carbon,  sul- 
phide of  ammonium,  and  a  residue  of  mdloue,  to  which  however  an  aniline-compound 
adheres.    (Laurent  and  Gerhardt.) 

Tartrate  of  Aniline. — Aqueous  tartaric  acid  solidifies  in  contact  with  aniline. 
The  salt  crystallises  from  hot  water  in  needles.    (Hofmann.) 

Compounds  of  Aniline  with  Metallic  Salts. — Aniline  unites  directly  with  a  con- 
siderable number  of  metallic  salts  forming  compounds  which  may  be  regarded  as  chlo- 
rides, sulphates,  &c.,  of  phenylammoniums  containingmetals.  Gerhardt^  by  treating 
aniline  with  mercuric  chloride,  obtained  the  salt  2C«a»N.Hg*'a«  or  C"H»»Hg"N».Cl« 
and  a  similar  compound  with  chloride  of  palladium.  More  recently  this  class  of  com- 
TOunds  has  been  examined  by  H.  Schiff  (Ann.  Ch.  Pharm.  cxxv.  360 ;  cxzvii.  337. — 
Bull.  Soc.  Chim.  v.  65),  who  has  prepared  a  considerable  number  of  them.  They  may  be 
represented  by  the  general  formula : 

fiC«H'N.M(»)X«       -       (OH*)-  (.N».X-  ; 

H-   j 

in  which  W^^  denotes  an  n-atomic  metal,  and  X  a  monatomic  salt-radicle,  such  aa 
CI,  NO*,  &c,  X«  being  of  course  replaceable  by  X",  X"  by  X"',  &c.  e.  g. : 

Sulphate  of  Zinoodiphenvl-diammonium,  2CTI^.Zn''Cl»  «  (C«H»)«IPZn''N«.a«. 
Chloride  of  Stibio-triphenyl-triammonium,        30»H'N.Sb'"Cl«  =  (C^*)"H«Sb'^N«.Cl». 

Chloride  of  Stannico-tctniphenyl-tetram- 1        4CiH'N.Sn»'Cl*  -  (C«H»)*H*Sn'-N*  OT 
monium,  >  v         /  •     • 

These  salts  are  colourless,  permanent  in  the  air,  and  crystallise  welL    3ome  of  them 
are  soluble  in  water;  some  may  be  fused,  sublimed,  or  distilled  without  decomposition. 
For  the  description  of  the  individual  compounds,  see  PHEinri:.AJoco2auac8. 

SVBSTITUTXOK-DBBIYATiyBS  OF  AkXLINS. 

The  derivatives  of  monophenylamine  or  aniline,     ks[^>  ™^7  ^  arranged  in  two 

well-defined  groups,  namely,  1.  Those  which  are  formed  by  substitution  of  bromine, 
chlorine,  ciranogen,  iodine»  nitrogen  or  nitryl  for  one  or  more  atoms  of  hydrogen 

belonging  to  the  phenyl-radide  0^*;  e.g.  bromanUine,       -m     [^i   dinitraniline, 

C^«(NO«)«/Tg 

2.  Those  which  are  formed  by  substitution  of  alcohol-radicles  or  acid-radicles 

C«HM 
for  the  extra-radical  or  typic  hydrogen,  e.g.  ethylaniline,  C*H*^N,  phenylacetamide, 

H«) 
C«H») 

C«H«0  VN,  &c. 
H    ( 

I.    DEBIVJkXiTES  OF    AmILINB  FUSMBD  BT    SKFLACBMBST  OF  HtDBOOBN  WrrHlK    THB 

Phentl-kadiclb. 

The  radical  hydrogen  of  aniline  may  bo  replaced,  to  the  extent  of  1,  2,  or  3  atoms 
by  chlorine,  bromine,  or  nitryl.  The  trichloro-  and  tribromo-compounds  are  formed 
by  the  direct  action  of  chlorine  or  bromine  on  aniline ;  those  containing  only  1  or  2 
at.  chTorine  or  bromine,  as  well  as  the  nitro-compounds,  are  not  obtained  directly  from 
aniline.  These  substitution-compounds  are  less  basic  in  proportion  to  the  number  of 
hydrogen-atoms  replaced.  Mono-  and  di-bromo-phenylamine  are  basic;  so  likewise 
are  the  monochlorinated  and  mononitro-compounds ;  but  the  tribromo-,  dichloro-, 
trichloro-,  dinitro-  and  trinitro-phenylamines  are  neutral.    One  atom  of  radical  hydrogen 
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in  aniline  may'also  be  replaced  by  iodine,  and  by  cyanogen.  lodophenylamine,  C^*IN, 
is  obtained  by  the  direct  action  of  iodine  on  aniline;  and  cyanophenylamine  or 
cyanilide,  C^H^N*  ■-  C'H*(CN)N,\by  that  of  chloride  of  cyanogen  on  an  ethereal  solution 
of  aniline  cooled  by  ice.    lodophenylanrine  is  basic ;  cyanophenylamine  is  nentraL 

In  coiinection  ^ith  the  last-mentioned  compound  must  also  be  mentioned  a  base 
called  cyananiline,  produced  by  the  direct  action  of  cyanogen  on  aniline,  and  con- 
taining C'H'K'  B-  C'H'N.Cy,  that  is  to  say,  the  elements  of  cyanogen  and  aniline 
nnited  without  elimioation  of  hydrogen. 

There  is  also  a  group  of  compounds  called  azophenylamines  in  which  1  at. 
nitrogen  takes  the  place  of  3  at.  hydrogen. 

The  monochloro-,  bromo-,  and  nitro-phenylamines  are  susceptible  of  two  isomeric 
modifications. 

Azophenylamines. 

These  are  bases  produced  by  the  action  of  nitrous  acid  on  aniline,  and  on  the 
bromo-,  chloro-,  iodo-,  and  nitro-phenylamines  above  mentioned,  and  derivable  there- 
from by  the  substitution  of  1  at.  nitrogen  for  3  at.'  hydrogen.  They  may  also  be  re- 
garded as  formed  from  benzene,  C*H*,  and  its  derivatives,  bromobenzone,  nitrobenzene, 
&c.,by  the  substitution  of  1  at.  nitrogen  for  1  at.  hydrogen ;  and  this  is  the  view  of  their 
constitution  entertained  by  Griess,  by  whom  they  have  all  been  discovered  and 
investigated  (PhU.  Trans.  1864,  Pt  iii.  p.  667). 

ABopbenylamlne*  or  AaaniUne,  C<H«N*  »  ^"j^l^^N,    or    Diojpobenzene, 

"^  [. — ^This  base  is  obtained  as  a  nitrate:  1.  By  the  action  of  nitrons  add  on 
nitrate  of  aniline : 

C'H'N     +     NHO'       =      C«H*N«     +     2H«0. 

Nitrate  of  aniline  ground  to  a  paste  with  water  is  submitted  to  the  action  of  nitrons 
acid  gas  in  a  vessel  externally  cooled  so  as  to  prevent  the  temperature  rising  above 
30°,  The  salt  then  gradually  dissolves,  and  as  soon  as  it  has  all  (Usappeared,  the  solu- 
tion is  filtered  to  remove  traces  of  a  brown  resin,  then  mixed  with  3  vol.  strong  alco- 
hol, and  ether  is  added  to  precipitate  the  nitrate  of  azophcnylamine.  The  precipitated 
ciystals  are  separated  from  the  mother-liquor  by  filtration,  and  decolorised  by  solution 
in  cold  dilute  alcohol,  and  reprecipitation  with  ether. 

2.  By  the  action  of  nitrons  acid  on  azodiphenyldiamine,^  H^  C  ^''  dissolved  in 
ether  and  mixed  with  nitric  acid : 

C«H"N«     +     NHO«     +     2NH0"       «      2(C«H<N».NH0*)     +     2H«0. 

Azodiphenyl*  N  itrate  or  azophcnyl- 

diamine.  amine. 

3.  By  the  direct  action  of  nitrous  acid  on  aniline  mixed  with  4  voL  alcohol,  in  which 
case  it  is  probable  that  azodiphenyldiamine  is  first  formed  (p.  460)  and  then  converted 
into  nitrate  of  azophenylamine  as  above. 

4.  By  the  action  of  nitrous  acid  on  nitrate  of  ethylaniline  : 

C«H«(C«H»)N.NHO»     +     NHO«      =      C«H<N».NHO»     +     C«H«0     +     H»0. 

A  very  concentrated  solution  of  nitrate  of  azophenylamine  mixed  with  very  strong 
caustic  potash  and  evaporated  over  the  water-bath,  yields  a  compound  of  azopheny- 
lamine with  potash,  C'lI^N'.EHO ;  and  the  aqueous  solution  of  this  compound  mixed 
with  acetic  acid,  deposits  azophenylamine  as  a  thick  yellow  oil,  having  a  peculiar 
odour,  and  remarkable  for  its  extreme  instability.  It  soon  begins  to  give  off  nitrogen, 
and  is  rapidly  converted  into  a  brownish-red  substance ;  the  decomposition  is  attended 
with  considerable  rise  of  temperature,  which,  when  large  quantities  are  concerned,  may 
give  rise  to  dangerous  explosions.  Ether  dissolves  it  instantly,  with  violent  evolution 
of  gas,  and  forms  a  rod  solution. 

CoMP0Uin>s  OF  AzoPHSNTLAMiifE. — ^Azophcuylamino  unites  both  with  acids,  and 
with  other  bases  organic  and  inorganic ;  but  the  compounds  are  best  obtained  by 
indirect  methods. 

Bromine-compounds. — The  hydrobromaie,  C'H^N'.HBr,  is  produced,  together 
with  tribromaniline,  by  the  action  of  bromine  on  azodiphenyldiamine,  aa  shown  by 
the  equation : 

C"H»N«  +  Br«     -     C«H*N«.HBr  +   C»H<Br«N  +   2HBr. 

*  The  tcfrm  azophenvlamiDQ  WM  applied  by  Oerhardtto  Zinin*s  semibemfdam,  C*H"N*  ;  but  this 
bodyhai  the  coroposltlon  of  amldophenylamlne,  CH"(NH<)N,  or  of  phenylone-dianiine, 

(«'H7'}N..f,...). 
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On  adding  an  ethereal  solution  of  bromine  by  drops  to  a  moderately  strong  solution 
of  azodiphenyldiamine,  a  ciystalline  precipitate  of  hydrobromate  of  azopbenylamino 
IS  produced,  while  tribromaniline  remains  in  solution.  The  crystals  must  be  quickly 
wanhed  with  ether  and  dried  over  oil  of  vitriol. 

Hydrobromate  of  azophenylamine  crystallises  in  white  nacreous  scales  easily  soluble 
in  water,  less  soluble  in  alcohol,  insoluble  in  ether.  The  solutions  have  a  strong  acid 
reaction.  The  salt  is  very  unstable,  decomposing  spontaneously  with  a  peculiar  odour, 
and  exploding  with  violence  by  heat,  friction  or  pressure.  The  aqueous  solution  treated 
-with  moist  chloride  of  silver  yields  bromide  of  silver  and  hydrochlorate  of  azophenyl- 
amine  or  chloride  of  azophenylammonium. 

BromoplaHnate,  2(C"H*N«.HBr)Pt»^Br*.— Obtained  as  an  insoluble  reddish-yellow 
precipitate  on  mixing  platinic  bromide  with  aqueous  nitrate  of  azophenylamine.  It  is 
decomposed  by  heating  with  carbonate  of  sodium,  in  the  same  manner  as  the  chloro- 
platiuate  {infra)  yielding  bromobenzene. 

Perbromide  of  AzophaiylammoniuTn,  C«H»N^Br«  =  (C*H*N")  |]!^]}jt  _Thi8  com- 
pound, probably  analogous  in  constitution  to  the  tri-iodide  of  tetrethylammonium,  is 
produced  by  the  action  of  bromine  on  nitrate  of  azophenylamine.  On  adding  a  small 
quantity  of  bromine-water  to  an  aqueous  solution  of  the  nitrate,  a  white  crystalline  pre- 
cipitate of  tribromophenic  acid  is  usually  obtained,  owing  to  the  presence  of  a  small 
quantity  of  phenol  formed  from  the  decomposition  of  the  nitrate  by  water.  On  re- 
moving this  precipitate  as  quickly  as  possible  and  adding  a  large  excess  of  bromine- 
water  to  the  filtrate,  perbromide  of  azophenylammonium  separates  as  a  brownish-red  oil, 
which  when  separated  from  the  mother-liquor  quickly  solidifies  in  a  crystaUine  mass ; 
it  may  be  purified  by  washing  with  ether,  or  by  dissolving  it  in  cold  alcohol,  leaving 
the  solution  to  evaporate  spontaneously  in  shallow  vessels,  and  then  washing  the 
residue  with  a  little  ether  to  remove  an  oily  product  of  decomposition. 

Perbromide  of  azophenylammonium  crystallises  in  yellow  plates  insoluble  in  water, 
rather  difficultly  soluble  in  alcohol,  insoluble  in  ether.  It  is  comparatively  stable  in 
the  dry  state,  but  decomposes  quickly  in  alcoholic  solution.  When  heated  it  gives  off 
bromine  and  nitrogen  and  is  converted  into  bromobenzene : 

C'H^N'Br'     «     CH^Br  +  N*  +  Br«. 

In  decomposing  large  quantities  of  the  perbromide  in  this  manner,  it  should  be 
mixed  with  carbonate  of  sodium,  otherwise  a  violent  explosion  is  likely  to  occur. 
Bromobenzene  is  likewise  formed  on  heating  the  perbromide  with  alcohol,  and  separates 
aa  a  heavy  oil  on  adding  water  to  the  solution. 

With  aqueous  ammonia  the  perbromide  yields  azophenylene-diamine  (diazo- 
benzolimide  of  Griess)  and  bromide  of  ammonium : 

C*H*N2Br*  +    4NH>     »    (^"^Xj^^  +   3NH*Br. 
Ferbronilde.  Aiophenjlene-diamine. 

Chlorine-compounds. — The  hydrochlorate  is  obtained  by  treating  an  aqueous 
solution  of  the  nitrate  with  moist  chloride  of  silver. 

Chloroaurate,  C*H*N*.HCL AuCl".  — Obtained  on  adding  trichloride  of  gold  to  an 
aqueous  solution  of  the  nitrate,  as  a  light  yellow  crystalline  precipitate  insoluble  iu 
water,  but  soluble  in  alcohol,  &om  which  it  cirstalliscs,  on  cooling,  in  small  golden 
yellow  plates:  it  cannot  however  be  recrystallised  without  loss,  and  is  completely 
decomposed  by  continued  boiling  with  alcohol. 

Suljjhydric  acid  gas  passed  through  water  in  which  this  gold- salt  is  suspended,  con- 
verts it  into  trifiulphide  of  gold,  and  a  volatile  oily  liquid  isomeric  with  phenyl- 
mercaptan  (p.  418.) : 

This  liquid  has  an  odour  of  mercaptan,  but  is  not  precipitated  by 'acetate  of  lead  or 
nitrate  of  silver.  A  small  portion  of  the  azophenylamine  undergoes  at  the  same  time 
a  different  decomposition,  resulting  in  the  formation  of  aniline : 

C«HW  +  8EPS    «    CmnX  +  NH«  +  S». 

Sulphydric  acid  passed  over  the  gold-salt  spread  in  a  thin  layer  over  the  inside  of  a 
glass  tube,  decomposes  it  into  hydrochloric  acid,  trisulphide  of  gold  and  azophenyl- 
amine ;  the  decomposition  of  larger  quantities  is  attend^  with  explosion. 

Chloroplatinate,  2(C«H<N.HCl).Pt"a«.— Precipitated  on  adding  platinic  chloride  to 
a  rather  concentrated  solution  of  the  nitrate,  in  fine  yellow  prisms  almost  insoluble  in 
alcohol  and  ether.    They  are  moderately  stable,  but  when  kept  for  some  time  acquire 
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a  brownish  colour,  and  are  gradually  but  completely  decomposed.  The  salt  defla- 
grates when  heated,  but  if  mixed  with  a  larpo  excess  of  carbonate  of  sodium,  barium, 
calcium,  &c^  and  heated  in  a  sand-bath,  it  is  quickly  decomposed  into  chlorobenzene, 
metallic  platinum,  chlorine,  and  nitrogen : 

2(C«H«N«.Ha)Pt'^CI*     -     2C«H»C1  +  Pt  +   CI*  +  N«. 

Nitrate  of  Azophenylamine^  C*H*N'.NHO'. — This  salt,  the  preparation  of 
which  has  been  already  described,  crystallises  in  long  white  needles  yery  soluble  in 
water^  less  soluble  in  alcohol^  almost  insoluble  in  ether^  and  in  benzene.  It  may  be 
dried  without  alteration  orer  oil  of  vitrioL  When  heated  even  below  100°,  it  explodes 
with  fearful  violence,  far  snrpassing  that  of  fulminating  mercury  or  iodide  of  nitrogen. 
The  explosion  of  a  gramme  of  it  causes  a  concussion  like  that  produced  by  firing  a 
pistol;  a  somewhat  larger  quantity  exploded  on  an  iron  slab  several  lines  thick 
smashed  it  to  atoms.  Friction,  pressure  and  percussion  also  cause  it  to  explode.  The 
smallest  particles  of  it  accidentidly  dropped  on  the  floor  of  a  room,  and  trodden  upon 
when  dry,  give  rise  to  a  series  of  explosions  attended  with  flashes  of  light. 

Nitrate  of  azophenylamine  is  resolved  by  boiling  with  water,  into  phenol,  nitric  acid 
and  free  nitrogen : 

C-HW-NHO"     +     H«0       «       C«H«0     +     NHO*     +     N». 

By  distillation  with  cdcohol,  it  is  resolved  into  dinitrophcnic  acid,  benzene,  and 
aldehyde,  togetlier  with  water  and  free  nitrogen : 

2(C«HW.NH0*)  +  C»H«0     -     OH^NO")?©  +   CH*  +  C«H*0   +  HH)  +  N«. 

A  cold  aqueous  solution  of  the  nitrate  left  in  contact  with  levigated  earbanaU  of 
barium,  slowly  gives  off  nitrogen  and  is  converted,  after  some  days,  into  a  mixture  of 
two  compounds  of  azophenylamine  with  phenol :  viz.  C**H**N'0  ■■  C*H*N*.C*H*0  and 
C"H»«N«0  «  2C«H«N'.C«H«0  {uid.  in/,),  the  mode  of  their  formation  being  as  follows  : 

2C«H*N«     +     H«0       «       C'«H"N«0     +     N» 
3C«IPN«     +     H»0       «       C"H"N*0     +     N«. 

On  mixing  very  concentrated  aqueous  nitrate  of  azophenylamine  and  caustic  potash, 
a  compound  of  azophenylamine  with  potassic  hydrate,  C'H^N'.KUO,  is  produced ;  but 
on  mixing  dilute  aqueous  solutions  of  the  two  bodies,  a  yellow  liquid  is  obtained,  which 
has  a  peculiar  odour,  soon  begins  to  give  off  nitrogen,  and  deposits  a  reddish-brown- 
substance  having  the  composition  C*'H'"NK) : 

4C«II^N*     +     H«0       «       C«*H«»N«0     +     N«. 

The  reaction  is  very  slow  at  common  temperatures,  but  takes  place  quickly  on  heating 
the  liquid,  the  redaish-brown  substance  being  then  separated  as  a  resinous  semifluid 
mass,  quite  insoluble  in  water,  only  slightly  soluble  in  alcohol,  even  at  the  boiling 
heat,  but  easily  soluble  in  ether,  and  remaining  as  a  resin  on  evaporating  the  ether. 
Its  powder  is  strongly  electric.  When  boiled  with  nitric  acid,  it  yields  a  yellowish 
crystalline  body. 

Alcoholic  potash  added  to  the  aqueous  nitrate  of  azophenylamine  produces  a  more 
complicated  reaction,  yielding  benzene  and  p  h  en  y  1,  in  addition  to  the  reddish-brown 
substance: 

C«H*N«      +     C*H«0       =       C«H«     +     C'H^O     +     N«. 

Axophenyl-  Alcohol.  Bensene.  Aldehyde, 

amine. 

2C«II*N«     +     C«H«0       -      C'«H"    +     C»H*0     +     N«. 

Phenyl. 
On  heating  the  liquid  in  a  retort,  the  benzene  passes  over  with  the  alcohol  and  may  be 
separated  by  addition  of  water,  while  the  phenyl,  being  less  Tolatile,  distils  over  after 
the  alcohol  and  crystalliaes  in  the  receiver.     It  melts  at  70°,  and  resembles  in  every 
respect  the  phenyl  obtained  by  Fit  tig  (p.  409). 

Dilute  aqueous  ammonia  added  to  an  aqueous  solution  of  nitrate  of  azophenylamine, 
forms  a  brown  mass  separable  by  alcohol  into  an  easily  soluble  and  a  sparingly  soluble 
portion.  The  latter  is  identical  with  the  compound  C^*H"N'0,  produced  by  the  action 
of  potash;  the  former  is  azodiphenyl-diamine,  C*'H**N',  produced  as  shown  by 
the  equation : 

2(0«H*N«.NHO»)  +   3NH»     =     C«H»N»  +  2(NH*.N0»). 

With  ^amiTK',  nitrate  of  azophenylamine  yields  perbromide  of  azophenylammonium. 
With  auric  and  platinic  chlorides,  it  forms  precipitates  of  the  chloroaurate  and  chloro- 
platinate  of  azophenylamine. 

With  aniline  in  aqueous  solution  it  forms  azodiphenyl-diamine  and  nitrate  of  aniline  : 

C«H«N».NHO»     +     2C«H'N      «      C"H"N*     +     C«H'N.NHO^ 
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In  like  manner  with  bromanUine  it  yields  broniAzodiphenjldiamine,  G^'H'^rN' ;  and 
with  naphthylaTnine,  it  forms  azonaphtbyl-phenyl-diamine  (see  Phentl-dujonss,  p. 
454): 

Oxyhenzamate  of  Aeophenylamine,  C»H"N»0»    -    C«nW.C'H'NO«,  or 

AgophenyUoxybenzaimc  acid^  (C*H*0)"  >-^. — Dias^bemol-amidohtneoic  acid  (Qri  est), 

H»       )^ 
— Obtained  by  mixing  an  aqneons  solution  of  1  at.  nitrate  of  azophenylamine  with  2  nt. 
oxybenzamic  acid,  separating  as  a  yellow  crystalline  precipitate,  t)io  ethereal  solution  of 
which  deposits  yellow  crystals^  to  be  purified  by  washing  with  cold  water : 

C«H*N«.NHO«     +     2C^H'N0«      »       C'«H»'N»0»       ♦     C'H*NO«.NHO«. 
Nitrate  of  Aso-  Oxjbentamic  Oxybenzamate  of  Nitrate  of  Oxybenaainic 

phenjlamine.  acid.  Axophenylamlne.  add. 

It  forms  small  indistinct  plates  or  crystalline  grains,  nearly  insoluble  in  water,  very 
sparingly  soluble  in  alcohol,  easily  soluble  in  ether.  Heated  on  platinum-foil,  it  melts 
and  is  rapidly  decomposed,  with  violent  evolution  of  gas.  Cold  dilute  mineral  acids 
act  upon  it  but  slowly,  but  decompose  it  speedily  with  aid  of  heat.  Ac<  tic  acid  even 
when  highly  concentrated  has  no  action  upon  it  in  the  cold,  but  destroys  it  when  heated. 
Solutions  of  ammonia,  potash,  and  carbonate  of  potassium  dissolve  it  readily,  with 
yellow  colour. 

Azophenyl-oxybenzamic  acid  exhibits,  with  bases,  the  behaviour  of  a  dibasic  acid, 
uniting  with  them  in  two  preparations.  All  its  salts  are  comparatively  stable:  those 
which  are  soluble  in  water,  the  potassium-salt  for  example,  will  even  bear  zecrystal- 
lisation.     With  the  oxides  of  silver  and  barium  it  forms  insoluble  precipitates. 

Like  most  amic  acids  it  exhibits  basic  as  well  as  acid  characters.  On  mixing  its 
ethereal  solution  with  an  alcoholic  solution  of  platinic  chloride,  a  chloroplatinats, 
C'«H'»N«0«.2HCl.Pt''Cl*,  is  precipitated  in  small  indistinct  yellowish-white  plates. 

Azophenylamine  forms  similar  compounds  with  paraoxybemamie  acid  (p.  352), 
oxyanisaviic  acid,  &c.,  which  are  obtained  in  like  manner  by  acting  on  nitrate  of 
azophenylamine  with  the  respective  acids. 

Phenates  of  Azophenylamine, — Two  of  these  compounds,  containing  respect^- 
iyely  the  elements  of  1  and  2  at.  azophenylamine  with  1  at.  phenol,  are  produced,  as 
already  observed  (p.  432^  by  the  action  of  carbonate  of  barium  on  a  cold  aqueous  solution 
of  nitrate  of  azophenylamine.  Nitrogen  is  then  slowly  evolved,  and  a  reddish-brown 
mass  is  formed,  consisting  of  the  two  compounds  just  mentioned  together  with  the  excess 
of  carbonate  of  barium;  and  on  filtering  off  the  solution  containing  nitrate  of  barium, 
removing  the  excess  of  carbonate  by  hydrochloric  acid,  and  treating  the  residue  with 
cold  alcohol,  the  compound  containing  the  larger  proportion  of  phenol  dissolves  out, 
while  the  more  basic  compound  remains  for  the  mqpt  part  undissolved. 

MonoazophenylamusPhmate,  C»H>*NK)  »  C«H«N^C*H«0,  ot  Azodiphenylamic  acid, 

^      m        c  Q. — To  purify  this  compound,  the  alcoholic  solution  obtained  as  above  id 

evaporated,  the  residue  is  treated  with  ammonia,  and  the  deep  yellow  solution  after 
being  filtered,  is  decomposed  with  hydrochloric  acid.  Azodiphenylamic  acid  is  then 
precipitated  in  crystals  which  may  be  further  purified  by  repeated  crystallisation  from 
weak  spirit.  It  is  almost  insoluble  in  cold  water,  slightly  soluble  in  boiling  water,  from 
which  it  crystallises  on  co»lin^  in  small  but  well-formed  rhombic  prisms  of  a  fine 
yellow  colour  with  a  tinge  of  violet.  From  alcohol  and  ether  (in  which  it  dissolves 
yery  easily)  it  usually  crystallises  in  brittle  brownish-yellow  nodules.  It  melts  at 
148°  to  a  brownish-yellow  oil  which  cannot  be  volatilised  without  decomposition,  but 
is  destroyed  at  a  higher  temperature,  with  formation  of  yellow  vapour. 

This  compound  possesses  slight  add  properties,  and  forms  saline  compounds  with 
certain  metals,  but  it  is  not  capable  of  decomposing  carbonates.  On  evaporating  its 
solution  with  aqueous  ammonia,  the  whole  of  the  ammonia  is  driven  ofEl  It  forms  a 
scarlet  precipitate  with  nitrate  of  silver. 

Diphenylamie  Phenats,  C"H'<N*0  -  20H«N*.C*HH),  or  Azotriphenylamie  acid, 

H'  Co  * — '^^  compound  may  be  obtained  pure  by  reci^stallising  the  less 

soluble  portion  of  the  reddish  brown  substance  above  mentioned,  once  or  twice  from 
strong  alcohol,  then  dissolving  it  in  ether,  and  leaving  the  solution  to  evaporat(*w 
Sometimes  however  it  is  contaminated  with  traces  of  another  substance,  to  remove 
which  it  must  be  dissolved  in  caustic  potash,  and  the  filtered  alkaline  solution  precipi- 
tated by  hydrochloric  acid.  It  crystallises  in  brownish-red  needles  or  plates,  easily 
soluble  in  ether,  sparingly  in  cold  alcohol  and  in  hot  wattr^  It  melts  at  113°  and 
Vol.  IV.  F  F 
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decomposes  at  a  higher  temperature  like  the  preceding  compoand.  It  is  neailj  seotral 
but  diMolves  easily  in  potoMh,  forming  a  ruby-red  solution,  iiith  difficulty  in  aqueous 
amTwmia,  and  not  at  all  in  aqueous  carbonate  of  potassium.  It  is  likewise  insoluble  in 
dilute  acids,  but  dissolves  in  concentrated  acids,  forming  blood-red  solutions  which 
decompose  when  heated. 

Sulphate  of  Azophenylamine^  CH'K'.SH'O^.  This  salt  may  be  obtuned  by 
the  action  of  nitrous  acid  on  sulphate  of  aniline  suspended  in  water,  or  more  con- 
Teniently  by  treating  a  concentrated  aqueous  solution  of  Uie  nitrate  with  dilute  sulphuric 
acid,  mixing  the  resulting  solution  with  3  voL  absolute  alcohol,  and  then  with  ether^ 
which  causes  the  sulphate  of  azophenylamine,  together  with  some  water,  to  separate 
in  a  layer  at  the  bottom,  while  the  liberated  nitric  acid,  together  with  excess  of  sul- 
phuric acid,  remains  mixed  with  the  supernatant  alcohol  and  ether.  This  latter  is 
decanted,  the  solution  of  the  sidphate  once  more  treated  with  absolute  alcohol  and 
precipitated  by  ether,  and  the  precipitated  liquid  placed  in -flat  dishes  over  oil  of 
yitrioL  It  then  solidifies  to  a  magma  of  crystids,  wnich  must  be  washed  on  a  filter 
with  a  mixture  of  alcohol  and  ether,  to  remove  any  traces  of  sulphuric  acid  and  phenol 
produced  by  partial  decomposition  of  the  sulphate,  then  dissolved  in  cold  weak  alcohol, 
precipitated  by  ether,  and  the  crystals  quickly  dried  over  oil  of  vitriol. 

Sulphate  of  azophenylamine  ciystallises  in  prisms,  which  dissolve  readily  in  water, 
with  difficulty  in  absolute  alcohol,  and  not  at  all  in  ether.  The  aqueous  and  alcoholic 
solutioas  decompose,  with  evolution  of  gas,  on  boiline.  When  exposed  to  the  air,  the 
salt  rapidly  absorbs  moisture,  becomes  liquid,  and  gradually  decomposes.  When 
heated  alone,  it  deflagrates  feebly  at  about  100°. 

Sulphate  of  azophenylamine  heated  with  concentrated  ttdphurie  acid,  gives  off  the 
whole  of  its  nitrogen  and  is  converted  into  disulphophenylenic  acid,  CH^SK)*a 
C«H*.2SH«0<  (see  Sulphuric  Ethbes)  : 

C*H«N«.SH*0*     +    *SH*0«      -       C«H»S«0*     +     N«. 


GoKPOUKDS  OF  AzopRBNTLAifiNB  WTiH  Basbs. — o.  With  HydraU  of  Potassium, 
C*H*N'.KHO.  On  adding  a  veiy  concentrated  solution  of  nitrate  of  azophenylamine, 
drop  by  drop,  to  strong  aqueous  potash,  a  yellowish  liquid  is  obtained,  having  a 
peculiar  aromatic  odour  and  solidifying  by  evaporation  over  the  water-bath  to  a 
crystalline  mass,  which  is  a  mixture  of  the  compound  of  potassic  hydrate  and 
azophenylamine  with*  nitrate  of  potassium,  and  a  brownish-red  body,  the  result  of  a 
secondary  reaction.  The  crystalline  mass  is  put  into  a  strong  Unen  doth  and  well 
squeezed  between  porous  stones,  to  remove  the  excess  of  potash ;  the  dry  cake  is  then 
treated  with  absolute  alcohol,  which  readily  dissolves  the  compound  of  potassic  hydrate 
and  azophenylamine,  leaving  the  nitre  undissolved  ,*  the  alcoholic  filtrate  whidi  has  an 
intense  reddish-brown  colour  (due  to  the  above-mentioned  secondaiy  product)  is 
evaporated  over  the  water-bath  ;  and  the  residue  is  once  more  pressed  and  washed  with 
a  mixture  of  alcohol  and  ether  to  remove  the  reddish-brown  substance.  By  again  press- 
ing the  nearly  white  cake  thus  obtained,  dissolving  it  in  a  small  quantity  of  absolute 
alcohol,  filtering,  and  adding  a  sufficient  amount  of  ether,  the  compound  is  precipitated 
in  small  white  crystals  which  must  be  immediately  dried  over  oil  of  vitrioL 

It  crystallises  m  small  white  soft  vlates,  becomes  reddish  by  exposure  to  the  air,  is 
easily  soluble  in  water  and  in  alcohol,  insoluble  in  ether.  The  solutions  have  a  strong 
alkaline  reaction.  The  freshly  prepared  aqueous  solution  is  but  slightly  coloured ;  but 
by  keeping  for  a  short  time  it  acquires  a  yellow  colour,  and  ultimately  deposits  a 
reddish-yellow  substance.  The  decomposition  does  not  appear  to  be  much  accelerated 
by  boiling.  The  dry  substance  is  very  stable.  When  heated  alone  it  explodes  with 
a  slight  report  at  a  little  above  130^. 

/9.  With  HydraU  of  SUver,  C«H*N«.  AgHO.  Obtained  as  a  white  or  slightly  choco- 
late-coloured precipitate  by  heating  a  freshly-prepared  solution  of  the  potassium 
compound  with  nitrate  of  silver.  After  removing  the  motheivliquor,  the  precipitate 
is  thoroughly  washed  with  water,  dried  by  pressing  between  filter-paper,  and  finally 
over  oil  of  vitriol.  It  is  insoluble  in  all  the  ordinary  neutral  solvents.  Nitric  acid, 
even  when  cold,  dissolves  it  with  great  facility.  It  is  remarkably  stable,  not  exhibiting 
the  slightest  sign  of  decomposition  even  after  being  kept  for  weeks.  It  explodes 
with  some  violence  when  heated. 

•y.  With  Hydrate  of  Barium,  Precipitated  by  adding  the  solution  of  a  very  soluble 
barium-salt  to  a  moderately  concentrated  solution  of  the  potassium-compound,  in 
white,  microscopic,  indistinct  needles  or  plates,  which  become  yellowish  from  gradual 
decomposition.    It  is  sparingly  soluble  in  water. 

8.  The  compound  of  azophenylamine  with  hydrate  of  tine  is  a  white  amorphous 
powder,  insoluble  in  water.  The  lead -compound  is  also  a  white  powder,  but  quicklv 
turns  yellow.  With  cupric  sulphate  a  brown  precipitate  changing  to  green  is  obtaineo. 
Mercuric  chloride  gives  no  precipitate. 
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Ck>in>otnn)B  of  AxopHBznrLAMDni  with  othbk  OboaIhc  Basks. — Azophenylaminc, 
as  already  obsenred  (p.  432V  unites  with  aniline,  bromaniline,  and  naphthylamine, 
forming  compounds  which  oaye  the  constitution  of  phenyldiamines,  and  will  be 
described  under  that  head  (p.  459). 

2.  Bromophenylamine8, 

MoBoliromoplieiiylaiiilne  or  Bromanillne,  G^H^rK  »  ^*S1^''[n^.    (Hof- 

mann,  Ann.  Ch.  Pharm.  liii.  42. — E.  J.  Mills,  Proc  Roy.  Soc  x.  689.— Griess, 
Phil.  Trans.  1864  [3],  718). — Of  this  base  there  are  two  isomeric  modifications,  a  and 
iS,  exactly  resembling  one  another  in  their  chemical  deportment,  but  difltingiiished  by 
certain  physical  properties,  both  in  the  free  state  and  in  combination  with  acids. 

Alpha-bromandine  is  prepared:  1.  By  heating  bromisatin  with  potash,  just  as 
aniline  itself  is  obtained  from  isatin  (p.  420): 

C«H«BrNO«     +     4KH0       «       C«H«BrN     +  .  2K'C0«     +     H«. 

The  distillation  is  continued  till  the  residue  is  nearly  dry,  and  gives  off  a  brown  oil 
which  no  longer  solidifies.  The  oily  drops  which  passed  over  at  the  beginning  of  the 
distillation  and  have  solidified  in  the  crystalline  form,  are  then  washed  on  a  filter  with 
water  and  reoystallised  from  boilins  alcohol  ^Hofmann). — 2.  By  distilling  dibromo- 
phenyhicetamide  (p.  418)  with  potash  (Mill8).-^3.  By  the  action  of  nascent  hydro- 
gen (generated  by  the  action  ox  zinc  and  sulphuric  acid)  on  an  alcoholic  solution  of 
azobromophenylene-diamine : 

When  the  addition  of  water  no  longer  forms  a  precipitate,  the  bromaniline  may  be 
separated  by  evaporating  the  alcoholic  solution  orer  a  water-bath,  and  distilling  with 
potash  (Griess). — 4.  By  the  action  of  sulphide  of  ammonium  on  /3-bromonitro- 
benzene  (p.  416). 

3-Bromaniline  is  obtained  by  the  action  of  sulphide  of  ammonium  on  »-bromo« 
nitrobenzene  (p.  416). 

Properties. — Alpha-bromaniline  crystallises  in  colourless,  regular  octahedrons,  ex- 
actly like  chloraniltne  (B  ofmann)  ;  that  prepared  from  phenylacetamide  sometimes 
crystallises  in  needles  (Mills);  always  in  octahedrons  (Griess).  It  melts  at  60° 
(Hofmann);  67°  (Griess);  and  solidifies  again  at  46°  (llofmann).  In  odour 
and  taste  it  resembles  chloraniline.. 

^-bromaniline  is  an  oil  which  does  not  solidify  even  in  winter.     (Griess.) 

Bromaniline  (both  varieties)  is  easily  reduced  to  aniline  by  potassium'amalpam. 
With  excess  of  bromide  of  ethyl,  it  is  quickly  converted  into  hydrobromate  of  etbyl- 
bromaniline,  C*H'*BrN.HCL  Its  aqneous  solution  imparts  a  violet  colour  to  aqueous 
chloride  of  lime,  weaker  than  that  produced  by  aniline,  but  stronger  than  that  proiduced 
by  chloraniline.  Its  salts  colour  chloride  of  lime  red-brown  and  firwood  yellow.  Brom- 
aniline dissolves  readily  in  eulphide  of  carbon, 

Hydrochloraie  of  a-bromaniline,  C*H*BrN.HCl,  crystallises  from  boiling  water  in 
nacreous  radiated  fibres,  but  by  evaporation  over  oil  of  vitriol,  in  well-defined  mono- 
clinic  prisms  (Hofmann).     Hydrochlorate  of  i3-bromuniline  forms  white  nacreous 
-brilliant  plates,  which  are  readily  soluble  in  water  and  alcohol,  and  quickly  turn  red 
when  exposed  to  the  air.     (Griess.) 

Thechloroplatinateofarbromaniliney  2C*H*BrKH*Cl*.Pt*^Cl*,  precipitated  on  mixing 
hydrochlorate  of  a-bromaniline  with  platinic  chloride,  closely  resembles  the  corres- 
ponding compound  of  chloraniline  (Hofmann).  The  corresponding  salt  of  fi-bro- 
maniline  crystallises  in  yellow,  often  well-formed  prisms,  much  more  soluble  than  the 
slender  hishly-lustrous  plates  of  the  o-salt.    (Griess.) 

•  The  oxMate,  2C*H'BrN.CH'0^  precipitated  from  alcoholic  a-bromaniline  by  aqueous 
oxalic  add,  and  crystallised  from  boiling  water,  forms  indistinct  crystals,  sparingly 
aolable  in  water  and  alcohoL 

]UbroiiioplMDytaiiilneoraM1iromaiillliie,C*H>Br*N  -  ^^^'^''|  N.  (Hof- 
mann, Ann.  Ch.  Pharm.  liii.  47. — Griess,  ibid.  exxi.  257.) — Prepared:  1.  By 
distilling  dibromisatin  with  caustic  potash,  washing  the  distilled  and  crystallised  oil 
with  water,  and  crystallising  from  boiling  alcohol  (Hofmann). — 2.  By  adding  bro- 
mine to  phenylacetamide  suspended  in  water,  till  it  is  converted  into  a  reddish  resin- 
ous mass,  consisting  mainly  of  dibromophenylacetamide  (C*H'Br')(C'H'0)HN,  and 
subjecting  this  product  to  distillation  with  potash.  Dibromaniline  then  passes  over 
in  oily  drops  which  solidify  to  white  needles.  On  dissolnng  this  product  in  warm 
moderatelj^ strong  hydrochloric  acid,  any  tribromaniline  that  may  be  present  remains 

TV2 
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undissolred,  and  on  OTaporating  the  hydrochloric  acid  solution  to  dryness,  and  treating 
the  residue  with  hot  water,  dibromaniline  alone  remains  nndissoWed,  while  traces  of 
hydrochlorate  of  monobromaniline  are  taken  up  by  the  water.     (Q-ri ess.) 

Large,  flat,  somewhat  rhombic  prisms,  melting  between  60°  and  60^  to  a  dark- 
colouKd  oil,  which  often  remains  liquid  long  i^r  cooling,  but  then  crystallises 
suddenly  on  agitation  (Hofmann).  Crystallises  from  alcohol  in  needles  or  long 
laminae,  which  melt  at  79-6°.   (Griess.) 

Dibromaniline  dissolves  sparingly  in  wateTf  forming  a  liquid  which  becomes  turbid 
on  cooling  and  gradually  deposits  slender  needles ;  it  is  soluble  in  alcohol.  It  is  a 
very  weak  base ;  its  solution  in  acids  colours  firwood  yellow ;  it  is  precipitated  by 
alkalis.  It  forms  ciystallisable  salts,  which  however  are  less  stable  than  those  of 
bromaniline. 

The  solution  of  dibromaniline  in  boiline  hydrochloric  acid,  yields  on  cooling,  laminae 
containing  13'31  percent,  hydrochloric  acid;  when  they  are  dissolved  in  water,  part 
of  the  base  separates  in  thin  oily  drops ;  and  the  solution  evaporated  under  a  bell-jar 
over  lime,  which  abstracts  the  greater  part  of  the  hydrochloric  add,  deposits  nearly 
pure  crystalline  dibromaniline  (Hofmann).  The  hydrochloric  acid  solution  forms  a 
cr}'stalline  orange-yellow  precipitate  with  platinic  chloride.  The  hydrochloratefCH.''Bi^, 
cn-stnllises  in  tufts  resembling  palm-branches ;  the  easily  decomposlble  platinuTn-^t, 
2(>H*Br«N.H«CP.Pt»^a\  in  yeUow  prisms.    (Griess.) 

Trtliromoplienylaiiiliie  or  Trlbromanlllne.     C^^r^     -     ^^^^|n. 

(Fritzsche,  J.  ^t.  Chem.  zzviii.  204. — ^Hofmann,  Ann.  Ch.  Pharm.  liii  50).*~ 
BroinanUmd  (Fritzsche). — Preparation,  1.  Dry  bromine  is  mixed  with  aniline  in 
such  proportion  that  the  mixture  solidifies  completely  after  a  while  in  the  oystalline 
form,  after  which  alcohol  is  added,  and  also  more  bromine  till  its  odour  becomes  per- 
manent The  greenish-grey  crystalline  magma  of  tolerably  pure  tribromaniline  is  tneii 
separated  by  filtration  from  the  greenish-yellow  alcoholic  liquid,  which  contains  hydro- 
bromic  acid  and  the  decomposition-products  of  the  alcohol,  and  deposits  more  tribro- 
maniline when  mixed  with  water;  after  which  it  is  washed  on  the  filter  with  alcohol 
and  dissolved  in  hot  alcohol:  the  solution  thus  obtained  yields  nearly  colourless 
crystals  (Fritzsche). — 2.  The  aqueous  solution  of  an  aniline-salt  is  mixed  with 
aqueous  bromine,  which  disappears  and  produces  a  white  turbidity  and  precipitation 
of  microscopic  needles,  the  addition  of  bromine  being  continued  till  the  precipitation 
ceases  and  a  slight  odour  of  bromine  remains ;  the  precipitated  powder,  which  has  a 
reddish  tint  arising  from  a  decomposition-product,  is  collected,  and  freed  from  this 
impurity  by  distilUtion  in  a  small  retort ;  and  the  distillate,  which  solidifies  in  a 
crystalline  mass,  is  recrystallised  from  boiling  alcohol  (Fritzsche). — 3.  An  aqueous 
solution  of  h^drochlorate  of  bromaniline  is  mixed  with  aqueous  bromine,  and  the  Tiolet- 
white  precipitate  is  distilled  with  water,  whereby  snow-white  crystals  are  obtained  at 
first,  but  afterwards  violet  crystals  which  cannot  be  decolorised  by  recxystaUiaation 
from  alcohol.    (Hofmann.) 

Properties. — Tribromaniline  crystallised  from  hot  alcohol  forms  colourless,  shining 
long,  slender  needles ;  but  when  solidified  after  ftision,  it  is  of  a  crystalline  texture, 
brittle  and  easily  pulverised.  Melts  at  117^  to  a  clear  liquid;  boils  at  about  300^; 
distils  over  unchanged  (Fritzsche),  and  sublimes  in  radiating  crystals  having  a  silky 
lastre  (Hofmann).  It  is  insoluble  in  water ;  sparingly  soluble  in  cold,  easily  in' 
boiling  alcohol  and  ether.  It  is  not  basic,  and  does  not  dissolve  either  in  dilute  acids 
or  in  alkalis.  Strong  boiling  nitric  acid  decomposes  it  Warm  strong  stdpkuric  acid 
dissolves  it  without  decomposition,  acquiring  a  purple  colour  from  decomposition 
only  when  heated  nearly  to  the  boiling  pomt  Strong  potashrley  has  no  action  on  it, 
eyen  at  the  boiling  heat 

AaobromopbeiijrUuBiliie  or  IHaeobromobengene,  CfH^rN*  »  V^^^^  )  l^^^ 

(Griess,  Proc.  Bo^.  Soc.  1864  [3]  695.) — The  nitrate  of  this  base  is  produced  by  the 
action  of  nitrous  acid  on  an  aqueous  solution  of  nitrate  of  bromaniline  or  an  ethereal 
solution  of  azobromodiphenyl-diamine,  just  in  the  same  manner  as  azophenylamine  is 
prepared  from  nitrate  of  aniline  or  fiom  azodiphenyldiamine  (p.  429).  In  the  former 
case  the  nitrous  acid  gas.  must  be  passed  very  rapidly  at  first;  otherwise  azobromodi- 
phenyldiamine  will  be  formed,  which  is  yeiy  difficult  to  convert  into  nitrate  of  azo* 
bromophenylamine  in  an  aqueous  solution.  The  product  obtained  by  either  prooess 
may  be  punfied  by  repeated  solution  in  alcohol  and  precipitation  with  ethers. 

The  concentrated  aqueous  solution  of  the  nitrate  treated  with  strong  caustic  potash, 
yields  the  compoxmd  C*H*BrN*.KHO,  from  which  the  azobromnphenylamine 
may  be  separated  by  dilute  acetic  acid  in  slender  bright  yellow  needles.  It  may  al«> 
be  obtained  as  a  bright  yellow  amorphous  precipitate  by  adding  potash  to  tile  aqueous 
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Bolntion  of  the  nitrate.     In  either  case  it  must  be  quickly  removed  from  the  mother- 
liquor  and  dried  over  oil  of  vitrioL 

Azobromophenylamine  is  a  very  dangerona  componnd,  the  slightest  pressure  or  even 
contact  with  a  roagh  object  causing  it  to  go  off  in  a  fiery  explosion,  equalling,  if  not 
exceeding  in  violence  that  of  azophenylamine.  It  is  much  more  stable  at  ordinary 
temperatures  than  azophenylamine ;  nevertheless  it  does  not  Ions  remain  unchanged, 
and  after  being  kept  for  some  time,  leaves  a  reddish-brown  residue  which  no  longer 
explodes  even  when  heated,  and  appears  to  have  lost  all  its  nitrogen.  Ether  dissoWes 
azobromophenylamine  with  evolution  of  gas,  frequently  violent  enough  to  cause  explo- 
sion. Axobromophenylamine  when  recently  prepared  dissolves  in  potash  and  in 
mineral  acids. 

Salts  of  AzoBBOXoPHBNTLAJainL  These  salts  may  be  formed  by  direct  combina- 
tion of  the  base  with  acids,  but  more  conveniently  by  methods  simikr  to  those  already 
described  for  the  preparation  of  salts  of  azophenylamine. 

The  hydrobromate,  C'H'BrN'.HBr,  is  obrained  by  decomposing  a  solution  of  the 
sulphate  with  bromide  of  barium,  or  by  the  action  of  an  ethereal  solution  of  bromine  on 
an  ethereal  solution  of  azobromodiphenyldiamine : 

C»«H»Br«N»  +  Br*     -     C«H>BrN«.HBr  +   C«H*Br^  +  HBr. 
Aisbromodtpheojl-  Hydrobromate  of       Tribromanlline. 

cUamlnt.  AxobromopheojU 

amine. 

It  forms  white  shining  scales,  very  soluble  in  water,  less  soluble  in  alcohol,  insoluble 
in  ether.  In  the  dry  state  it  may  be  kept  for  a  long  time  without  decomposition. 
'When  heated,  it  explodes  almost  as  violently  as  the  nitrate.  Its  aqueous  solution 
treated  with  moist  chloride  of  silver  yields  the  hydrochlorate. 

The  bromovlatinate,  2(CH'BrN'.HBr)Pt''Br\  is  obtained  by  precipitation  in  ruby- 
red  crystals ;  wnen  heated  with  carbonate  of  sodium,  it  splits  up  as  shown  by  the  equation : 

2(0'H>BrN».HBr).PtBr*     =     2C«H»Br«  +  Br«  +  N«  +  Pt. 
BromopUtinata.  Dibromo- 

beniene. 

Perbromide  of  Azobromophenylammonium,  C^H^BrWBr*,  is  obtained,  by 
treating  the  hydrobromate,  nitrate,  or  sulphate  with  excess  of  bromine-water,  as  an 
orange-coloured  crystalline  precipitate;  sometimes  also  in  the  preparation  of  the 
hydrobromate  from  azobromodiphenyldiamine,  in  which  case  the  nydrobromate  may 
bi^  dissolved  out  from  it  by  washing  with  cold  water. 

The  perbromide  crystallises  from  solution  in  a  small  quantitv  of  oold  alcohol  in 
oninge-coloured  monodinic  prisms,  insoluble  in  water,  freely  soluble  in  warm,  sparingly 
in  cold  alcohol,  very  sparingly  in  cold  ether.  When  heated  alone  or  with  carbonate 
<^  sodium  it  is  resolved  into  dibromobenzene,  bromine  and  nitrogen : 

Cm«BrN».Br»     -     C«H*Br«  +  Br*  +  N». 

It  is  also  converted  into  dibromobenzene  by  boiling  its  alcoholic  solution.      With 

aqueous  ammonta  it  yields  azobromophenylene-diamine,^       ^  HM^* 

C«H*BrN«.Br>  +  4NH«     c     C«H*BrN»  +   3NH*Br. 

In  like  manner  with  etiiylamine,  phenylamine,  &c.,  it  yields  ethyl-  and  phenyl- 
azobromo-phenylene-diamine,  &c 

Hydrochlorate  of  Aeobromophenylamine,  OH*BrN'.IICl,  is  obtained  by 
decomposing  the  aqueous  hydrobromate  with  moist  chloride  of  silver.  The  chloro- 
aurate,  OH'BrN'.HClAuCl',  is  precipitated  by  auric  chloride  from  the  aqueous  nitrate 
as  a  yellow  oil  which  soon  solidifies  to  a  cryst^ine  mass.  It  is  insoluble  in  water, 
but  dissolves  in  warm  alcohol,  crystallising  therefrom  in  small  golden-yellow  shining 
plates.  It  is  decomposed  by  sulphydric  acid  in  the  same  manner  as  the  gold-salt  of 
azophenylamine  (p.  430).  The  chloroplatinate,  2(C«H»BrN«.HCl)Pt"Cl*,  is  pre- 
cipitated by  platinic  chloride  from  the  nitrate  or  sulphate,  in  small  yellow  crystals 
which  appear  under  the  microscope  as  fractured  plates  and  are  almost  insoluble  in  any 
neutral  solvent  They  are  stable  at  100^.  Heated  with  carbonate  of  sodium  it  yieldis 
chlorobiomobenzene  according  to  the  equation : 

2(C«H^rN«.Ha)JPta*     -     2C^*Bra  +   Pt  +  CI*  +  N« 

Nitrate,  Cn9*BrN*.NH0*.— Prepared  as  above  described  (p.  436).  Crystallises  in 
pure  white  scales  or  regular  rhombic  plates,  veiy  soluble  in  water,  sparingly  soluble 
in  strong  alcohol,  almost  insoluble  in  ether.  It  explodes  when  heated,  struck,  or  pressed, 
bttt  not  BO  violently  as  nitrate  of  azophenylamine.  When  boiled  with  water  it  is 
resolved  into  bromophenie  add,  nitric  acid,  and  free  nitrogen : 

C*H«BrN«.NHO«     +     H«0       «      C«H»BrO     +     NHO«     +     N*. 
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Boiled  with  alcohol ,  it  yields  bromobenzene  and  probably  bromodinitiopheiiic  acid: 
2(C«n»BrN2.NHO«)     +     C'H«0       «       C«H*Br    +    C«H»Bp(NO«)«0    +    C*H*0 


Nitmte  or  Azobrotno- 

Akuhul. 

Bromubeniene. 

Bromodinitroirfieiiic 

Aidefajde. 

phenjrlamine. 

« 

acid. 
+      H*0      + 

N*. 

With  ammonia^  it  forms  azodibromodiphenyldiamine,  together  with  a  yellow  body: 

2C«H'BrN«     +     NH"       «       C"H»Br«N»     +     N*. 

The  same  compound  is  fonned  on  adding  a  concentrated  aqneoussQlntionof  the  nitrate 
to  an  alcoholic  solution  of  bromaniline : 

C«H'BrN«     +     C«H«BrN       -      CwH»Br*N*; 

With  aniline^  the  nitrate  yields  azobromodiphenyldiamine : 

C«H»BrN«.NHO«     +     2C^^      -      C"H"BrN»     +     (^WN.NHO', 

identical,  or  at  least  isomeric,  with  the  product  obtained  by  the  action  of  bromaniline 
on  nitrate  of  azophenylamine  (p.  432). 

The  aqueous  solution  of  the  nitrate  mixed  with  oxybenzamic  acid  yields  azobromo- 
phenyl-oxybenzamicacid,  C*'H*"BrN*0*,  wh  ich  crystallises  from  ether  in  small 
roundish  lumps  of  small  needles  or  plates,  and  in  eyeiy  other  respect  is  similar  to 
azophenyl-oxybenzamic  acid  (p.  433). 

Sulphate  of  Azohromophenylamine^  CH'BrN'.SH'O*,  obtained  by  the  action 
of  sulphuric  acid  on  the  nitrate,  crystallises  in  very  fine  colourless  prisms,  Tery  soluble 
in  water,  sparingly  soluble  in  alcohol,  almost  insoluble  in  ether.  It  is  comparatively 
stable,  and  may  be  recrystallised  from  water,  without  the  slightest  decomposition,  by 
evaporation  over  oil  of  vitriol.  It  explodes  by  heat  and  is  decomposed  by  boiling  icatrr. 
When  heated  with  sulphuric  acid^  it  is  converted  into  a  sulpho-acid,  probably  disul- 
phobromophenylenic  acid,  C*H'Br.2SH'0*. 

COKPOUNDS  OF  AZOBKOMOPHENTLAUINE  WITH  METALLIC  HyDBATES. — The  potOSSium- 

compound,  CH'BrN^.KHO,  is  prepared  and  purified  exactly  like  the  corresponding 
compound  of  azophenylamine,  &om  which  it  differs  in  being  precipitat-ed  ixom.  ita 
alcoholic  solution  by  ether  as  a  white  gelatinous  mass,  and  not  in  crystals. 

The  silver-saltf  C^H'BrN'.AgHO,  is  an  almost  insoluble  precipitate^  very  similar  to 
the  corresponding  compound  of  azophenylamine  (p.  433). 

AxodlbromoplienylaiDiiie  or  Diazodibromobenzenet  C*H*Br'N^  (G  r  i  e  s  s,  PhiL 
Trans.  1864  [3]  704). — The  nitrate  of  this  base  is  obtained  by  passing  a  rapid  current 
of  nitrous  acid  into  aqueous  nitrate  of  dibromaniline  containing  free  nitric  acid,  then 
leaving  the  solution  to  evaporate  spontaneously,  dissolying  the  residue  in  weak  alcohol, 
and  precipitating  with  ether.  It  can  be  recrystallised  from  water  or  alcohol  by 
evaporation  below  the  boiling  points  of  the  respective  solutions.  The  aqueous  solution 
is  remarkably  stable,  not  being  completely  decomposed  even  by  several  hours  boiling. 
The  salt  crystallises  in  fine  white  needles  or  elongated  hexagonal  plates.  It  does  not 
detonate  so  violently  as  the  nitrates  of  azophenylamine  and  azobromophenylamine. 

The  pefbromide^  0*H"Br^N".Br",  produced  by  adding  bromine-water  to  the  aqueous 
nitrate,  is  precipitated  in  bng  slender  needles.  By  boiling  with  alcohol^  it  yields 
tribromobenzene,    C*H'Br'.      Aqueous    aniTnonia    converts  it  into    azodibromo- 

(C^HN'")") 
phenylene-diamine,  C^H'Br'N"  «       Br»       >N«. 

H«        ) 

Thechloroplatinate,  2(C«H«BrN«.HCl)Pt"Cl*,  separates  on  adding  pUtinic  chloride 
to  the  hydrochlorate,  in  small  orange>coloured  oval  plates,  sparingly  soluble  in  water. 

3.  CK}forophenylamine8. 

XMConocbloroplienylamSne,  or  cmoranlllne,  CH'CIN     «     ^"^^^^fN.— Of 

this  base  there  are  also  two  modifications,  analogous  to  a-  and  iS-bromaniline,  exhibiting 
corr(^sponding  difference  of  physical  properties  and  pro<luced  by  analogous  reactions. 
The  first  was  discovered  by  Hofmann  (Ann.  Ch.  Pharm.  liii.  1);  the  second  by 
Griess  (Phil.  Trans.  1864  [3]  713). 

Preparation  of  a-chloraniline. — 1.  Chlorisatin  is  distilled  with  potash-ley  or  hydrate 
of  potassium,  till  the  residue  has  become  solid,  gives  off  ammonia  together  with  the 
hydrogen,  and  yields  a  blue  sublimate  and  a  brown  oil  whidi  no  longer  solidifies  on 
cooling.  The  solidified  oil  which  first  passed  over  is  then  collected  on  a  £ter,  freed  from 
.ammonia  by  water,  and  crystallised  from  boiling  alcohol  (Hofmann). — 2.  Chloao- 
phoTiylacetamide,  (C''H*C1)(C*H'0)HN  (obtained  by  the  action  of  chlorine  on  phenyl- 
acetamide),  yields  by  distillation  with  potash,  a  large  quantity  of  chloraniline  (Mills). 
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3.  By  the  action  of  sulphide  of  ammoniam  on  jB-nitixHshlorobenzene  (p.  4 1 6)  (O  r  i  e  s  s). 
— iS-chloraniline  in  obtamed  by  the  action  of  sulphide  of  ammonium  on  a-nitrochloro- 
benzene.    (Griess.) 

Properties. — Alpha-chloraniline  czyatallises  in  octahedrons  having  a  diamond  lustre, 
heayier  than  water,  melting  between  64^  and  66^,  into  a  yeUow  oil  which  solidifies  at 
67^  in  latge  octahedrons.  It  eyaporates  even  at  ordinaiy  temperatures,  so  that 
hydrochloric  acid  held  over  it  produces  fiimes ;  may  be  easily  distilled  with  water ; 
boils  by  itself  at  a  temperature  above  200^,  and  with  some  decomposition,  so  that, 
together  with  the  oil,  the  above-mentioned  blue  product  passes  over.  It  has  an  agree- 
able vinous  odour  and  an  aromatic  burnine  taste  like  that  of  aniline ;  does  not  act 
upon  red  litmus  or  turmeric,  but  turns  dahlia  flowers  green. — jB-chloraniline  is  an  oil 
wnich  remains  liquid  at  common  temperatures. 

Chloraniline  (aor  iS)  dissolves  sparingly  in  water,  the  boiling  solution  becoming  milky 
and  depositing  octahedral  oystiils  in  cooling ;  soluble  in  wood-^rity  in  alcohol  (readily 
when  not),  in  ether  (which  abstracts  it  fh:>m  the  aqueous  solution),  in  acetone,  and 
easily  in  sulphide  of  carbon ;  idso  in  oils^  both  fixed  and  volatile.  The  hot  saturated 
aqueous  solution  mixed  with  tincture  of  galls  forms  vellow  flakes  on  cooling. 

J}ecompositunu. — 1.  Chloraniline  bums  with  a  bright^  strongly  fuliginous  flame, 
having  a  bright  green  border. — 2.  Chlorine  together  with  water,  converts  chloraniline, 
partly  into  Irichloraniline,  putly  into  trichlorophenic  acid : 

C»H«C1N     +     a*      -      C^*a>N     +     2HC1; 
and: 

[C«H«C1N     +     a*    +    HK)     -      C«H»C1»0     +     Ha     +     NHKJl. 

3.  Bromine^  either  anhydrous  or  hydrated,  decomposes  chloraniline,  with  great  evolu- 
tion of  heat,  forming  dibromochloraniline  and  hyorobiomic  acid : 

C^«C1N     +     Br*      =      C«H*Bi*ClN     +     2HBr. 

4.  Heated  with  strong  m^nc  aeidj  it  begins  to  boil  and  continues  boiline  even  after  removal 
from  the  fire ;  gives  off  nitrous  acid ;  and  yields,  first,  a  dark  red,  then  a  black  opaque 
liquid,  and  afterwards,  as  the  heating  is  continued,  a  dear  scarlet  solution,  which  does 
not  precipitate  nitrate  of  silver,  and  on  cooling,  yield,  sometimes  golden  yeUow  needles 
resembling  picric  acid,  and  probably  consisting  of  dinitrochlorophenic  acid  OH^NO^)* 
CIO,  sometimes  a  resin,  which  is  precipitated  by  water  in  yellow  flakes^  and  dissolves 
with  deep  yellow  colour  in  alkaus,  alcohol  and  ether ;  the  solution  of  this  resin  in 
alkalis  is  precipitated  by  acids,  and  its  ammoniacal  solution,  when  freed  from  excess  of 
ammonia  by  boiling,  precipitates  silver-solution  reddish-yellow,  sometimes  also  in  yellow 
crystalline  spangles. — 5.  The  aqueous  solution  of  chloraniline  acquires  a  very  faint 
violet  tint  when  treated  with  chloride  of  lime, — 6.  With  chlorate  of  potassium  and 
hydrochloric  acid,  chloraniline  forms  a  violet-red,  then  a  turbid  brown,  and  ultimately 
a  colourless  liquid,  which  at  first  deposits  crystalline  perchloroquinone,  together  with 
tri-  and  penta-chlorophenic  acid  in  the  form  of  a  brown  viscid  substance  soluble  in 
dcohol,  but  after  decoloration  contains  nothing  but  perchloroquinone  and  sal-ammoniac; 
the  same  reaction  therefore  as  with  aniline : 

C«H«C1N     +     CI*     +     H«0      »      C«H»a'0     +     NH*C1     •¥      HCl; 

Trichlorophenic 
add. 

flirther: 

C^'CIN     +     a»     +     H«0      -      CmC[*0      +     NH^n     +     SHCI; 

PentachloropheDfc 
acid. 

and: 

C^'ClN     +     a*     +        0«      =.      CK^*0*         +     NH«C1     +     2Ha 

Perchloroquinone. 

7.  The  crystals,  immersed  in  aqueous  chromic  acid,  turn  brown  and  become  resinised ; 
the  dry  mixture  takes  fire  at  the  melting  point  of  chloraniline. — 8.  Aqueous  chlorani- 
line imparts  to  ferric  salts  a  green  colour  by  deoxidation,  and  on  boiling,  deposits  a 
blaekisn-violet  product  soluble  in  alcohol. — 9.  When  the  vapour  is  passed  over  lime  at 
a  low  red  heat,  aniline  and  ammonia  pass  over,  a  large  quantity  of  charcoal  is  separated, 
and  chloride  of  calcium  is  formed : 

2C*H«C1N     +     CaO      -      CHTN     +     C«     +     CaQ*     +     NH?     +     H*0. 

10.  Melted  potassium  immersed  in  the  vapour  of  chloraniline,  forms  chloride  and 
mnide  of  potassium,  with  vivid  incandescence  and  separation  of  a  Lose  quantity  of 
diarooaL  On  the  other  hand,  potassium-^m^am,  with  water,  reduces  chloxaniline  to 
aniline.   (Hofmann,  Ann.  Ch.  Pharm.  Ixvii  76.) 
Chtonuuline  is  not  so  stvong  a  base  aa  anili&e;  it  does  not  precipitate  sulphate  of 
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aluminium  or  ferrous,  ferric,  or  zinc  salts ;  it  expels  ammonia  from  ammoniacal  salts 
vhen  heated  with  them,  but  is  itself  precipitated  bj  ammonia  from  its  hydrochloric 
acid  solution,  and  neutralises  acids  but  imperfectly.  Its  salts  mostly  crystallise  readily, 
and,  in  consequence  of  their  sparing  solubility,  are  generally  precipitated  on  mixing  an 
acid  with  alcoholic  chloraniline,  in  the  form  of  a  crystalline  pulp,  which  may  be  purified 
by  recrystallisation  from  boiling  water  or  alcohol.  They  are  mostly  colourless  or 
yellowish  in  mass,  and  violet  when  they  contain  excess  of  acid ;  they  redden  litmus 
even  when  completely  saturated  with  the  base.  Like  the  aniline-salts,  they  impart  a 
deep  yellow  colour  to  firwood  and  elder-pith,  but  with  chloride  of  lime  they  assume 
only  a  very  faint  violet  tint,  changing  afterwards  to  orange-yellow.  They  are  imme- 
dlutely  decomposed  by  alkalis ;  also  by  alkaline  carbonates,  with  evolution  of  carbome 
acid,  inasmuch  as  that  acid  does  not  combine  with  chloraniline. 

HydrocMorate  of  Chloraniline^  C*H*C1N.HCL — Hydrochloric  acid  saturated  at  a 
boiling  heat  with  chloraniline,  yields  on  cooling  large  crystals,  which  may  be  still 
farther  developed  by  slow  evaporation  of  their  aqueous  solution  over  oil  of  vitrioL 
They  have  the  same  form  as  hydrochlorate  of  bromaniline.  They  are  permanent 
in  the  air,  become  opaque  when  warmed,  and  sublime  undeoomposed  when  cautiously 
raised  to  a  higher  temperature,  whereas  sudden  heating  decomposes  them,  with 
formation  of  a  violet  vapour.  The  ckl^yropfatinate  of  a-cMoraniline^  2C*H'C1N.H*C1'. 
Pl'^CI^  separates  on  mixing  a  cold  solution  of  the  hydrochlorate  with  platinic  chloride, 
as  a  beautiful  orange-coloured  precipitate,  and  a  hot  mixture  of  the  two  salts  solidifies 
on  cooling  to  a  pulp  of  crystalline  laminae ;  the  salt,  when  exposed  to  light,  becomes 
covered  with  a  violet  film.     (Hofmann.) 

Ckloroplatinate  of  ^chloraniline  forms  yellow  crystals  differing  considerably  in  form 
and  solubility  from  those  of  the  o-salt.     (Grriess.) 

The  aqueous  solution  of  chloraniline  forms  a  red-brown  precipitate  with  trichloride 
of  gold  and  an  orange-coloured  precipitate  with  chloride  of  palladium.  The  cold 
aqueous  solution  of  chloraniline  immediately  forms  a  white  precipitate  with  m^xuric 
chloride;  the  hot  mixture  solidifies  after  a  while  into  a  magma  of  needle-shaped 
crystals.  A  mixture  of  the  aqueous  solutions  of  chloraniline  and  stannous  clUoride 
quickly  solidifies  to  a  silver-shining  crystalline  mass. 

Nitrate  of  Chloraniline. — The  solution  of  chloraniline  in  warm  dilute  nitric  acid 
becomes  filled,  as  it  cools,  with  large  crystalline  laminae,  mostly  of  a  reddish  colour. 
These  crystals,  which  cannot  be  sublimed  without  decomposition,  melt  when  heated  in 
A  tube,  into  a  dark-coloured  mass,  which  dissolves  with  splendid  violet  colour  in  alcohol, 
while  part  of  the  salt  crystallises  out  undecomposed.  The  salt  dissolves  pretty  readily 
in  water  and  alcohoL 

(C^O')") 

Oxalate  {acid)  of  ChhranUine,  (yiSI'Q^^.Cm^O'BS)   -   CH'CIN }- 0«.H»0.— The 

H  ) 
solution  of  chloraniline  in  the  warm  aqueous  acid  yields,  on  cooling,  crystals,  which, 
when  recrystdllised  from  boiling  water,  form  prisms  made  up  of  smaller  ones  joined 
together.  They  have  a  sweetish  burning  taste,  and  dissolve  sparingly  in  water  and 
alcoh3l ;  the  aqueous  solution  becomes  coloured  on  exposure  to  the  air  and  deposits  a 
red  powder.  It  does  not  appear  possible  to  obtain  a  neutral  oxalate  of  chloraniline  in 
the  crystalline  state. 

Phosphate  of  Chloraniline. — Alcoholic  chloraniline  solidifies  with  aqueous  phosphoric 
acid  into  a  magma  of  crystalline  laminse,  which  dissolve  pretty  readily  in  water  and 
alcohol. 

JSulphate  of  Chloraniline,  (C«H«C1N)«.H«S0<  «  (C«H'aN)«SOl---The  white  crystal- 
line magma,  into  which  alcoholic  chloraniline  solidifies  when  mixed  with  a  small 
quantity  of  acid,  yields,  when  dissolved  in  boiling  water,  confused  violet-white  laminae, 
and  when  dissolved  in  boiling  alcohol,  silvery  needles  arranged  in  stellate  groups. 
The  crystals  when  heated  give  off  a  small  quantity  of  chloraniline,  then  blacken,  and 
evolve  sulphurous  acid.     They  are  less  soluble  in  alcohol  than  in  water. 

Aqueous  svtphate  of  copper ,  which  is  not  precipitated  by  aqueous  chloraniline,  soon 
becomes  decolorised  by  boiling  with  crystalline  chloranQine,  and  deposits  a  bronze- 
coloured  crystalline  mass,  which  is  insoluble  in  water,  and  dissolves  but  sparingly  in 
boiling  alcohol,  whence  it  crystallises  in  spangles  on  cooling;  probably  a  double 
sulphate  of  chloraniline  and  copper. 

PlobloranlUne,  C«H''C1'N  =    ^*]^^^*|n.    (Hofmann,  Ann.  Ch.  Phaim.  liii. 

33  and  57. — Griess,  ibid.  cxxi257.) — ^Hofmann,  by  distilling  dichlorisatin  still  con- 
taining monochlorisatin  with  potash,  obtained  long  prisms  consisting  of  dichloraniline 
mixed  with  a  small  quantity  of  the  monochlorinated  base.  Dichloraniline  is  how-- 
ever  more  easily  prepared  by  passing  chlorine  into  phenylacetamide  till  the  mass  becomes 
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rather  soft^  and  diatilliiig  the  re0ultin|^  dichloTophenjl-acetamide  with  potash.  It  may 
be  purified  in  the  same  manner  aa  dibzomaniline  (Griess).  It  crystallises  in  white 
needles  nearly  insoluble  in  water^  easily  soluble  in  alcohol  and  ether.  The  platinum- 
salt,  2C«H»C1«N.H*C1*JV'C1«,  forms  yellow  needles  easily  decomposed  by  hot  water. 
(Griess.) 

TrlebloropbeiiyUuiilne  or  THobloranUine.  (Erdmann,  J.  pr.  Ghem.  xix. 
831,  xxT.  472. — Hofmann,  Ann.  Ch.  Phann.  liii.  36.) — This  compound  (the  chlorin- 
datmit  of  Erdmann,  who,  however,  overlooked  the  nitrogen  contained  in  it),  dis- 
tils oyer,  together  with  trichlorophenic  acid,  in  the  preparation  of  the  latter  by  the 
action  of  cmorine  on  indigo  (p.  393)  (Erdmann).  It  is  also  produced,  together 
with  trichlorophenic  acid,  by  the  action  of  chlorine  on  aniline  or  monochloraniline ;  and 
when  this  mixture  is  distilled  with  potash-ley  into  a  well-cooled  receiver,  the  trichlor- 
aniline  pasises  over  in  needles  floating  on  the  water,  and  aa  an  oil  which  solidifies  i& 
the  crystalline  form.     (Hofmann.) 

It  crystallises  in  delicate,  white,  very  fragile  needles  and  laminae,  easily  melting  into 
a  colourless  oil  which  crystallises  on  cooling;  it  is  volatile  and  neutral,  and  has  a 
peculiar  odour.    (Erdmann,  Hofmann.) 

It  dissolves  sparingly  in  cold,  more  freely  in  boiling  water;  readily  in  alcohol  and 
ithtr  ;  does  not  combine  cither  with  acids  or  with  alkalis. 

With  nitric  acid  it  evolves  nitrous  fumes  and  forms  a  yellow  solution  which  tuma 
red  when  mixed  with  potash  (Erdmann). — The  vapour  passed  over  heated  soda- 
lime,  yields  a  huge  quantity  of  ammonia,  and  when  passed  over  melted  potassium,  it 
yields  a  large  quantity  of  cyanide  of  potassium  (Hofmann). — It  is  not  decomposed 
by  distillation  with  potash-ley.     (Erdmann,  Ho f m a n n. ) 

cmiorodibromanlUne.  C«H«ClBz^  a    ^'^'^i^^'lN.    (Hofmann,  Ann.  Ch. 

Pharm.  liii.  38.) 

Preparation, — 1.  Crystalline  chloraniline  treated  with  anhydrous  bromine  becomes 
very  hot  and  gives  off  a  large  quantity  of  hy  drobromic  acid,  assumes  a  violet  colour, 
and  is  converted,  after  it  no  longer  absorbs  bromine,  even  when  melted,  into  chlorodi- 
bromaniline,  which  solidifies  on  cooling,  and  must  be  washed  with  cold  water  and  re- 
crystallised  from  alcohol. — 2.  When  the  whitish  precipitate  which  bromine-water 
forms  in  an  aqueous  solution  of  a  salt  of  chloraniline,  is  dissolved  in  hot  alcohol,  a  pale 
violet  solution  is  obtained  which  yields  needle-shaped  crystals. 

Propertiee.^'Whiie  prisms,  often  with  a  tinge  of  red.  They  melt  in  hot  water, 
forming  a  brown  oil,  wnich  volatilises  with  the  vapour  of  boiling  water  and  sublimes 
in  shining  needles.  Insoluble  in  water,  soluble  in  alcohol  and  ether ;  decomposed  by 
fltrouff  nitric  acid. 

It  does  not  exhibit  the  characters  of  a  salifiable  base ;  it  dissolves  indeed,  with  violet 
colour,  in  oil  of  vitriol,  but  is  precipitated  therefrom  by  water ;  dissolves  also  in  hot 
strong  hydrochloric  acid,  but  the  greater  part  of  it  separates  on  cooling,  and  the  rest  on 
addition  of  water. 

It  dissolves  without  alteration  in  warm  ammonia  and  potash  ;  does  not  form  com- 
pounds with  chloride  of  mercury  or  tetrachloride  of  platinum. 

ABOtililaroplieiulainine  or  Diarochlorobensene,  C*H*C11^  «   (^^'^■^')' |n. 

(Griess,  Phil.  Trans.  1864  [3]  705.)— The  nitrate  of  this  base,  prepared  like  that  of 
azobromophenylamine  (p.  437),  crystallises  in  small  white  plates  which,  when  boiled 
with  water,  yield  chlorophenol. 

The  perbromide,  CH^CIN^  Br*,  forms  yellow  prisms  which  are  decomposed  by  boiling 
alcohol,  yielding  bromochlorobenzene,  isomeric  or  identical  with  that  obtained  from 
the  chloroplatiuate  of  azobromophenylamine  (p.  436).  When  decomposed  by  am- 
monia, it  yields  azochlorophenylene-diamine  or  diazochlorobensoylimide, 
C«H*C1N». 

The  chloroplatinate,  2rC•H*ClK*.HCL)Ptl*Cl^  forms  fine  yellow  needles  which,  when 
heated  with  carbonate  of  sodium,  yield  aiehlorobenzene. 

Azochlorophenylamine  precipitated  by  acetic  acid  from  its  compound  with  hydrate  of 
potassium,  is  a  lemon-yellow  explosive  powder. 

AaodiobloroplieBjlamliie  or  Diazochlorobenenzene,  C*H'C1*N'.  (Griess,  /oc. 
«*<.)— The  nitrate  forms  white  plates.  The  perbromide,  C*H*CPN*.Bi*,  crystallisea 
in  vellow  nrisms ;  the  chloroplatinate,  2((yH*Ci*N^MCl)Jn/^Cl*,  in  small,  yellow,  very 
brilliant  plates. 

4.  Cyanophenylamines, 
CyaalUOe  or  CyaaUine,  C'H<N*  »  ^q!^^{n.      (Cahouxs    and    Cloes, 
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Compt  retid.  zzxvuL  88,  865.)— When  pure  and  very  diy  gMeomi  chloride  of  e^an- 
ogen  is  passed  into  a  solution  of  aniline  in  anhydzons  ether  cooled  with  ice,  a  crystal- 
line deposit  is  formed,  consisting  of  hydrochlorate  of  aniline,  which  continually 
increases ;  and  the  filtrate  CTapomted  over  the  water-hath,  leayes  cyanilide  in  the 
form  of  a  Tiscid  mass  which  sobdifles  as  it  cools.  It  is  a  reddish  substance  resembling 
colophony  in  friability,  ccmchoidal  fracture  and  translncence.  It  is  completely  de- 
composea  by  heat,  yielding  various  products.  Its  aloohdic  solution  mixed  with  hydro* 
chlorate  of  aniline  and  evaporated  for  some  time  over  the  water-bath,  yieLds  dystallised 
hydrochlorate  of  melaniline : 

MdanUiM. 

Cyanilide  is  insoluble  in  water,  but  dissolves  readily  in  alcohol  and  ether.  WaUr 
added  to  the  alcoholic  or  ethereal  solution,  immediately  separates  a  viscous  substance 
which  g^radually  becomes  crystalline. 

Compound  of  OyaniUde  with  Chloride  of  Cyanogen :  CHLOBOCTANiuDa,  CH^NKl 
«  2C^«N«.CNCL  (Laurent,  Ann.  Ch.  Phys.  [3]  xxii.  97.)— When  solid  chloride 
of  cyanogen  in  the  state  of  powder  is  gradually  introduced  into  a  flask  containing  ani- 
line dissolved  in  lukewarm  water  and  the  requisite  quantity  of  alcohol,  chlorocysnilide 
falls  down  as  a  white  powder,  which  must  be  washed  wim  water  and  alcohol  succes- 
sively, after  the  liquid  which  contains  the  hydrochlorate  of  aniline  has  been  decanted : 

4(?H»N     +     C«N«C1«     -     C"H»WC1     +     2(C«H'N.Ha). 

Its  formation  is  similar  therefore  to  that  of  chlorocyanamide,  2Cli*N*.CNCl,  by  the 
action  of  ammonia  on  solid  chloride  of  cyanogen. 

Ghlorecyanilide  crystallises  from  alcohol  on  cooling  in  whiter  highly  lostrous,  some- 
what elongated  Uminee,  and  after  fasion  in  radiating  needles.  Not  volatile  without 
decomposition. 

When  heated  somewhat  above  its  melting  point,  it  gives  off  11*8  per  cent  of  hydro- 
chloric acid,  becoming  less  fluid,  and  ultimately  leaves  a  greenish,  transparent^  vesi- 
cular residue,  containing  C**H"N*.  It  dissolves  slowly  in  boiling  jH?^a«A,  and  on  neutral- 
ising the  cooled  solution  with  nitric  add,  a  white  flocculent  precipitate  is  obtained, 
which  is  insoluble  in  ammonia,  but  dissolves  in  hot  weak  nitnc  acid,  separates  in  the 
form  of  a  jelly  on  cooling,  and  contains  62*6  per  cent  carbon,  and  4*6  hydrogen 
(Laurent).  Laurent  regards  this  substance  as  phenyl-ammeline,  C"N*H"Oi  » 
C*H'(C*H')^*0  (which  however  requires  2  per  cent  more  carbon),  and  represents  its 
formula  by  the  equation ! 

C*H»«N»a     +     KHO      «      C»H»»N»0     +     Ka 
The  subject  requires  fhrther  investigation. 

CyananffliiOf  CTH'N*  or  rather  0"H>*N*  «  C»H'«N«.Cy«.  (Hofmann,  Chem. 
Soc.  Qu.  J.  L  160;  ii.  300;  Ann.  Ch.  Pharm.  Irn.  129;  Irziii.  180.)--This  substance, 
though  not  a  substitution-product  of  aniline,  but  a  compound  of  aniline  and  cyanogen 
formed  by  direct  union,  without  elimination  of  hydrogen,  may  be  conveniently  de- 
scribed in  this  place. 

To  prepare  it^  cyanogen  gas  is  passed  through  a  solution  of  aniHne  in  a  six-fold 
quantity  of  alcohol,  till  the  liquid  smells  strongly  of  it,  but  not  longer ;  and  the  re- 
snlting  crystals  are  flreed  from  the  mother-liquor,  which  colours  them  reddish-yeUow, 
either  by  repeated  washing  with  cold  alcohol,  or  by  washing  them  twice  with  that 
liquid,  and  subsequently  dissolving  them  in  dilute  sulphuric  add,  filtering  from  a  red 
d^stiilline  powder,  predpitating  the  pale  yellow  filtrate  by  ammonia,  and  aystaUising 
the  pale  yellow  palverulent  precipitate  once,  twice  or  three  times  from  a  large  quantity 
of  boiling  alcohol,  till  colourless  laminsB  are  obtained. 

Cyananiline  crystallises  in  colourless,  silveiy,  iridescent  laminae,  which  do  not  vola- 
tilise without  decomposition,  even  in  company  with  vapour  of  water ;  they  melt  be- 
tween 210^  and  220^,  and  solidify  in  the  crystalline  form  on  cooling;  they  are  heavier 
than  water ;  inodorous,  tasteless  and  neutral.  The  add  solutions  of  this  base  do  not 
colour  flrwood  yellow ;  neither  do  thev  turn  blue  in  contact  with  chloride  of  lime,  or 
give  the  precipitates  of  aniline  with  chromic  acid.  It  is  insoluble  in  toater^  and  only 
sli^tly  soluble  in  sulphide  of  carbon^  wood-spirit,  alcohol,  ether,  bentene  and  oHe, 
whether  fixed  or  volatile. 

DecomposiUont, — 1 .  Cyananiline'at  a  temperature  a  little  above  its  melting  point,  turns 
brown,  cnars,  and  gives  off  aniline  together  with  hydrocyanate  of  ammonia. — 2.  Bro- 
nUne  becomes  strongly  heated  in  contact  with  cyananiline,  and  perhaps  forms  at  firsts 
bromocyananiline,  whidi  however  is  ultimately  converted  into  tribromaniline. — 3.  The 
violet  solution  of  cyananiline  in  oil  of  vitriol  gives  oflj  when  slightly  heated,  a  mixture 
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of  carbonic  anhydride  and  carbonic  oxide,  which  latter  is  more  and  more  replaced  by 
Bulphurons  acid  as  the  heat  in)ereases ;  and  the  liquid  on  cooling  solidifies  in  a  dystal- 
Une  mass  consisting  of  solphate  of  ammonium  and  phenyl-solpluunic  acid : 


L  T^'}o  J 


C"H"N*  +  3H«S0*  +    H»0      -      2  I    (S0«)'  fo  J  **•  (NH*)«SO*  +  CO  4-  CO*. 

4.  The  solution  in  dilute  hydrocJdorio  (or  dilute  sulphuric  acid)  soon  assumes  a  deep 
yellow  colour,  and  when  evaporated  oyer  the  water-bath,  eives  off  an  odour  of  phenylic 
cyanate,  C*H\CNO  (ii.  196),  and  leaves  a  white  ciystaQine  mass,  from  which  sal- 
ammoniac  and  hydrochlorate  of  aniline  are  extracted  by  cold  water,  and  afterwards 
oxamide  and  phenyl-oxamide  by  boiling  water,  whilst  diphenyl-oxamide  is  left  un- 
dissolved in  quantity  equal  to  that  of  the  oxamide  and  the  phenyl-oxamide.  In  this 
case,  two  decompositions  appear  to  take  placs  Bimultaneously : 

(CH)*)") 

(1)  C»*H»*N*     +     2H«0     +     2HC1      »      2NH*a     +     (C«H»)«yN«. 

H«    ) 

Diphenyloxamlde. 

(2)  C"H>*N*     +     2H«0     +     2Ha       =     ^^/^"In*     +     2C«HWCL 

Ozamidtf.  Hydrochlorate 

of  aniline. 

At  the  moment  of  formation  (but  not  afterwards)  the  oxamide  and  diphenyl-oxamide 
are  partly  converted  into  phenyloxamide : 

C«H*N«0«     +     C»*H»«1TO«      «       2C^«N«0». 

Cold  dilute  acids  gradually  eliminate  aniline  and  give  off  the  odour  of  phenylic  cyanate. 
— 5.  Cyananiline  is  not  altered  by  boiling  aquebus  or  alcoholic  ^tash,  but  by  potassie 
hydrate  in  the  state  of  fusion,  it  is  converted  into  ammonia,  aniline,  hydrogen  gas,  and 
carbonate  of  potassium : 

C"H»*N*  +  4KH0   +  2H«0     «     2NH«  ♦   2C«H'N  +  H*  +  2K«C0«. 

.  Salts  of  CTJLKANii.iini. — ^These  salts  are  formed  by  direct  combination  of  the  add 
and  base,  and  must  be  brought  to  the  solid  state  as  quickly  as  possible,  before  they 
decompose.  They  are  not  {ooduced  by  passing  cyanogen  gas  tluough  alcoholie  solu- 
tions of  aniline-salts.  According  to  the  formula  C**H'*N^  they  must  be  regarded  as 
diacid  salts. 

Hydrobromate,  Cl*H'^N^2HBr. — Cyaniline  is  dissolved  in  boiling  dilate  hydro* 
bromic  acid,  and  the  filtrate  immediately  mixed  with  an  equal  quantity  of  concentrated 
hydrobromic  acid,  which  separates  crystals,  to  be  washed,  first  with  concentrated 
hydrobromic  acid,  then  with  ether.    The  salt  is  very  much  like  the  following. 

IfydrocUoraU,  C>«H**N^2HCL— The  yellow  solution  of  cyananiline  in  boiling 
dilute  hydrochloric  acid,  is  filtered  hot  and  immediately  mixed  with  an  equal  quantity 
of  fuming  hydrochloric  acid,  which  decolorises  it^  and  soon  causes  the  separation  of 
a  large  quantity  of  colourless  crystals,  which  must  be  washed  with  hydrochloric  add 
and  then  with  ether.  These  ciystals  haye  a  very  sweet  taste,  and  are  permanent  when 
dry,  but  decompose  in  the  moist  state,  becoming  at  the  same  time  insoluble  in  watec 
Their  aqueous  solution  pelds  Ijy  evaporation,  the  same  products  of  decomposition 
as  the  direct  solution  of  cyananiline  in«dxlute  hydrochloric  add  {tnd,  »up,y  Aniline 
added  to  the  aqueous  solution  of , the  erystals,  predpitates  the  cyananiline  as  the  weaker 
base,  and  adds  throw  down  the  crystals  in  their  origmal  state.  The  crystals  dissolve 
with  great  facility  in  water  and  in  alcohoL  The  ehlort^urate,  Ci«H"N\2(HCLAua'), 
is  an  orange-coloured  precipitate  obtained  br  adding  auric  chloride  to  a  solution  of 
cyananiline  in  alcohol  or  hydrochloric  add.  The  chlorSpUUinate,  0'^H'^^2H€^.Pt^^Cl^ 
is  predpitated  on  mixing  a  moderately  concentrated  solution  of  cyananiline  in  hydro- 
chloric add  saturated  at  the  boiling  heat,  with  a  concentrated  solution  of  platinic 
chloride,  and  leaving  the  liquid  to  cooL  It  forms  beautiful  orange-coloured  needles 
which  are  soluble  in  water  and  alcohol,  but  cannot  be  reciystallised  from  those  liquids, 
the  solutions  yielding  nothing  but  chloroplatinate  of  aniline  and  chloroplatinate  of 
ammonium. 

Hydriodate  of  Cyananiline  resembles  the  hydrochlorate  and  hydrobromate,  but 
decomposes  quickly  on  exposure  to  the  air,  with  separation  of  iodine. 

Nitrate,  C'^H'*N'.2HN0'. — Cyananiline  dissolves  easily  in  boiling  dilute  nitric  add, 
and  the  solution  on  cooling  deposits  the  nitrate  in  white  needles  which  may  be  re- 
erystallised  from  boiling  water.  It  is  but  sliffhtly  soluble  in  cold  water^  still  less  in 
alcohol  and  ether.     It  forms  a  crystallisable  double  salt  with  nitrate  of  silver. 

The  oxalate  and  sulphate  are  very  soluble,  and  their  solutions  deoompose  doring 
evaporation. 
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6,  lodophenylamines, 

Mono-lodopbenylaiiilne  or  Zodaaillne,  CH'IN  b  ^  vN.    (Hofmann, 

Ann.  Ch.  Phann.  Ixyii.  64.) — To  prepare  this  oomponnd,  1^  pt.  of  iodine  is  gradnallj 
dissolved  in  1  pt  of  aniline ;  the  solution  is  mixed  with  hydrochloric  acid  of  spceifie 
gravity  1*11  (a  stronger  acid  would  separate  hydrochlorate  of  aniline) ;  the  solution  of 
hvdrochlorate  of  aniline,  hydriodic  acid,  &c,  is  separated  by  filtration  from  the  pre> 
cipitated  and  still  strongly  coloured  hydrochlorate  of  iodaniline,  which  is  sparingly 
soluble  in  water ;  the  precipitate  is  washed  several  times  with  hydrochloric  acid,  and 
cnrstallised  several  times  finm  boiling  water,  at  last  after  boiling  with  animal  charcoal, 
tiU  the  crystals,  which  are  at  first  ruby-coloured  and  contain  free  iodine,  together  with, 
a  brown  induretted  decomposition-product  of  aniline,  are  completely  decolorised;  and 
the  iodaniline  is  precipitated  from  their  aqueous  solution  by  ammonia,  as  a  white  crys- 
talline powder,  which — ^in  order  to  free  it  from  any  of  the  yellowish  decomposition- 
product  and  phosphate  of  calcium  from  the  animal  charcoal,  that  may  still  adhere  to  it 
— is  dissolved  in  alcohol,  filtered  from  the  yellowish  product,  and  precipitated  by  water 
in  the  form  of  a  white  crystalline  mass.  The  liquid  filtered  therefrom  yields  by 
evaporation  yellowish  oily  dropi  which  crystallise  on  cooling. 

Properties. — ^White  crystalline  powder,  which  crystallises  from  solution  in  prisms 
and  needles,  never  in  octahedrons ;  the  mass  solidified  from  cooling  also  never  ex- 
hibits the  cleavage-faces  of  the  octahedron.  It  is  heavier  than  water.  Melts  at  60°, 
forming  a  yellowish  oil,  and  at  the  moment  of  solidification,  shows  a  temperature  of 
51°,  but  sometimes  remains  liquid  even  at  the  ordinary  temperature,  in  which  case, 
contact  with  a  glass  rod  often  causes  it  to  solidify  suddenly  in  a  crystalline  mass. 
When  evaporated  at  a  rather  strong  heat,  it  volatilises  undecomposed,  and  easily 
distils  over  even  with  vapour  of  water.*  It  has  a  vinous  odour  and  a  burning  aromatic 
taste;  no  action  on  vegetable  colours.  Like  aniline,  it  imparts  a  deep  yellow  colour 
to  firwood  and  elder-pith ;  but  chloride  of  lime  colours  it)  not  violet  but  reddish.  The 
vapour  bums  with  a  bright  sooty  flame. 

Iodaniline  dissolves  very  sparingly  in  cold  toateTf  and  crystallises  from  boiling  water 
in  interlaced  hairs.  It  dissolves  in  sulphide  of  carbon^  also  in  alcohol,  ether,  wood" 
spirit,  acetone,  and  oils  both  fixed  and  volatile. 

Deeofnpositions, — 1.  In  contact  with  the  air,  iodaniline  becomes  quickly  covered 
with  a  brown,  metallically  lustrous  film,  and  gradually  assumes  a  black  colour  extend- 
ing throughout  the  whole  mass. — 2.  Chlorine  decomposes  iodaniline  into  trichlor- 
aniline,  trichlorophenic  acid  (as  with  aniline,  p.  424),  and  chloride  of  iodine. — 3.  With 
bromine,  alcoholic  iodaniline  solidifies  in  the  form  of  crystalline  tribromaniline,  while 
all  the  iodine  is  set  free  as  bromide  of  iodine.  — 4.  Chlorate  of  potassium  with  hydro- 
chloric  acid  forms,  as  with  aniline,  trichlorophenic  acid  and  perchloroquinone. — 6.  With 
strong  boiling  nitric  acid,  iodaniline  forms,  with  brisk  action  and  evolution  of  iodine- 
vapour,  a  solution  from  which  picric  acid  crystallises  on  cooling. — 6.  Ciystallised 
chromic  acid  decomposes  iodaniline  with  violence,  but  does  not  set  it  on  fire. — 

7.  Qently  heated  potassium  decomposes  iodaniline  with^violence,  forming  iodide  and 
cyanide  of  potassium. — Potassium-amalgam  introduced  into  aqueous  nitrate  of  iod)m- 
ijjne,  immediately  forms  iodide  of  potassium,  and  reproduces  a  small  quantity  of 
aniline,  whilst  the  greater  portion  is  converted  into  a  yellow  crystalline  substance 
having  an  aromatic  ^our.  Zinc  immersed  in  iodaniline  supersaturated  with  sulphuric 
add,  eliminates  iodine  and  aniline,  so  that  after  a  few  minutes  the  liquid  forms  a  blue 
colour  with  starch,  and  after  saturation  with  potash,  gives  up  aniline  to  ether. — 

8.  When  chloride  of  cyanogen  is  passed  through  iodaniline  dissolved  in  ether,  hydro- 
chlorate of  iodaniline  is  first  precipitated  but  afterwards  disappears,  and  the  iodaniline 
is  converted  into  a  transparent,  slowly  ciystallising  resin,  which  is  a  mixture  of 
hydrochlorate  of  di-iodomeianiline  and  lodophenyl-carbamide.  Formation  of  hydro- 
chlorate of  di-iodomelaniline : 

2C«H«NI  +  CNa    =     C"ff»PN».HCl. 
Formation  of  iodophenylcarbamide  and  hydrochlorate  of  iodaniline : 

2C«H«NI  +  CNCl  +  H«0    -     (CO)''(C«H«I)H«N»  +  C«H«IN.Ha 

Salts  of  loDAKiLiifE. — These  salts  crystallise  with  the  same  facility  as  the  aniline 
salts,  but  are  less  soluble.  Iodaniline  is  a  weaker  base  than  aniline,  and  is  separated 
by  the  latter  from  the  solutions  of  its  salts.  It  precipitates  the  salts  of  aluminium, 
but  does  not  decompose  ferric  or  zinc  salts.  With  sulphate  of  copper  it  forms  a  yellow 
precipitate. 

£h/drobromate  of  Iodaniline  exactly  resembles  the  hydrochlorate. 

The  hydrochlorate,  C*H'IN.HC1,  is  sparingly  soluble  in  cold  water,  and  its  aqueous 
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Bolution  18  almost  entirely  precipitated  by  bydrocUoric  acid.  It  czystallises  from 
boiling  water  in  large  thin  laminae  or  needles  soluble  in  alcohol,  insoluble  in  ether. 
The  ckloroaurate  is  an  unstable  scarlet  precipitate  formed  on  mixing  the  solutions  of 
auric  chloride  and  hydrochlorate  of  iodaniline.  The  chlorojdaiinate,  2CH1N.H*C1*. 
Ft'^Gl\  is  an  orange-coloured  crystalline  precipitate. 

HydriodaU  of  lodamline  forms  a  radiate  mass  much  more  soluble  than  the  hydro* 
bromate  and  hydrochlorate,  and  easily  decompoeible. 

The  nitrate  crystallises  from  water  in  beautiful  capillaiy  needles  of  great  length.  It 
is  more  soluble  than  the  preceding  salts,  especially  in  boiling  water ;  very  soluble  also 
in  alcohol  and  ether.     Its  solution  is  not  precipitated  by  nitrate  of  silver. 

The  oxalate,  2(>H1N.C«H«0*  «  (C»0»nC«H'IN)«0«  crystaUises  in  long  flattened 
needles,  sparingly  soluble  in  water  and  in  alcohol,  insoluble  in  ether. 

The  sulphate,  2C«H«IN.SHS0«  »  (CyWUiySO*,  crystallises  in  shining  scales.  The 
aqueous  solution  appears  to  be  decomposed  by  boiling;  at  all  eyents,  on  attempting  to 
reciystallise  it  after  boiling,  a  portion  of  the  salt  always  remains  insoluble. 

Aao-todopbenylainliie.  C^H'IN*  -  ^^^^  ^  [  N.  IHaeo-4odobenzol.  (Griees^ 

Phil.  Trans.  1864  [3]  706.) — This  base  and  its  salts  are  obtained  by  processes  exactly 
similar  to  those  employed  for  the  preparation  of  the  corresponding  bromine-com- 
pounds (p.  436).  Azoiodophenylamine  in  the  free  state  is  a  yellow  explosive  pre- 
cipitate. The  nitrate,  C*li*IN'.NHO',  crystallises  in  white  prisms  or  needles,  very 
soluble  in  water. — The  sulphate,  CH'IN'.SH'O*,  in  small  plates  easily  soluble  in 
water,  sparingly  soluble  in  alcohol— The  chloreplatinate,  (C«H«IN«.HC1).R*^C1*,  in 
bright  yellow  clusters  of  needles. — The  perbromide  of  aza^iod^mhenylammaniuTn, 
CH^IN'.Br',  forms  small  yellow  plates.  With  boiling  alcohol  it  yields  bromo-iodo- 
benzene,  C*H*BrI;   and  with  aqueous  ammonia  it  forms  azo-iodophenylene« 

diamine,  ^     ^4^  >N*,  or  diazo-iodobenz  olimide,  '  ^^  >K. 

6.  Nitrophenylamines, 
MoBonttroplieBjIamliio  or  SltranlUne.    C*H«(NO*)N  «  ^^^^^')|n.-- 

(Hofmann  and  Muspratt,  Ann.  Ch.  Pharm.  Irii.  204. — E.  Arppe,  ibid,  xc.  147; 
zeiii  157). — Of  this  base  there  are  two  isomeric  modifications,  the  one  called  alpha* 
nitranilino  (or  by  Arppe,  paranitranUine),  obtained  by  rcnlucing  dinitrobenzene  with 
sulphydric  add  (Hofmann  and  Muspratt);  the  other  called  beta-nitraniline* 
{nitraniline  of  Arppe),  produced  by  the  decomposition  of  nitro-phenyl-paratartrimide 
(Arppe),  or  of  nitrophenyl-acetamide  or  nitiophenyl-succinamide  under  the  influence 
of  alkalis  (Hofmann,  Proc  Boy.  Socx.  589;  xii.  639): 


C«H*(NO«)«  +  3H«S    - 
DinltrobeDfene. 


(>H«(NO«)N  +  2HH)  +  S«. 

Nitraniline. 


^^^v\^ .  HH)  -  =(^:^r|g. 


N  itropbenyl-pyro- 
urtrimlde. 


Nltrophenyl-pyro- 
:id. 


tartramic  act 


H.C^*(NO«)'n^ 

(CH-O*)"    '" 

H 
NiCropbenyl'PTro* 
tartramic  acid. 

C^*(NO«) 


l» 


•¥  H*0    - 


C«H 


H«       p    +         H«       j" 


Nitraniline. 


PTfotartarie 
add. 


C«H«0    In    +   H«0     -     ^^^?^')|n   +   C»H»0)^ 


Nitrophenyl-acetamide. 


NHranillne. 


H 
Acetic  add. 


a-nitraniline  was  the  first  instance  discoyered  of  a  basic  substance  containing  the 
elements  of  nitric  peroxide. 

Preparation. — 1.  Of  a-nitraniline. — The  aqueous  solution  of  dinitrobenzene  is 
saturated  with  ammoniacal  gas  ;  sulphuretted  hydrogen  is  passed  through  the  blood-red 
solution,  till  the  liquid  is  saturated  with  it  nnd  only  a  slight  deposition  of  sulphur 
takes  place ;  and  the  solution  is  then  mixed  with  hydrochloric  ucid  and  evaporated, 
whereupon  an  additional  quantity  of  sulphur  separates,  together  with  undecomposed 

•  The  meaning  here  ajm'gned  to  the  termt »-  and  /8-nitranilln<>  If  the  wime  as  that  nrielnallr  giTmi  hr 
Hoftnann,  and  adopted  in  most  worlii  on  Chemiitry  (Gmelln'c  Hnndbook^  Gerliardt's  Trailt'de  Chimle 
organt'qve.  the  Handtoortt  rbttek  dirr  Ckemie,  Ac).  G  r  i  r  t  f,  on  the  rontrarr.  In  a  rer«*nt  mnnoir  (Phil, 
'rrant.  IS&I,  [  <]  708)  dctignntp*  th«>  Ims«>  o'Ulnt^  from  the  nitrated  phenjiamidet  at «,  and  that  obtained 
by  reduction  of  dinitrobeitscoc  m  ^-Diiraniiioc; 
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dinitrobenzene.  The  filtrate  is  then  mixed  with  potash,  which  precipitates  a  browa 
adhesive  resin  ;  this  resin  is  freed  from  potash  by  washing  with  cold  water,  and  then 
dissolved  in  boilins  water ;  the  orange-yellow  solution  is  filtered  to  separate  a  small 
quantity  of  ondissdved  brown  resin ;  and  the  needles  of  a-nitraniline  which  separate 
on  cooling,  are  purified  by  recrystsllisation  from  hot  water  (Hofmann  and  Mus- 
pratt).    Arppe  further  purifies  the  cxystals  with  animal  charcoal. 

2.  Of  $-ni^aniUne. — Nitro-phenyl-pyiotartrimide  is  dissolved  in  a  boiling  dilute 
solution  of  sodic  carbonate  mixed  with  a  little  caustic  soda,  whereby  it  is  converted,  by 
taking  up  1  at  water,  into  nitrophenyl-pyrotartramic  acid,  and  the  solution  is  boiled 
till  it  no  longer  gives  a  precipitate  of  that  acid  on  addition  of  nitric  acid.  The  nitro- 
phenyl-pyrotartramic  acid  is  then  resolved  into  jS-mtraniline  and  pyrotarCario  add. 
The  yellow  solution  yields  on  cooling  an  abundant  crop  of  yellow  rhombic  tables  which 
must  be  collected  On  a  filter,  washed  with  cold  water,  and  purified  by  recrystaUisation. 
(Arppe.) 

An  easier  mode  of  preparation  is  to  dissolve  phenylacetamide  or  phenylsuccinamide 
in  cold  faming  nitric  acid,  dilute  the  solution  with  water,  which  tnrows  down  nitro- 
phenyl-acetamide  or  nitrophenyl-succiQamide^  and  distil  this  precipitate  with  caustic 
pota^    (Hofmann.) 

Properties, — Alpha^nitraniline  forms  needles  of  a  fine  yellow  colour  and  an  inch  long ; 
heavier  than  water.  They  melt  at  about  110^  (at  108°,  according  to  Arppe),  forming 
an  oil  of  a  deep  yellow  colour,  which  boils  at  285^,  passes  over  in  yellow  vapours,  ani 
solidifies  in  the  receiver,  forming  a  laminated  mass ;  at  100^  the  crystals  sublime  in 
beautiful  laminae,  without  previous  fhsion  (H  o  f  m  a n  n  and  M  u s  p r  a  1 1).  The  sublimed 
crystals  are  riiombic  tables  of  61°  and  129°,  having  one  of  the  acute  angles  either 
perpendicularlv  truncated,  or  bevelled  with  two  faces,  while  the  two  obtuse  angles  are 
sometimes  obhquely  truncated,  sometimes  unaltered ;  macles  are  often  formed  with 
deep  re-entering  angles.  Similar  modifications  are  exhibited  by  the  ciystals  obtained 
from  solution  in  water  or  alcohol  (Arppe).  The  crystals  are  inodorous  st  ordinary 
temperatures,  but  when  slightly  warmM,  they  emit  an  aromatic  odour  having  a  distant 
resemblance  to  that  of  aniUne ;  they  have  a  burning  sweet  taste,  are  perfectly  neutral, 
and  colour  firwood  (as  well  as  the  cuticle)  deep  yellow,  like  aniline,  but  do  not  produce 
any  blue  colour  with  chloride  of  lime.    (Hofmann  and  Muspratt) 

i9-nitraniline  crystallises  from  the  aqueous  solution  by  slow  cooling  in  long  needles ; 
but  by  more  rapid  cooling,  in  small  tabular  or  needle-shaped  crystals  with  angles  of 
69°  and  111°,  having  the  smaller  angle  truncated  in  such  a  manner  as  to  proauce  a 
six-sided  table  with  angles  of  111°  and  138°.  From  an  alcoholic  solution,  the  rhombic 
tables  separate  unaltered  together  with  the  six-sided  tables  ;  an  ethereal  solution  yields 
sometimes  tables,  sometimes  capillary  needles;  from  an  aqueous  solution  containing 
carbonate  of  sodium,  rhombic  tables  of  6SP  and  125°  are  obtained ;  by  sublimation, 
sometimes  needles,  sometimes  irregular  laminse.  The  crystals  melt  at  141°,  volatilise 
at  about  the  same  temperature,  and  sublime  very  beautifully  when  heated  between  two 
watch-glasses.  At  100°,  the  sublimation  is  scarcely  perceptible.  The  crystals  have 
also  scarcely  any  taste.    (Ar^pe.) 

Alpha-nitranuine  dissolves  in  600  pts.  of  water  at  18*5°,  and  much  more  readily  in 
boiling  water  (Arppe).  iS-nitraniline  dissolves  in  1250  ^ts.  of  water  at  12*5°,  and  in 
45  pts.  of  boiling  water.    Both  modifications  dissolve  easily  in  alcohol  and  in  ether. 

Decompositions. — 1.  The  vapour  of  nitraniline  bums  with  a  bright  sooty  flame. — 
2.  Alpha-nitraniline  distils  almost  without  residue ;  but  ^-nitraniline  leaves  a  con- 
siderable quantity  of  carbonaceous  matter,  when .  distilled. — 3.  Bromine  converts 
nitraniline,  with  great  rise  of  temperature  and  evolution  of  hydrobromic  acid,  into 
a  brown  resin  whose  solution  in  hot  alcohol  deposits  yellow  crystals,  insoluble  in  water, 
acids,  and  alkalis,  and  probably  consisting  of  dibromonitraniline,  C*H^Br'(KO*)N 
(Hofmann  and  Muspratt). — 4.  Nitric  acid,  even  when  highly  concentrated, 
dissolves  /3-nitraniline  without  visible  decomposition  (Arppe);  but  a-nitranilme  is 
violently  acted  upon  by  nitric  add,  and  converted,  after  a  while,  into  an  add  which 
appears  to  be  picric  add  (Hofmann  and  Muspratt). — Graseous  chloride  of  cyano- 
gen passed  through  melted  nitraniline  (a),  converts  part  of  it  into  dinitromelaniHne, 
while  the  greater  portion  is  transformed  into  a  resinous  substance.  Alcoholic  nitrani- 
line is  decomposed  very  slowly  b^  chloride  of  cyanogen  and  aqueous  aniline  in  a 
peculiar  manner;  but  nitraniline  dissolved  in  ether  forms  with  chloride  of  cyanogen, 
nothing  but  hydrochlorate  of  aniline  and  yellowish  needles  of  nitrophenyl-carbamide : 

(COf    ] 
2C^«(N0«)N  +  CNCl  +   H«0     «     C«H*(N0«)N.HC1  +  C«H*(NO»)m*. 

H»       ) 
6.  Neither  o-  nor  /3-nitraniline  is  acted  upon  by  the  iodides  or  bromides  of  ethyl  and 
methyl    (Hofmann,  Proc.  Koy.  Soc.  xii.  639.) 
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.  Salts  of  KmujnuKik—Nitnuiiline  in  either  modification  is  a  Teiy  weak  base^ 
not  precipitating  any  metallic  salt.  From  the  solntions  of  its  salts,  some  of  which  are 
crystallisable ;  it  is  precipitated  in  the  cszystalline  form  by  aniline,  as  well  as  by  the 
caustic  slkalis  and  aUcsline  carbonates. 

HydrochloratM.  CH'N'O'.HCl.— The  oolonrless  solution  of  o-nitraniline  in  hydro* 
ehloric  acid,  yields  by  evaporation,  nacreous  crystals,  extremely  soluble  in  water  and 
alcohol  (Hofmann  and  Muspratt).  Elongated  rhombic  taUes  with  angles  of  120^ 
and  60^,  which  are  permanent  in  the  air  and  dissolve  readily  in  hydrochloric  acid; 
they  are  decomposed  by  water,  which  separates  the  greater  part  of  the  base. 
(Arppe.)  . 

/^mtraniline  forms  with  hydrochloric  acid,  a  yellow  solution,  or  if  the  acid  is  in 
great  excess,  a  colourless  solution,  which,  on  cooling,  deposits  rather  large,  colourless, 
tabular  crystals,  which  in  their  simplest  form,  are  four-sided  tables,  with  angles  either 
(a)  of  95^^  and  85^,  or  {h)  of  65*=^  and  1 15° ;  by  the  combination  of  these  two  forms,  the 
acute  angles  of  a  being  truncated  by  6,  six-sided  tables  are  formed ;  and  by  the  trunca- 
tion  of  all  the  angles  of  a,  eight-sided  tables.  The  salt  is  easily  decomposed,  both  by 
heat,  which  causes  it  to  turn  yellow  and  give  off  acid,  and  by  water,  which  separates, 
the  base  almost  completely ;  alkalis  precipitate  the  nitraniline  in  the  crystalline  form 
but  the  precipitate  redissolves  in  excess  of  the  alkali.     (Arppe.) 

ChhroplatinaUs,  2[C«H«XN0«)N.HCl].Pt»'Cl*.— The  a-salt  is  precipitated  byplatinic 
chloride  from  the  alcoholic,  but  not  nom  the  aqueous  solution  of  a-nibnUne,  as  a 
yellow  crystalline  powder,  which  is  extremely  soluble  in  water  and  in  alcohol,  and  must 
therefore  be  washed  with  ether.  The  /3-salt  is  precipitated  from  the  concentrated  so- 
lution of  the  hydrochlorate  either  in  water  or  in  alcohol ;  it  is,  however,  much  more 
soluble  in  alcohol  than  in  water.  It  ciystallises  in  stellate  groups  of  very  slender 
needles.  When  washed  with  a  mixture  of  alcohol  and  ether,  it  is  converted  into  a 
yellow  salt,  apparently  consisting  of  C«H«(NO«)N.HCl.Pt»'Cl*.    (Arppe.) 

Nitrate  of  a^nitrantfine  is  crystalline,  easily  soluble  in  water,  very  sparingly  soluble 
in  strong  nitric  acid.  The  fi^niirate  crystallises  in  shining,  long,  right-angled  truncated 
prisms,  and  is  decomposed  by  water. 

Oxidates. — ^Alpha-nitraniline  forms  an  acid  oxalate,  C^^NO')N.C*H'0^  which  is 
deposited  in  yeuow  crystals  on  mixing  the  alcoholic  solutions  of  the  base  and  acid. 
Oxalate  of  /3-nitraniline  crystallises  in  slender  needles  and  plates  sparingly  soluble  in 
water. 

Sulphates. — ^The  a-salt  crystallises  in  shining  rhombic  prisms,  which  dissolve  in 
water,  forming  a  clear  solution.  The  /3-salt  crystallises  from  a  solution  of  jB-nitraniline 
in  dilute  sulphuric  acid,  in  large  shining  plates  which  have  an  acid  taste,  and  are 
decomposed  by  water. 

Tartrate  of  o-nitraniline  forms  a  yellow  solution  from  which  the  salt  ciystallises  in 
yellow  rectangular  tables.  Potash  decomposes  the  solution,  separating  the  base  in  the 
form  of  a  yeUow  crystalline  precipitate  soluble  in  excess  of  the  alloH.  Tartrate  of 
fi-nitraniline  crystallises  in  yellow  needles ;  potash  does  not  precipitate,  but  dissolves 
it,  forming  a  red  solution.    (Arppe.) 

A  solution  of  either  modification  of  nitraniline,  mixed  with  a  recently  prepared  so*' 
lution  of  gall-nuts,  and  afterwards  with  a  small  quantity  of  potash,  yields  a  copious 
flocculent  or  almost  gummy  precipitate,  which  is  decomposed  by  excess  of  potash,  a 
portion  of  the  base  being  precipitated  in  the  crystalline  form.    (Arppe.) 

IMnitnuiUliie.    C^»N»0*    -     ^*^^^*)*|n.    (Gottlieb,  Ann.  Ch.  Pharm. 

IxxxT.  17.) — ^Produced  by  the  action  of  alkalis  on  dinitrophenyl-citraconiniide.  When 
this  compound  is  treated  with  a  boiling  dilute  solution  of  carbonate  of  sodium,  carbonic 
anhydriae  is  evolved,  and  the  light  flo^ulent  crystals  of  the  amide  are  partly  dissolved, 
and  partly  converted  into  a  heavy  yellow,  crystalline  powder,  consisting  of  dinitrani- 
line ;  when  the  action  is  complete,  this  substance  separates  out  in  more  definite  crystals. 
If  the  boiling  be  not  continued  long  enough  to  ensure  the  complete  decomposition  of 
the  imide  in  the  manner  above-mentioned,  the  mother-liquor  is  found  to  contain  dini- 
trophenylcitraconamate  of  sodium  as  well  as  citraoonate.  The  dinitraniline  is 
purified  by  crystallising  it  several  times  from  boiling  water: 

/r»TT«ntr  )  H.C»H«(NO«)«)^ 

(^H^NoVI  N     +     H«0       -  (CW)*'    }J 

DlnftmpbenTl-  Dinltrophenyl-cltraF- 

citracooimiae.  conamlc  acid. 

H  } 

DinHrophrayT-citra*  Dinitraniline.  Citnoonic  add. 

conamic  acid. 


Trtnitnuilline. 
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Dinitraiiilme  crystallises  by  spontaneous  eTaporation  of  its  solution  in  a  mixture 
of  alcohol  and  ether,  in  greenish-yellow,  rather  brilliant  tables,  exhibiting  a  bluish 
tint  by  reflected  light  on  l^e  lateral  fiices.  It  is  inodorous  ;  boils  at  185^,  giving  off 
yellow  Tapours,  which  condense  in  the  form  of  a  yellow  sublimate ;  the  melted  ]>ortion 
solidifies  on  cooling  into  a  deep  yellow  crystalline  mass.  It  dissolves  sparingly  in  cold 
wat^Tj  easily  in  boilLig  water  and  in  alcohol.  When  heated  suddenly  in  a  tube,  it  blackens 
and  explodesL   Sulphide  of  ammonium  converts  it  into  nitrophenylene-diamine: 

DinitmnQIne.  KitrophenyleDO- 

dlanalue. 
Dinitraniline  does  not  combine  with  acids. 

Trinitrophenylamide,  Picramide,  C«H«N*0«  -  ^'^^?^*)'|n  ? 

(Pisani,  Ann.  Ch.  Pharm.  xcii.  326.) — Obtained  by  the  action  of  ammonia  on 
chloride  of  trinitrophenyl  or  chloropicryl  (p.  416).  When  crude  chloropicryl  is  tritu- 
rat'Od  with  excess  of  cold  aqueous  carbonate  of  ammonium,  and  the  resulting  mass  is 
treated  with  boiling  water,  a  residue  is  obtained,  consisting  of  trinitianiline,  which 
dissolves  in  boiling  alcohol,  and  separates  in  crystaUine  plates,  dark  yellow  by  trans- 
mitted, violet  by  reflected  lights  and  yielding  a  light  yellow  powder.  It  dissolves 
sparingly  in  ether.  When  heated  it  decomposes  with  detonation,  giving  off  nitrous 
fames  and  leaving  a  carbonaceous  residue.  Meated  with  aqueous  potash,  it  gives  off 
ammonia  and  leaves  picrate  of  potassium. 

Asonltroplieaylamlne,   CIPN*0*    «    C«H«(NO«)N«   »     [<^H(N0«^7|j^^ 

Diazoniirobeneol.  (Griess,  Phil.  Trans.  1864,  [3],  708.) — By  treating  the  nitrates  of 
o-  and  iS-nitraniline  *  with  nitrous  acid,  nitrates  of  azonitrophcnylamine  are  obtained, 
having  the  same  composition  but  differing  from  one  another  in  physical  properties,  and 
yielding,  when  heatea  with  bromine,  platinic  chloride,  and  other  reagents,  isomeric 
salts  exhibiting  corresponding  differences  of  physical  character. 

Nitrate  of  orazonitrophenyTaimne^  C*H'NK)'.NHO*,  is  precipitated  by  ether  from  its 
alcoholic  solution  in  prisms  frequently  approaching  to  cubes,  very  soluble  in  water, 
sparingly  soluble  in  alcohol,  in«)luble  in  ether,  and  exploding  with  great  violence  when 
heated.  The  /3-salt  has  about  the  same  degree  of  solubility,  but  crystallises  in  fine 
long  needles. 

Both  modifications  of  the  nitrate  when  boiled  with  water,  are  decomposed,  after  some 
time,  with  evolution  of  nitrogen-gas,  yielding  a  brownish,  easily  fusible,  slightly  acid 
substance,  which,  judging  from  the  manner  in  which  the  nitrHtes  of  asophenvlamine 
azobromo-bromophenylamine,  &c.,  are  decomposed  (pp.  432,  437),  should  have  tne  com- 
position of  nitrophenio  acid,  according  to  the  equation : 

C«H«(NO»)N«     +     WO      -=      C^»(NO«)0     +     N«; 

Asonltrophenyl-  Nitrophenic 

amine.  acid. 

but  it  cannot  be  made  to  crystallise,  and  appears  to  differ  altogether  in  its  properties, 
both  from  nitrophenic  and  from  isonitrophenic  acid  (p.  394). 

The  cMoroplaHnatea,  2(C«H«N»0«.HCl)Pt«'Cl«,  of  both  modifications,  crystallises  in 
long  yellow  needles  or  prisms. 

Perbromide  of  a-azonitrophcnylammonium^  C*H^(NO')N'Br",  is  precipitated  by 
bromine-water  from  the  aqueous  solution  of  the  a-nitrate,  usually  as  an  oil  which  soon 
solidifies.  It  forms  small  orange-coloured  plates  or  prisms,  which,  unlike  the  iS-com- 
pound,  cannot  be  reaystallised  from  warm  alcohol  It  is  likewise  obtained,  together 
with  tribromonitraniline,  by  the  action  of  bromine  on  azodinitrodiphenyldiamine,  the 
lattCT  being  suspended  in  water,  and  bromine  added  till  the  whole  is  converted  into  a 
heavy  brownish-red  oil : 

C"H»(NO«)«N»  +  Br«  «.  C«H*(NO«)N«Br»  +  C«H«Br«(NO»)N  +  2HBr. 
Axodlnitro-dlphenyU  Perbromide.  TribromoaitraDiline. 

diamine* 

On  decanting  the  supernatant  aqueous  mother-liquor,  and  allowing  the  excess  of 
bromine  to  evaporate,  the  oil  solidifies  to  a  crystalline  mass.  Before  however  com- 
plete solidification  occurs,  thick  yellowish-red  crystals  frequently  shoot  out,  oonsiBting 
of  the  nearly  pure  perbromide,  which  may  be  freed  from  adhering  tribromaniline  by 

Eulverisation  and  washing  with  ether.    If  no  distinct  crystals  form  after  the  bromine 
as  evaporated,  the  crystalline  mass,  consisting  of  the  perbromide  and  tribromonitraniline, 
must  be  pressed  between  filter-paper  and  washed  with  ether,  to  dissolve  out  the 

•  The  prefiaee  m  and  $  are  here  used  lo  the  leiue  oppoaite  to  that  utigned  to  them  in  GrieM*i 
paper  (tee  foot-note,  p.  446). 
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tribromomtraniline.  This  however  10  attended  with  loss,  since  the  perbromide  is 
partly  converted  by  the  ether  into  nitrobromobenzene. 

The  iS-perbromide  is  precipitated  by  bromine-water  from  the  aqueous  ^-nitrate^  in 
slender  orange  prisms  almost  insoluble  in  water  and  in  ether,  but  easily  soluble 
in  warm  alcohol,  whence  the  compound  is  deposited  on  cooling  in  well-defined 
ciystals. 

On  heating  the  alcoholic  solutions  of  the  a-  and  jS-p^-rbromide,  a-  and  /3-nitrobromo- 
benzene,  C«H*(NO«)Br  (p.  416),  are  obtained. 

The   a-perbromide    treated  with   aqueous    ammonia   is  converted    into  a-azo- 

nitrophenylene-diamine,    *-    ^       ^^^^  >N',    or    diazonitrobenzolimide, 

^'        ^    -at     ^-'  [  N,  which  crystallises  in  orange-coloured  needles,  melting  at  52^. 

The  /3-perbromide  yields  in  b'ke  manner  a  compound  having  the  same  composition, 
but  crystallising  in  very  brilliant  yellow  rounded  plates  which  melt  at  71°. 

Trl1iroinonitroplienylamlae«  or  Trltoromoiiltraiitllae,  C*H'Br'(NO')N. — 
Produced  as  above  by  the  action  of  bromine  on  azodinitrodiphenyldiamine.  To  obtain 
it  pure,  the  etheroal  solution  is  evaporated  to  dryness ;  the  residue  is  dissolved  in 
warm  alcohol;  the  solution  is  mixed  with,  water  till  it  becomes  milky  and  deposits 
crystals,  and  the  cz^'stals  are  thrown  on  a  filter,  pressed  between  sheets  of  filter-paper 
to  remove  any  adhering  nitrobromobenzene,  and  further  purified  by  crystallisation 
from  weak  alcohoL  It  crystallises  in  small  slightly  yellowish  plates  which  cannot  be 
sublimed  without  decomposition.    (G  r  i  e  s  s. ) 

11.  DZRIYATIVES  OF  AkILINB  FOBlCm)  BT  BBFIACEiailT  OF  HtDBOOHN  NOT 

BBLOMOINO  TO  THB  PhsNTL-BADICLB. 

The  extra-radical  or  typic  hydrogen  of  anilin^  may  be  replaced  wholly  or  partially, 
both  by  acid  and  by  alcohol-radicles.  In  the  former  case,  neutral  or  acid  amides  are 
produced,  such  as  phenyl-acetamide,*  (C*H*)^CH'0)HN,  pbenyl-dibenzoylamide, 
(C*H*XC'H*0)'N,  &c  These  compounds  are  aescribed  with  the  several  acids,  or  in 
separate  articles.  In  the  latter  case,  basic  amines  are  formed,  such  as  methyl-aniline, 
(C«H»XCH«)HN,  methyl-amyhinfline,  C^»XCH')(C*H»')N,  &c. :  these  will  be  de- 
scribed in  the  following  pages.  They  are  produced  by  the  action  of  the  bromides  and 
iodides  of  the  alcohol-ramcles  on  aniline :  those  in  which  the  whole  of  the  hydrogen  is 
replaced  by  alcohol-radicles  are  capable  of  uniting  with  the  alcoholic  iodides,  forming 
compounds  belonging  to  the  ammonium-type  (see  pHBNTLAmcovirxs). 

C«HM 
AUylaalUnet  or  AUyloplieiiylaiiilBe,  C^"N  »  CH^VN.    (H.  Schiff,  Ann. 

H) 
Ch.  Pharm.  Suppl.  iii.  364.) — A  mixture  of  aniline  and  iodide  of  allyl  becomes  heated 
to  100^  in  a  few  minutes,  and  forms  a  veiy  soluble  crystalline  mass  of  hydriodate  of 
allylaniline.  The  free  base  separated  from  this  salt  bv  potash  is  a  yellow  liquid  of 
specific  gravity  0*982  at  25° ;  having  an  odour  of  aniline  and  of  geraniums,  and  a 
burning  taste ;  slightly  soluble  in  water.  Its  salts  are  cr^'stalline,  easily  soluble,  and 
are  coloured  violet  by  hypochlorite  of  calcium.  The  concentrated  solution  of  the 
hydrochlorate  gives  with  platinio  chloride  a  dark  yellow  precipitate,  which  usually 
separates  as  a  resin  becoming  crystalline  after  a  while.  It  is  slightly  soluble  in  water 
and  in  alcohol,  and  contains  2(C»fl"N.HCl)Pt»*Cl*  (p.  469). 

The  free  base  treated  with  aman/^  yields  heptylidene-diallyl-diphenyl* 
diamine,  (C'H'*)"(C"H*)«(C«H»)«N«. 

OHM 
AmyUnilline«  C"H>^  -    C*H>VN.    (Hofmann,  Chem.  Soc.  Qu.  J.  iii.  297 ; 

Hi 
Ann.  Ch.  Pharm.  Ixxiv.  163.)~To  obtain  this  base,  a  mixture  of  aniline  and  bromide  of 
amy!  is  set  aside  at  the  ordinary  temperature  for  several  days  ;  the  mother^liquor,  con- 

•  Natet9  Phtniflaeetamide  (p.  418).  This  coropoand  Is  entlhr  prnducwl  by  proloDged  boiling  (cobo. 
bation)  of  aoilme  with  concentrated  acetic  acid  (COH'N.CH^O*-  H^O  s  c:^H«NO).  On  tubsequent 
distillation,  the  amide  panKea  oTcr  and  tolldifipt  In  a  white  paraffin-like  mat*.  Itdiaaolves  ra.'^lly  in 
water,  alcohol,  ether,  bensene,  and  Tolatile  oils ;  rryttallUet  on  cooling  from  a  hot  aqueous  solution 
In  small  colourless  neediM ;  from  oil  of  lemons,  in  large  neoUles.  It  melts  at  101^  and  boils  at  295'* 
(bar.  at  7M  mm.).  Specific  gravity  =s  I'O. Oa^  10-5°.  Vapour-density,  obs.  =  4  807—4  887:  calc.  = 
4*671.  It  ft  decomposed  by  sndluiP,  yielding  anilme  and  a  sn  all  quantity  of  another  basic  oil  (Or  et  III  e 
Williams,  Chem.  Soc.  J.  xvii.  106.) 
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mating  of  amylaniline  and  bromide  of  amyl,  is  decanted  ftom  the  resolUng  OTstals  of 
hydrobromato  of  aniline ;  and  the  bromide  of  amyl  is  distilled  off: 

2C«H'N     +     C*H"Br      -       C'H'N.HBp     +     C"H»T^. 

Or  a  mixture  containing  a  larger  quantity  of  bromide  of  amyl  is  heated  in  the  vater- 
bath ;  the  excess  of  bromide  of  amyl  remoTed  by  distillation ;  and  the  remaining 
hydrobroraate  of  amylaniline  decomposed  by  potash,  whereby  the  amylaniline  is  separated 
in  the  form  of  an  oil,  which  may  be  purified  by  solution  in  ether,  agitation  with  water, 
and  eyaporation  of  the  ether. 

Amylaniline  is  a  colourless  oil,  which  boils  steadily  at  258°,  has  an  agreeable  odour 
like  that  of  roses  at  ordinair  temperatures,  but  an  offensire  odour  of  fusel-oil  when 
heated.  Heated  with  bromiae  of  ethyl  to  100°,  it  is  converted  into  hydrobromate  of 
etlwlamylaniline,  and  with  bromide  of  amyl  into  diamylaniline. 

Its  compoands  with  hydrobromic,  hydrochloric  and  oxalic  adds,  form  beautiful 
ciystals,  which  haye  a  fatty  lustre,  dissolye  sparingly  in  water,  and  when  heated  with 
water,  rise  to  the  surface  in  the  form  of  an  oil  which  solidifies  on  coolinf . — The  chloro- 
platinate  is  precipitated  in  the  form  of  an  unctuous  mass,  which  ciystallises  only  after 
a  considerable  time,  and  when  a  portion  of  it  has  suffered  decomposition. 

BiAimAimjinE,  C'^H*^  »  /Qftuii\s[  N.  (Hofmann,  Ann.  Ch«  Pharm.  lxziy.156.) 

Amylaniline  heated  for  two  days  in  the  water-bath  with  excess  of  bromide  of  amyl, 
yields  crystals  of  hydrobromate  of  diamylaniline,  from  which  the  base  may  be  separated 
as  aboye.  It  is  an  oil  boiling  between  276°  and  280°,  and  haying  the  odour  of  amyl- 
aniline. 

Its  salts  aro  nearly  insohible  in  water,  so  that  when  the  base  is  heated  with  dilute 
hydrochloric  or  sulphuric  acid,  the  resulting  salt  rises  to  the  sorface  in  the  form  of  an 
oil,  which  on  cooling  solidifies  in  a  crystalline  mass  having  a  fatty  lustre. — The  plati- 
num-salt, 2(C'«H*^N.HCl)Pt*'Cl\  is  precipitated,  on  mixing  the  hydrochlorate  with 
tetrachloride  of  platinum,  in  the  form  of  a  yellow  oil  which  quickly  solidifies  to  a 
brick-red  crystallme  mass ;  alcoholic  lAlutions  immediately  yield  cirstals. 

C-H») 

CetylanlllBe,  C"H«^  >-  C'«H»>N.   (Fridau,  Ann.  Ch.  Pharm.  Ixxxiii.  25.>- 

H    3 
Iodide  of  cetyl  heated  to  100°  with  excess  of  aniline  yields  crystalline  hydriodate  of 
aniline  and  free  cetylamine,  which  may  be  separated  from  the  crystals  by  means  of 
water  and  ether,  and  purified  by  converting  it  into  a  hydrochlorate,  decomposing  this 
salt  by  potash,  and  recrystallising  the  free  base  thus  obtained  from  alcohoL 

Cetyfanilino  crystallises  in  silvery  scales  which  melt  at  42°,  and  solidify  at  32°  to  a 
yellowish-white  mass  of  crystalline  rosettes.  It  is  insoluble  in  water,  easily  soluble  in 
alcohol  and  ether,  does  not  precipitate  metallic  salts,  and  has  no  action  on  vegetable 
colours. 

The  hydrochlorate  crystallises  in  shining  plates. — The  chloroplatinate  (2C**H"N. 
HCl)  J^t**Cl*,  is  precipitated  in  reddish-yellow  crystalline  flocks  on  adding  water  to  a 
mixture  of  hydrochlorate  of  cetylaniline  and  alcoholic  platinic  chloride.  The  nitrate 
crystallises  in  shining  laminae,  the  alcoholic  solution  of  which  is  partially  decomposed 
by  evaporation.  The  oxalate  forms  colourless  confusedly  interlaced  needles.  The 
sulphate  is  the  most  soluble  of  the  salts  of  cetylaniline;  it  may  be  completely  separated 
from  its  alcoholic  solution  by  water. 

C«H») 

BtbylAiiillne.    C*H"N  »   CH^^N.    (Hofmann,  Chem.  Soe.  Qu.  J.  iii.  286; 

H  J 
— Ann.  Ch.  Pharm.  Ixxiv.  128.) — A  mixture  of  aniline  and  excess  of  bromide  of  ethyl, 
gently  heated  in  an  apparatus  which  allows  the  condensed  vapours  to  flow  back  again, 
passes  into  spontaneous  ebullition,  and  afterwards  on  cooling  yields  crystals  of  hydro- 
bromate of  ethylaniline :  C«H'N  +  C*H»Br  -  C»H'»N.HBr.  The  aqueous  solution  of 
the  hydrobromate  of  ethylaniline  is  mixed  with  concentrated  potash,  and  the  brown  oil 
which  rises  to  the  surface  is  removed  with  the  pipette,  dried  over  hydrate  of  potassium, 
and  rectified. 

Ethylaniline  is  a  transparent,  colourless,  strongly  refracting  oil  of  sp.  gr.  0-954  at 
18°;  boils  constantly  at  204°;  smells  like  aniline;  does  not  produce  any  blue  colour 
with  chloride  of  lime ;  colours  firwood  and  elder-pith  yellow,  but  much  less  strongly 
than  aniline.    It  is  soluble  in  alcohoL 

Decompositions. — 1.  Ethylaniline  quickly  turns  brown  when  exposed  to  the  air,  or 
even  unoer  the  mere  infiuence  of  light. — 2.  With  bromine  it  forms  a  neutral  (tribro- 
maailine  ?)  and  a  basic  compound. — 3.  It  takes  fire  in  contact  with  dry  chromic  acid. — 
4.  With  phosgene  gas  it  acts  violently,  forming  a  hydrochlorate  and  an  indifferent  oil. — 
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6.  With  sulphide  of  earbont  it  slowlj  giyes  off  sulphurettod  hydrogen.— 6.  Cuanogen 
gas  passed  through  alcoholic  ethylaniline,  forms  short  prisms  probably  consisting  of 
cyanethylaniline,  C*H"N^.  This  compound  is  separated  in  the  pulveriiient  form,  on 
adding  ammonia  to  the  solution  of  the  crystals  in  dilute  sulphuric  acid :  its  solution  in 
sulphunc  acid,  on  being  mixed  with  strong  hydrochloric  acid,  deposits  the  hydrochlo- 
rate  in  beautiful  crystals ;  its  platinum-sfdt  is  yery  soluble. — 7.  Ethylaniline  absorbs 
gaseous  chloride  of  cyanogen  rapidly  and  with  rise  of  temperature,  and  then  solidi- 
fies on  cooling  in  the  form  of  a  resinous  mixture  containing  a  neutral  oil  imd  the  hydro* 
chlorate  of  a  volatile  oily  basa — 8.  Ethylaniline  heated  for  two  days  in  the  water- 
bath  with  iodide  of  methyl  yields  crystals  of  hydriodate  of  methyl-ethyl-aniline 
(;C«H»)(CH«XC«H*)N.HI.  In  like  manner  with  bromide  of  ethyl  and  bromide  of  amyl, 
it  yields  the  nydrobromates  of  diethylaniline  (C*H^)(CH^)'N,  and  ethyl-amyl-aniline 
(C*H*)(C«H»XC5»H")N. 

Cornbinaiions, — The  salts  of  ethylaniline  dissolve  very  easily  in  water,  less  easily  in 
alcohol,  from  which  also  they  crystallise  better.  The  sulphate  and  hydrochlorate  have 
.not  yet  been  obtained  in  the  solid  form.  The  hydrobromate,  C*H"N.HBr,  prepared 
as  above,  crystallises  from  the  alcoholic  solution  by  spontaneous  evaporation  in  large 
tables.  At  a  gentle  heat  it  sublimes  in  needles  without  decomposition,  but  when 
quickly  heat<$d,  it  is  resolved  into  aniline  and  bromide  of  ethyL  It  dissolves  very 
readily  in  water. 

Mercuric  chloride  and  trichloride  of  gold  added  to  hydrochlorate  of  ethylaniline 
throw  down  yellow  oils  which  quickly  decompose.  * 

Chloroplatinate  of  Ethylaniline,  2(G*Hi'N.HCl).Pt^*Cl^— A  saturated  aqueous  solu- 
tion of  hydrochlorate  of  ethylaniline,  added  to  a  concentrated  solution  of  platinic  chloride, 
throws  down  an  oil  of  a  deep  orange-yellow  colour,  which,  after  a  few  hours,  solidifies 
in  the  crystalline  form ;  a  somewhat  more  .dilute  mixture  deposits  after  a  tew  hours, 
splendid  needles  an  inch  long,  which  must  be  washed  with  a  mixture  of  ether  and  a 
little  alcohol.  The  crystals  are  permanent  at  100^,  and  dissolve  very  readily  in 
water  and  alcohol. 

DiETHTi.ANiLnnE.    C»»H**N    =    rc*HM*l^'    (Hofmann,  Ann,  Ch.  Pharm.lxxiv. 

135.) — ^The  hydrobromate  of  this  baise  separatee  in  crystals  from  a  mixture  of  ethyl- 
aniline with  a  yery  large  excess  of  bromide  of  ethyl,  and  when  freed  from  adhering 
bromide  of  ethyl,  and  treated  with  potash,  as  in  the  preparation  of  ethylaniline,  yiel£ 
diethylaniline,  as  a  transparent,  colourless  oil  of  sp.  gr.  0*936  at  18^,  boiling  with  per- 
fect steadiness  at  213*5^,  and  exhibiting  with  firwood  and  chloride  of  lime,  the  same  reac- 
tions as  ethylaniline.  It  remains  transparent  and  colourless  when  exposed  to  the  air. 
With  iodide  of  ethyl  it  yields  iodide  of  trietfayl-phenylammonium,  (CH*)'(CI'H*)NI. 

Hvdrobromate  ^Diethylaniline,  C'*H'*N^Br,  prepared  as  above,  forms  large  four- 
sided  tables,  which  at  a  eenUe  heat  melt  and  sublime  in  needles  without  decomposition ; 
but  when  quickly  heated,  are  almost  wholly  resolved  into  an  oily  distillate  consisting  of 
ethylanUine  and  bromide  of  ethyl. 

Chloroplatinate  of  Diethylaniline,  2(C"H»»N.Ha).Pt»'a<,  is  precipitated  from  some- 
what concentrated  solutions  of  hydrochlorate  of  aiethylaniline  and  tetrachloride  of 
platinum,  in  the  form  of  a  brownish-yellow  oil  which  soon  solidifies  in  a  hard  mass; 
but  from  more  dilute  solutions  it  is  gradually  deposited  in  yellow  prisms  which  may 
be  purified  by  crvstallisation  from  alM>hoL  It  is  less  soluble  both  in  alcohol  and  in 
water  than  the  platinum-salt  of  ethylaniline.    (Hofmann.) 

C*H«Br) 

Etstlbboicanilinb.    CHi^BrN  «>     O^H*    >K.     Bromaniline  treated  with  excess 

H      ) 
of  bromide  of  ethyl  is  (quickly  converted  into  hydrobromate  of  ethylbromaniline  (p.  278) 
which,  when  treated  with  potash,  yields  ethylbromaniline  exactly  resembling  ethyl- 
chloraniline.    Its  platinum-salt  is  a  viscid  oiL    (Hofmann,  Ann.  Ch.  Pharm.  Ixxiv. 
126.) 

C^^Cl) 

ETHTLCELOBAinLDrB.     G*H**C1N  s     OH'  >N.— A  mixture  of  chloraniline  and 

H  ) 
excess  of  bromide  of  ethyl,  kept  for  some  days  at  100°,  and  then  freed  from  excess  of 
bromide  of  ethyl  by  distillation  with  water,  leaves  a  solution  of  hydrobromate  of  ethyl- 
chloraniline,  on  which  a  few  drops  of  the  base  fioat.  This  base  is  completely  separated 
by  potash  in  the  form  of  an  oil  of  high  boiling  point,  remaining  liquid  below  0°,  and 
having  an  odour  like  that  of  auise-oiL 

The  salts  of  this  base  are  much  more  soluble  than  those  of  chloraniline. 

The  sulphate axkd  oxalate  crystallise;  the  chloroplatinate  does  not.  (Hofmann, 
Ann.  Ch.  Pharm.  Ixxiv.  143.) 

0  0  2 


452  PHENYLAMINES : 

ft 

DiETHYLCttLGBAmmns.    C'«H"C1N  «  /Q^45[N.---AmixtuTO6f  bromideof  ethjl 

and  ethylchloraniline  dried  in  a  hot  current  of  air  and  heated  lo  100°  for  two  days, 
is  converted  into  hydrobromate  of  diethylchloraniline ;  and  from  this  the  base  is 
separated  by  potash  as  a  brownish  oil,  which  is  purified  by  solution  in  ether,  fireed 
from  potash  by  washing  with  water,  and  from  ether  by  evaporation. 

The  solution  of  the  base  in  hydrochloric  ^acid  yields  with  platinic  chloride  an  orange- 
yellow  crystalline  predpitate  of  the  chloroplatinate  2(C*«H>«ClN.HCa).Pt>*a^  (Hof  • 
mann,  loc,  cU.) 

ETHTL-AiXTL-AMiLnas.    C*»H"N   —   C*H*yN. — The   hydriodate  is    obtained  by 

heating  allylanillne  with  iodide  of  ethyl  for  two  or  three  days,  as  a  crystalline  mass^ 
from  which  potash  separatfs  the  base  as  a  thick  yellow  oil  having  no  characteristic 
odour,  distilling  between  220°  and  225°,  and  forming  soluble  salts.  An  acid  oxalate^ 
0"H''N.CH'0\  crystallises  from  a  solution  of  the  base  in  excess  of  hot  aqueous  oxalic 
acid,  in  spherical  groups  of  small  needles.    (Schiff,  Ann.  Ch.  Pharm.  SuppL  iiL  364.) 

C«H» .) 

ETHTL-AifTL-ANimra.      C^HnN    -  -C'H*  >N.     (Hofmann,  Ann.  Ch.  Pharm. 

C»H»'3 
Ixxiv.  156). — ^A  mixture  of  amyianiline  and  excess  of  bromide  of  ethyl  {yid,  «ttp.),  or  of 
ethylaniline  and  excess  of  bromide  of  amyl  or  of  iodide  of  amyl,  which  acts  most 
quickly,  is  heated  in  the  water-b&th  for  two  days,  and  the  base  is  separated  from  the 
resulting  hydrobromate  ofethylamvlaniline  as  in  the  preceding  case.  The  product 
is  a  colourless  oil,  boiling  at  262°,  therefore  only  4°  higher  than  amylanilme. 

When  heated  with  iodide  of  methyl  it  yields  the  iodide  of  methyl-ethyl-amylo- 
phenyhimmonium,  (CH»)(C»H»)(C»H»)(C«H»)NI. 

The  Hydrobromate  and  HydrocMorate  of  Ethylamylnniline  crystalHse.  The  former 
is  resolved  by  distillation  into  ethylaniline  and  bromide  of  amyl : 

C>»H«N.HBr     =^     C»H"N  +  C^"Br. 

The  e^oropl<Uinate  is  precipitated  in  the  form  of  an  orange-yellow  viscid  liquid, 
which  solidifies  in  crystals  fusible  at  100° 

C«HM 
MetHylaaillne.  G'H*N  =  CH'|N.    (Hofmann,  Ann.  Oh.  Pharm.  Ixxiv.  150.) 

— This  base,  metameric  with  benzylamine  or  toluidine,  (G^H')H'N,  is  produced  by  the 
action  of  iodide  or  bromide  of  methyl  on  aniline.  The  mixture,  which  should  be  made 
gradually,  to  avoid  too  great  a  rise  of  temperature,  soon  solidifies  to  a  crystalline  mass 
of  hydriodate  or  hydrobromate  of  methyianUine,  from  the  aqueous  solution  of  which 
the  oilv  base  may  be  separated  by  potash. 

Methylaniline  is  a  transparent  oil,  which  boils  at  192°,  has  a  peculiar  odour,  and 
colours  aqueous  chloride  of  lime  violet,  but  not  so  strongly  as  aniline.  Its  salts  are 
sparingly  soluble  in  water,  and  are  separated  from  their  aqueous  solution  in  the 
czystalline  state  by  acids. 

The  chloroplatinate,  2(C^»N.Ha).Pt!»'Cl\  is  precipitated  in  the  form  of  a  limpid  oU, 
qtiickly  changing  to  pale  yellow  crystalline  scales  which  must  be  quickly  washed  with 
cold  water  and  dried.  They  soon  turn  black  from  decomposition,  and  when  alooholie 
solutions  are  used,  a  black  mass  is  immediately  precipitated. 

The  oxalate  crystallises  readily,  but  quickly  decomposes,  reproducing  aniline. 

C«H*  ] 

Methtl-ahtl-anilikb,  C^*H"N  «  CH*  >N,  is  produced  by  the  distillation  of 

C*H»>3 
hydrate  of  methyl-ethyl^amylo-phenylammonium,  water  and  ethylene  being  given  off 
at  the  same  time: 

[(CH»)(C»H»)(C»H")(C^*)N]HO     =     (CH»){C»H")(C«H»)N  +  C«H*  +  HK). 

It  is  an  oil  having  an  agreeable  odour.  The  chloroplatinate,  2(C'*H"N.Ha).R*'Cl*,  is 
a  crystalline  precipitate.    (Hofmann,  Ann.  Ch.  Pharm.  Ixxix.  15.) 

C«H*) 
Methtl-ethtl-aioline.    C*H**N  «  CH'?-N.    (Hofmann,  Ann.  Ch.  Pharm.  Ixxiv. 

C«H»> 
152.) — ^Ethylaniline  heated  with  iodide  of  methyl  for  two  days  to  100°,  yields  crystals  of 
hydriodate  of*methyl-ethyl-aniline.    The  base  separated  therefrom  smells  like  ethyl- 
aniline, but  is  not  coloured  by  chloride  of  lime.    Its  salts  are  very  soluble  and  mostly 
nnciystallisable. 
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VbeiijlAiillIaes.— 1.  Diphsntuoonx,  C"H"N     «     C*n«lN.       (Hofmann, 

H) 
Ann.  Ch.  Pharm.  cxzxii.  163.) — This  base,  isomeric  with  xenylamine  (C'*H*)H*N,  is 
produced  by  the  distillation  of  triphenyl-rosaniline  (aniline-blue),  C"H"(C*H*)"N'. 
When  commercial  aniline-blue  is  subjected  to  distillation^  a  •  faintly  yellowish  liquid 
passes  over,  and  when  the  portion  which  distils  between  280° — 300°  is  mixed  with  hy- 
drochloric acid,  it  immediately  solidifies  to  a  hydrochlorate,  sparingly  soluble  in  strong 
hydrochloric  acid,  easily  puiified  by  washing  with  alcohol  and  recrystallisation  from 
alcohoL  This  salt  mixed  with  ammonia  yields  colourless  oil-drops  which  solidify 
in  a  few  seconds  to  a  haid  crystalline  mass  of  diphenylamine. 

This  base  is  also  found  in  small  quantity  amongst  the  products  of  distillation  of 
rosaniline,  leucaniline,  and  melaniline. 

Diphenylamine  has  a  peculiar  odour  of  flowers,  and  an  aromatic  taste  with  burning 
after-taste.  It  melts  at  45°  to  a  yellow  oil^  which  boils  constantly  at  310°.  It  is 
nearly  insoluble  in  toatert  easily  soluble  in  alcohol  and  ether.  Neither  the  aqueous 
nor  the  alcoholic  solution  exhi&ts  the  slightest  alkaline  reaction*  The  ciystals  treated 
with  concentrated  acids  are  immediately  converted  into  the  corresponding  salts,  which 
however  are  extremely  unstable,  the  base  being  separated  from  them  even  by  water  in 
oily  drops  which  soou/solidify  to  crystals.  From  the  hydrochlorate  every  trace  of  the 
base  may  be  removed  by  prolonged  washing  with  water.  The  hydrochlorate, 
C^'H^N.HCl,  is  obtained  byrecrystallisation  from  alcohol  in  white  needles,  which  soon 
turn  blue  in  contact  with  the  air. 

Diphenylamine  and  its  salts  treated  with  strong  nitric  acid  immediately  assume  a 
splendid  blue  colour ;  the  reaction  is  best  exhibited  by  mixing  the  base  with  hydro- 
cnloric  acid,  and  then  adding  nitric  acid  by  drops ;  it  is  very  delicate,  and  serves  to 
distinguish  dipheuylaminefrom  all  similar  bodies  excepting  phenyl-tolylamine  (p.  454). 
The  compound  to  which  this  blue  colour  is  due  is  likewise  produced  by  the  action  of 
other  oxidising  agents ;  thus  on  mixing  a  solution  of  the  hydrochlorate  with  platinio 
chloride,  a  blue  solution  is  formed,  from  which  the  chloroplatinate  separates  only  on 
very  strong  concentration^  and  even  then  deeply  coloured. 

Wl^en  diphenylamine  is  mixed  with  toluidine  (benzylamine)  and  the  mixture  treated 
with  mercuric  clUoride  or  arsenic  acid,  qt  any  of  the  other  reagents  by  which  or- 
dinary aniline  is  converted  into  aniline-red,  a  fiised  mass  is  obtained  which  dis- 
solves in  alcohol  with  splendid  violet-blue  colour.  The  body  thus  formed,  which 
has  the  character  of  a  true   dye-stu£^   is  probably  monophenyl-rosaniline. 

An  alcoholic  solution  of  diphenylamine  mixed  with  bromine^  yields  a  yellow 
crystalline  precipitate  oftetrabromo-diphenylamine,  C'H'Br^N,  probably  a 
(C*H'Br')'HN.  It  is  sparingly  solable  in  cold,  alcohol,  and  separates  from  boiling 
alcohol  in  beautiful  silky  crystals. 

Diphenylamine  h^ted  with  chloride  of  heneoyl  yields  diphenyl-benzamide, 

C'H*0 1  ^>  ^  ^®  ^"^^^  ^^  ^  Xhii^  oil  which  oyvtallisea  on  cooling.    (See  Vjoaxn^, 

BBMZiJaDES). 

2.  Thifhentlaminb.  C'"H»»N  -  (C«H»)^.  IHphenyUaniline.  (Gossmann, 
Ann.  Ch.  Pharm.  c.  57.) — This  base  has  not  yet  been  obtained  directly  from 
aniline  or  anv  other  phenyl-compound ;  but  a  base  metameric,  or  possibly  identical,  with 
it  is  prodncea  by  the  distillation  of  sulphate  of  cinnamyl  and  ammonium  with  slaked  lime : 

2[C»H»(NH*)S0»]  +  CdTBHy^     a     C"H»»N  +  NH«  +   2H*0   +   Ca'H'S'O*. 

The  distillate,  which  consists  of  a  dark  yellow  oily  liquid  and  a  watery  ammoniacal 
liquid  containing  the  organic  base,  is  boiled  with  carbonate  of  sodium  or  dilute  potash-ley, 
till  all  the  ammonia  and  volatile  hprdrocarbon,  &c.,  are  expelled;  the  fixed  alkali  re- 
moved by  repeated  washing,  &c,  with  diminishing  quantities  of  hot  water ;  and,  after 
the  water  has  been  separated  as  completely  as  possible  by  decantation,  the  oily  base  is 
distilled  in  a  slow  stream  of  hydrogen,  the  temperature  being  kept  low  at  first  to  evap- 
orate the  water,  and  the  base  afterwards  distilled  off  between  140°  and  160°;  this 
temperature  should  be  kept  up  as  long  as  possible,  since  the  base  deoomposes  at 
higher  temperatures. 

The  base  thus  obtained  is  a  colourless  oily  liquid,  which,  on  exposure  to  the  air, 
becomes  yellow  at  first,  and  afterwards  red.  It  boils  between  140°  and  150°,  and  dis- 
solves sparingly  in  water,  readily  in  alcohol  and  ether. 

The  salts  are  very  unstable,  all  of  them,  excepting  the  chloroplatinate,  decomposing 
spontaneously  on  exposure  to  the  air  eitlier  in  aqueous  or  alcoholic  solution.  The 
hydrochlorate  crystallises  in  shining  laminse  haying  a  slight  tinge  of  red.    Tho  chloro- 


454  PHENYLAMINES : 

plaiinatef  2C*'H"NCLPt**Cl\  separates  on  mudng  the  alcoholic  hydtochlorate  irith  a 
moderately  strong  and  neutral  alcoholic  solution  of  plaUnic  chloride,  as  a  dark  ydlov, 
bidky,  flocculent  precipitate,  permanent  in  the  air,  and  crystallising  from  alcohol  of 
76 — 80  per  cent,  by  eyaporation  orer  oil  of  yitriol,  in  brown  glassy  crystals  belong- 
ing to  the  regular  system. 

An  alcohoUc  solution  of  the  free  base  mixed  with  alcoholic  platinic  chloride,  forms  a 
bulky  precipitate  of  the  compound  CH"N'PtCl^  Analogous  compounds  are  obtained 
with  mercuric  chloride  and  nlver^iirate. 

The  base  G'"H**N  aboTe  described  is  usually  regarded  as  triphenylamine,  but  it  has 
not  been  shown  to  yield  by  decomposition  any  compound  of  phenyl,  or  any  of  the  usual 
products  of  decomposition  of  phenyl-compounds;  and  the  mode  of  its  formation  seems 
rather  to  show  that  itisdicinnamylamine,  (C*H')'HN.  With  totUde  of  ethyl,  it 
yields  the  compound  C~H~NI  =  (C*H»)(C«H»)»NI  or  (C«H»XC»HO«HNI  (see  phenyl- 
ammonium). 

Tolylanllliiay    BensylantUney     VtaeByl^toljrlaiiiliie  or  Vlieiijl-beiisarl- 

OHM 
amine.    C'*Hi'N  «  C'H^  VK.  (H  o  f m  a  n  n,  Ann.  Ch.  Pharm.  cxzziL  292.)— Bx)duced 

h) 

by  the  dry  distillation  of  a  salt  of  tritolyl-rosaniline  (toluidine-blue)  in  the  same  manner 
as  diphenylamine  is  produced  from  triphenyl-rosaniline  (p.  453).  To  prepare  it,  a 
eolation  of  crystallised  acetate  of  roeaniline  in  twice  its  weight  of  toluidine  (benzyl - 
amine)  is  boiled  for  some  hours  in  a  flask  having  a  vertical  condensing  tube ;  the  blue 
mass  is  then  distilled,  and  the  distillate  mixed  with  hydrochloric  add  and  then  with 
water,  whereby  aniline  and  toluidine  and  other  bases  accompan^g  the  phenyltolyl- 
amine  are  dissolved  as  hydrochlorates,  while  the  phenyl-tolylamine  remains  as  an  oily 
layer,  which  usually  solidifies  or  may  easily  be  purified  by  rectification.  The  resulting 
crystals  are  finally  recrystallised  from,  alcohol. 

Phenyl-tolylamine  melts  at  87^  and  boils  834*5  (corrected).  It  is  much  less  soluble 
than  diphenylamine.  Nitric  acid  converts  it  into  a  blue  substance  scarcely  distinguish- 
able from  that  produced  in  like  manner  from  diphenylamine.  It  unites  with  acids 
forming  loosely  combined  compounds  which  are  easily  decomposed  by  contact  with  water, 
by  heat,  or  even  by  evaporation  in  a  vacuum.  The  hydrochlorate,  C'H^'N.HCl, 
obtained  by  adding  concentrated  hydrochloric  acid  to  a  concentrated  alcoholic  solution 
of  the  base,  crystallises  in  lamine. 

Phenyltolylamine  fused  with  mercuric  chloride,  forms  a  dark-coloured  mass  which 
di  solves  in  alcohol  with  splendid  violet-blue  colour,  and  probably  consists  of 
diphenyl-rosaniline,  C«B"(C«H»)»N«. 

Phenyl-tolylamine  heated  with  chloride  of  benzoyl,  forms  phenyl-tolyl-benz- 
amide)  (Cm»)(C»H0(C«H»O)«N. 

Vliiylp«iilllne.  C"H»N  =  (C*H»)(C«H»)HN?  Acet^l-aniline,—A  base  obtained 
together  with  other  products,  by  the  action  of  chloride  of  ethylene  on  aniline 
(ifatanson,  Ann.  Ch.  Pharm.  xcviii.  297).  It  is  probably  identical  with  ethylene- 
phenylamine,  (C«H*)*(C«H»)N  (see  page  456,  foot-note). 

b.  Flianylp^iamlnes. 

These  are  diatomie  ammonias  having  2  at  hydrogen  replaced  by  phenyl,  and  2  or  8 
other  hydrogen  atoms  by  a  di-  or  tri-atomic  radicle. 

Hofmann  (Proc  Boy.  Soc.  ix.  277 ;  x  104),  by  acting  upon  aniline  with  dibromide 
of  ethylene,  obtained  ethylene-diphenyldiamine  and  diethylene-diphenyl- 
di amine,  according  to  the  equations : 

2(C*HM[«.N)  +  C«H*Bi»     -     (C?B«)''(C«H»)«H«N»  +  2HBr. 
2(C«H».H».N)  +  2C«H^r«  -     (C»H*)«(C*H»)«N»       +  4HBr; 

and  Schiff  (Ann.  Ch.  Phann.  SuppI  iii.  343),  by  treating  aniline  with  acetic  aldehyde 
(oxide  of  ethylidene),  has  obtained  two  compounds  of  the  same  composition  as  the  pre- 
ceding^ but  (Offering  from  them  in  physical  properties,  and  related  to  them  in  the  same 
manner  as  aldehyde  to  oxide  of  ethylene,  and  acetal  to  diethylate  of  ethylene,  that  is 
to  say,  containing  ethylidene  (iL  598)  instead  of  ethylene.  Their  formation  may  be 
represented  by  equations  exactly  similar  to  the  preceding,  substituting  0  for  Br". 

Compounds  analogous  to  the  second  of  these  bases  are  likewise  obtained  by  tzeating 
aniline  with  valerianic,  oenanthylic,  benzoic,  and  other  aldehydes,  the  general  equation 
of  their  formation  being : 

2[T!n]   +  2OH-0     -      fC;^:j);JN.  +  2HK). 
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A  phenyl-diamine  containing  a  triatomic  radicle,  viz.  formyl-diphenyl-diamino, 
(CH)  (CH*)^HN^  18  produced  by  the  action  of  chloroform  on  aniline  (Hofmann, 
Proc  Boy.  Soc.  iz.  230),  thus: 

2(CH».H«N)  +  CHC1»     -     (CHnC«H»)2HN«  +   3HC1. 

GriesB  (Ann.  Ch.  Pharm.  czzi  257 ;  Jahresb.  1862,  p.  337),  by  passing  nitrous 
acid  into  an  alcoholic  solution  of  aniline,  has  obtained  azodiphenyldiamine, 

QisQii^s  „      -j^"*    v.^2.  {^^  similar  compounds  are  obtained  by  the  action  of  nitrous 

H     3 
acid  on  alcoholic  solutions  of  bromaniline,  chloraniline,  and  nitraniline. 
Lastly,  melaniline,  G"H"N',  maybe  regarded  as  cyano-diphenyl-diamine, 
CN   ) 
(C«H»)«>N«,  and  the  base  C»»H"N»,  produced  by  the  action  of  tetrachloride  of  carbon 
H«    ) 

CN    I 
on  aniline,  as  cyano-triphenyl-diamine,  (CH*)*'fll'. 

1.  Ethylene-compounds, 

Sfbylena-dlplieiiyl-dlamlne.  C"H'«N"  «  (eB*)''(C«H»)«H«N».— This  com- 
pound is  obtained  by  treating  bromide  of  ethylene  with  a  large  excess  of  aniline  (1  vol. 
of  the  former  to  4  toL  of  the  latter).  The  mixture  rapidly  solidifies  to  a  crystalline  mass, 
from  which  water  removes  a  considerable  quantity  of  hydrochlorate  of  anUine,  leaving  a 
brown  resinous  substance,  which  gradually  but  imperfectly  solidifies.  This  substance 
forms  a  hydrochlorate  which  dissolves  but  sparingly  in  strong  hydrochloric  acid,  and  may 
be  readily  purified  by  repeated  crystallisation  from  boiling  alcohol.  On  mixing  the 
aqueous  solution  of  this  pure  hydrochlorate  with  potash  or  ammonia,  ethylene-diphenyl- 
diamine  separates  as  an  oil  which  quickly  solidifies  to  a  crystalline  mass  and  may  be 
purified  by  repeated  crystallisation  from  dilute  alcohol. 

Ethylene-diphenyl-dlamiue  is  very  soluble  in  alcohol  and  ether.  It  melts  at  59^. 
With  hydrocMoric  acid  it  forms  the  hydrochlorate,  C"H'«N«.2HC1,  or  chloride  of 
ethylene-diphenyl-diammonium,  (C*H*)''(C*H*)*H*N*.Cl',  which  when  treated  with 
^oHnio  chloride  yields  the  chloroplatinate,  (C«H*)''(OH»)«H*NK:!l«.Pt"'Cl^ 

Dibromide  of  eihyUne  im  presence  of  alcohol,  converts  it  into  diethylene-diphenyl- 
diamine:  ^ 

((?H<)*'(C^*)'H«N«  +  C*H<Br»     -     (C»i[^)»(C^»)«N»  +  2HBr. 

Ethylene-diphenyl-diethyl-diamine,  C"H«*N«  «  (C*H<)''(C«H»)*(C»H»)»N«, 
is  obtained,  in  combination  with  hydriodic  acid,  by  digesting  ethyleneHdiphenyl-diamine 
with  iodide  of  ethyl  for  some  hours  at  100<».  The  h^driodate,  C'»H"N«.2HI,  or  iodide 
of  ethylene-diphenyl-diethyl-diammonium,  C"H««N«I»  -  (C«H*)''(C»H»)«(OHyH«N«.P, 
then  separates  in  wdl-defined  prisms  sparingly  soluble  in  water,  more  soluble  in  alcohol. 
When  treated  with  potash  it  yields  the  free  base,  C^ff^N',  which  is  also  crystalline  and 
melts  at  70°     The  chloroplatinate,  C»"H"NH:!l«.Pt^'Cl\  crystallises  in  needles. 

IMetlftjlene-diplienyl-dlainine.  C>*Hi'N*  »  (C%«)*(C<H')'N<.— This  base  is 
produced,  as  already  observed,  by  the  action  of  bromide  of  ethylene  on  ethylene- 
diphenyl-diamine ;  also,  together  with  two  others  havinethe  same  percentage  composition, 
by  heating  1  vol.  bromide  of  ethylene  with  2  voL  anuine.  It  was  at  first  regarded  by 
Hofmann  as  ethylene-phenylaTnine,  (CH*)'*(C'H*)N,  but  its  deportment  with  the  iodides 
of  methyl  and  ethyl  (p.  456)  show  it  to  be  a  diamine.  It  is  polymeric,  or  metapolymeric, 
with  the  base  callea  vinyl-phenylamine,  which  Katanson  obtained  by  the  action  of 
dichloride  of  ethylene  on  aniline,  and  with  phthaHdinCf  (C"H')H'N  (?),  which  Dusart 
found  among  the  products  of  decomposition  of  nitronaphthalene. 

PreparaHon. — ^A  mixture  of  1  vol.  bromide  of  ethylene  and  2  vol.  aniline  exposed  to 
the  heat  of  boiling  water  for  an  hour  or  two,  solidifies  to  a  ciystAlline  mass  consisting 
of  hydrobromate  of  aniline^  together  with  three  other  bases,  partly  free,  partly  as  hy- 
drobromatea.  These  bases  are  separated  by  their  different  degrees  of  solubhty  in  alcohol, 
the  first  being  extremely,  the  second  but  slightly  soluble,  and  the  third  insoluble.  To 
effect  the  separation,  the  solid  mass  is  distilled  with  water  to  remove  unaltered  aniline. 
and  bromide  of  ethylene,  and  the  residue  is  mixed  with  strone  caustic  potash,  which  sets 
free  the  portion  of  the  bases  combined  with  hydrobromic  acid,  in  the  form  of  a  semisolid 
resin.  This  is  washed  with  water  and  redistilled  with  water,  whereby  an  additional 
quantity  of  unaltered  aniline  is  expelled,  and  the  residuary  mass  is  treated  with  boil- 
ing spirit  (methylated).  The  insoluble  base  is  then  loft  as  a  white  powder,  while  the 
other  two  dissolve  in  the  spirit,  and  the  solution  on  cooling  deposits  crystals  of  the  less 
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Boluble  base,  which  is  diethylene-diphenyl-diamine,  and  eonstitixtes  byfarthe 
largest  put  of  the  prodact^  while  the  more  soluble  base  remains  in  solution.*  The 
diethjlene-diphenyl-diamine  may  be  purified  by  two  or  three  crystallisfttions  fiom 
alcohol 

Properties. — ^Diethylene-diphenyl-diamine  crystallises  in  snow-white  nacreous 
needles,  tasteless,  inodorous,  insoluble  in  water,  soluble  in  boiling,  less  soluble  in  cold 
alcohol,  soluble  in  ether  ;  the  solutions  are  neubral  to  vegetable  colours.  It  melts  at 
148°,  and  begins  to  boil  and  distil  at  300°,  the  greater  purt  undergoing  decomposition 
and  yielding  considerable  quantities  of  aniline,  together  with  other  products  not 
examined.  ' 

The  base  dissolves  easily  in  hydrochloric,  sulphuric,  and  nitric  acid,  especially  on 
eently  heating  the  liquids,  which  on  cooling  deposit  well  ctystallised  salts.  The 
hydrochlorate,  C"»H"N«.2HC1  or  C"H«'N»C1«,  forms  yellow  precipitates  with  auric  and 
platinic  chlorides,  the  Utter  containing  C'«H»N«Cl«Pt»*Cl*. 

The  base  is  not  acted  upon  in  any  way  by  bromide  of  ethylene,  even  after  prolonged 
contact  at  100° — 150°;  but  when  heated  for  some  time  to  100°  with  the  iodides  of 
methyl  and  ethyl,  it  unites  directly  with  them,  yielding  the  compounds  C*'H''N*.CH1 
and  C'«H'"N«.C«H*I. 

The  methyl-compound,  when  fipeed  from  excess  of  methylic  iodide  by  distillation  with 
water,  then  washed  with  cold  water  and  repeatedly  czystallised  trom.  boiling  water — 
mixed  in  the  latter  stages  with  a  small  quantity  of  spirit — is  a  ciystalline  yellowish 
compound  which  may  be  dried  at  100°  without  decomposition.  Oxide  of  sdver  con- 
verts it  into  a  powerfully  alkaline  liquid  resembling  the  solution  of  hydrate  of  tetrethyl- 
ammonium,  and  yielding  with  hydrochloric  acid  and  platinic  chloride,  a  pale  yellow 
amorphous  o/a/iwww^a/^  containing  2(C"H»«N«.CH»a).Pt''a<. 

The  ethyl-compound,  C'*H'"!N'.C^H^I,  is  obtained  in  like  manner,  but  requires  longer 
digestion.  It  crystallises  in  yellowish-white  needles  which  melt  at  100°  to  a  yellow  oil. 
It  is  also  decomposed  by  oxide  of  silver,  yielding  a  strongly  alkaline  solution  which 
forms  with  hydrochloric  add  and  platinic  chloride  the  compound  2(C'*H"N'.C*flK/l). 
Pt»'Cl*. 

2.  Ethylidene^compounda^ 

By  the  action  ofacetic  aldehyde  on  aniline,  two  bases  are  formed  isomeric  with  the  etliy- 
lene  bases  just  described.  At  ordinary  temperatures  the  action  takes  place  with  great 
violence,  water  being  separated  and  a  thick  brown  liquid  formed.  But  if  the  two  liquids 
before  mixing  are  cooled  by  a  mixture  of  ice  and  salt,  and  the  aniline  is  kept  in  excess, 
a  moro  moderate,  though  still  very  rapid  action  takes  place,  and  the  resulting  mass  has 
only  a  slight  yellow  colour.  This  product  enclosed  in  a  sealed  tube  and  left  to  itself 
for  some  weeks,  assumes  a  red  colour  which  becomes  darker  on  finally  heating  it  to 
100°  for  a  few  hours.  On  opening  the  tube,  the  water  formed  during  the  reaction  (p.  454  *) 
is  easily  decanted  from  the  thick  liquid,  and  the  latter,  after  being  freed  from  excess  of 
aniline  by  dilute  acetic  acid,  may  be  further  purified  by  washing  it  several  times  with 
water,  dehydrating  it  in  the  fused  state  with  chloride  of  calcium,  then  dissolving  it  in 
a  considerable  quantity  of  ether-aloohol  to  separate  certain  fiocculent  impurities,  evap- 
orating the  solution  in  a  rotort,  and  drying  the  residue  for  some  time  between  100° 
and  110°.t  The  product  thus  obtained  is  a  shining,  ropy,  slightly  violet-coloured  mass 
containing  ethylidene- and  diethylidene-diphenyl-diamine,  which  may  be 
separated  by  boiling  alcohol,  the  latter  dissolving  easily  and  abundantly  theroin,  while 
the  greater  part  of  the  former  remains  undissolved  and  the  rest  separates  from  the 
alcoholic  solution  on  cooling. 

StbyUdene-dlpbenyl-dlamlne,  C'«Hif^^  =  (C*H«y'(C*H«)*H^',  is  obtained  by 
repeated  ciystallisation  from  hot  alcohol  in  spherical  groups  of  crystals  always  having 
a  faint  yellow  colour;  in  the  perfectly  pure  state,  it  would  probably  be  colourless.  When 
exposed  to  light  and  air  it  gradually  tiims  reddish.  It  does  not  unite  with  the  weaker 
acids,  but  readily  with  the  stronger  acids.  The  sulphate,  nitrate^  and  hydrochlorate  aro 
80  extremely  soluble,  even  in  alcohol,  that  they  cannot  be  made  to  ciystidlise.  The  base 
deliquesces  in  hydrochloric  acid  gas.  The  acid  solution  of  the  hydrochlorate  is  pre- 
cipitated  by  several  metallic  salts.  With  mercuric  chloride  it  forms  a  yellow  fioccu- 
lent crystalline  precipitate  of  the  chloromercurate,  2(C>*H>*N«.flCl)Hg''Cl*,  which  is 

*  The  more  soloble  and  the  tniolnble  bate  have  the  same  percentage  compoftltion  at  dtethylene* 
dlphpnyUdUmlne,  but  their  rational  formulae  hnve  not  been  determined.  It  is  probable,  however,  that 
theformerltethylene-phenylamine.  CbH'N  a  (C2Ht)"(C«H»)N,aod  tholatter  triethylenc. 

triphenyltriamlne,  Cmhs^N^  s  (C<H4)3(C«H»)SNS.    The  former  ii  probably  also  Identical  with 
Matanson's  Ttnyl-phenylamlne  (p.  454). 

f  The  same  method  s«>rves  for  the  puriAcatton  of  the  prodactf  obtained  by  the  actioa  Of  other  alde- 
hydes upon  aniline,  to  bo  dcvcribed  further  ou. 
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insolnblft  in  water,  bat  dissolves  in  alcohol  containing  hydrochloric  acid,  fbnning  tt 
solution  from  which  snlphydric  acid  throws  down  yeiy  finely  divided  merouric  solphide.* 
At  130^  it  turns  red,  begins  to  fase,  and  gives  off  a  large  quantity  of  hydrocnlorio 
acid,  leaving  the  compound  2C"H"N«.Hg''Cr«. 

The  chlon>platinate,  2(C"H»«NlHCl).Pt''Cl*,  is  a  yellowish-red  crystalline  precipitate- 
insoluble  in  water,  slightly  soluble  in  alcohoL 

IMetbyUdene-diplieiiylHllaiiilne.  C><H"N'  «  (C'fi«)«(C«H<')*N^— This  base 
remains  on  evaporating  the  alcoholic  solution  abovi  mentioned,  as  a  red  resinous  mass, 
and  may  be  obtained  by  repeated  solution  in  alcohol,  and  repeated  precipitation  firom 
acid  solution,  in  solid  but  not  in  crystalline  form.  It  may  also  be  prepared  by  the 
action  of  aniline  on  oxychloride  of  ethylidene  (ii.  699) : 

(C»&*)«C1*0    +    4C«ErN      «      (C*fr)*(C»H»)«N*     +     2(C»H»N.Ha)     +     H«0. 

It  differs  from  the  monoethylidenated  base  in  its  inferior  tendenc^«to  crystallise,  but 
resembles  it  very  closely  in  solubility  and  in  its  behaviour  with  acids.  Its  solution  in 
hydrochloric  acid  gives  with  platinic  chloride,  an  orange-coloured  crystalline  precipitate 
consisting  of  2(C>*H'"N'.HCl)Pt**Cl^  and  with  mercuric  chloride  a  yellowish  flocculent 
precipitate  of  the  awapound  2C'«H»«N».Hg"Cl«. 

Both  the  ethylidene  bases  unite  witJi  iodide  of  eihylj  fonxung  compounds  probably 
similar  in  constitution  to  the  ethylene-compounds  already  mentioned  (p.  456).  On  heat- 
ing 1  at^  of  the  diethylidene-base  with  2  at  ethylic  iodide,  a  consiaerable  portion  of 
the  latter  remains  unoombined,  but  the  resulting  oompound  does  not  crystaUise  well, 
and  has  not  been  analysed. 

3.  Phenyl-diamines  containing  other  Aldehyde-radides, 

BlalljrUdene-dlplienyt-dlaiiiliie.  C>'Hi"N*     [qI]^!]!  |  N*.— Produced  by  trcat- 

ing  aniline  with  acrolein.  The  action  is  very  violent  and  requires  to  be  moderated 
by  a  freezing  mixture.  The  pungent  odour  or  the  acrolein  is  instantly  destroyed,*  and 
the  product^  treated  by  the  methyl  of  purification  above  described  (p.  456),  yields  the 
diamine  in  the  form  of  a  yellow  inodorous  mass,  which  dries  up  to  a  varnish,  and  if  it 
still  retains  a  slight  excess  of  aniline,  assumes  a  fine  red  colour  when  dry.  It  is 
insoluble  in  water,  slightly  soluble  in  alcohoL  Its  salts  have  not  been  obtained  in  the 
crystalline  state.  The  hydrochloric  acid  solution  mixed  with  alcohol  yields  pulverulent 
precipitates  with  mercuric  and  platinic  chloride.  Theplatinum-ealtegje  by  analysis 
21-24  and  21-38  per  cent  pktinum,  the  fonnula  2(G»Hi«N*.H01)Pta\  requiring  21-2 
per  cent. 


u  C«H"^  -   |^,T|N«.-Producedbyth« 


IMamylldeiie-diplieiiyl-dlaiiiine.  CH"«N>  -   >q^s\4  [N".— Producedbythe 

action  of  valeraldehyde  on  aniline.  The  action  is  much  less  eneiqgetic  than  with  aoetio 
aldehyde;  nevertheless  it  is  attended  with  considerable  rise  of  temperature  and  im* 
mediate  separation  of  water.  The  product  purified  as  above  is  a  thidc  yellow  oil  having 
a  bitter  taste,  insoluble  in  water,  easily  soluble  in  alcohol  and  ether.  It  does  not  unite 
with  acids ;  the  alcoholic  solution  mixed  with  hydrochloric  add  and  platinic  chloride 
and  evaporated,  does  not  yield  any  platinum-salt  Heated  with  iodide  and  bromide  of 
ethylj  it  yields  compotmds  having  the  consistence  of  turpentine. 

Altogether  this  and  the  following  compounds  differ  considerably  in  their  properties 
from  the  ethyUdene-diamines,  occupying  indeed  an  intermediate  place  between  basie 
amines  and  acid  amides,  and  perhaps  approachine  mora  nearly  to  the  latter.  Never- 
theless their  relation  to  the  ethylidene  bases  and  their  capability  of  uniting  with  the 
iodides  of  ethyl  and  methyl,  make  it  more  convenient  to  regard  them  as  amines. 

SMbeiisylldeii0-41pbeiiyl-diamlne.    C^JI^N*  »  [^^!0  N*.— This  compound 

was  discovered  by  Laurent  and  Gerhardt  (Compt.  ehim.  1850,  p.  117),  who  called 
it  benzoylaniiide,  and  assigned  to  it  the  formula  C'^H^'N.  It  is  produced  by  the 
action  of  aniline  on  bitter  almond  oiL  The  two  bodies  act  upon  one  another  at  ordi- 
nary temperatures,  with  separation  of  water,  and  the  reaction  may  be  completed  by 
heating  the  mixture  to  100°  for  a  few  houn.  The  product  is  a  crystalline  mass  which 
may  be  purified  by  repeated  crystallisation  from  hot  alcohol  or  from  alcohol  and  ether. 
It  then  forms  cryBtalline  plates,  according  to  Laurent  and  Gerhardt ;  Schiff,  however, 
obtained  it  only  as  a  yellow  ciystalline  mass.     Laurent  and  Gerhardt  found  that  it 

•  A  rrsnirator  molitcned  with  r  •mnl]  qiiantitr  of  aDiline  affordi  a  very  good  protection  agalnit  ib% 
iDUDMly  iriluiiog  rapouri  of  acrolein.    (Sc  h  in.) 
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oonld  be  distilled  without  deoompoeition  and  was  thus  obtained  qtiite  colourless;  but 
according  to  Schiff  it  is  in  great  part  decomposed  by  distillation. 

Benzcin^  C'^H*K)%  heated  with  aniline  to  100^,  yields,  with  separation  of  water,  a 
product  which  appears  to  be  identical  with  that  obtained  with  bitter  almond  oil,  but 
crystallises  more  readily  from  ether.    (8  c h  i  f f.) 

Dibenzylidene-dipbenyl-diamine  is  tasteless  and  inodorous,  veiy  fusible,  insoluble  in 
ioater,  very  soluble  m  alcohol  and  in  ether.  It  dissolves  in  hot  strong  hydrochloric 
acid,  and  does  not  appear  to  be  decomposed  by  boiling  the  solution ;  but  is  separated 
in  its  oriffinal  state  on  addition  of  ammonia.  It  is  not  dissolved  by  acetic  acid.  By 
boiling  with  strong  nitric  or  sulphuric  acid,  it  is  resolved  into  bitter  almond  oil  and 
aniline.  Bromine  passed  into  the  alcoholic  solution  throws  down  ciystalltne  tribrom- 
aniline  (Laurent  and  Gerhard tV  It  does  not  form  a  chloroplatinate.  It  unites, 
but  slowly,  with  iodide  of  ethyl.  When  1  at.  of  the  diamine  and  2  at.  iodide  of  ethyl 
are  heated  together  for  two  days  in  a  sealed  tube,  a  considerable  portion  of  the  latter 
remains  undeeompMed.  According  to  Borodin e  (Ann.  Ch.  Pharm.  cxi.  264),  ben« 
soyl-anilide,  G"H"N,  unites  with  1  at.  ethylic  iodide,  and  the  compound  boiled  with 
potash  yields  an  alkaline  mass  which  decomposes  by  distillation,  yielding  a  strongly  al* 
kaline  liquid.  According  to  Schi£^  however,  the  alkaline  mass  thus  obtamed  is  nothing 
but  a  mixture  of  the  original  substance  with  aniline,  which  passes  over  on  distillation. 

The  diamine  when  exposed  to  the  air,  especially  if  moist,  assumes  a  blue-green 
colour,  and  is  ultimately  converted  into  a  coloured  amorphous  mass.  A  blue  colour  is 
also  produced  by  heating  its  alcoholic  solution  with  mtric  acid  or  with  mercuric  or 
platinic  chloride,  also  by  heating  it  in  sealed  tubes  with  ammonia.  As  the  diamine 
contains  the  radicles  phenyl  and  benzvlidene,  the  blue  substance  produced  in  these  re- 
actions is  probably  related  to  the  aniline  dyes  (see  Affbndix  to  FHBiffLAMiNBs). 

The  neutral  diamine  obtained  either  bv  the  action  of  bitter  almond  oil  or  of  benzoin 
upon  aniline,  undergoes  a  remarkable  change  when  kept  for  some  months  in  sealed 
tubes  at  ordinary  temperatures,  or  heated  for  about  ten  hours  to  180^  and  at  last  to 
200^.  It  is  then  converted  without  change  of  composition  into  a  basic  substance  capa- 
ble of  forming  salts  with  acids.  The  basic  modification  is  a  brown  glassy  substance 
much  more  soluble  in  alcohol  than  the  original  body,  less  crystallisable,  and  in  contact 
with  acids,  immediately  acquires  a  deep  red  colour.  Its  salts  are  sparingly  soluble  in 
water,  easily  in  alcohol.  The  hydrochlorate  gives  precipitates  with  mercuric  and  pla- 
tinic chloride.  The  platinum-salt  contains  17*6  per  cent,  platinum,  agreeing  with 
the  formuk  2(C'^«'N".HCl)PtCl*,  which  requires  17*6  per  cent 

This  basic  diamine  is  related  to  the  original  compound  in  the  same  manner  as 
the  ethylene-bases  to  the  ethylidene  bases  above  described,  or  as  amarine  to  hydro- 
benzamide;  it  ma^  thereforebe  called dibenzylene- or  ditolnylene-diphenyl- 
diamine.    (Schiff.) 

Bengylidene-diethyl'diphenyl-diamine.  jD«H"N«  -  (C'H«)''(C»H»)« 
(CH*)'!^. — ^Produced  by  the  action  of  bitter  almond  oil  on  ethyl-aniline,  generally  in 
the  form  of  a  resin,  which  may  be  obtained  in  solid  form  by  repeated  separation  £rom 
its  metallic  compounds.  It  is  insoluble  in  water,  sparingly  soluble  in  alcohol,  more 
soluble  in  ether.  It  does  not  form  definite  salts  with  acids,  but  its  solution  in  hydro- 
chlorio  acid  gives  a  white  precipitate  with  mercuric  chloride,  and  yellow  with 
platinic  chloride,  the  latter  containing  18*4  per  cent,  platinum,  while  the  formuU 
2(C»H»N«.HCl)Pta*  requires  18-6  per  cent. 

This  ethylated  4iaii^e  shows  a  still  sreater  tendency  than  the  dibenzylidene  com- 
pound to  form  a  blue  compound  by  oxidation.  The  somewhat  concentrated  alcoholic 
flolution  is  dark  red  by  transmitted  and  dark  blue  by  refiected  light. 

]Mb0P«SrUd«iie.dlplieiiylF41aiiiUie.    C^H^N*   »    ^^J^I^Hn* --Aniline  and 

oBuanthol  act  on  one  another  at  ordinary  temperatures,  producinga  rise  of  temperature 
of  40° — 60°.  The  product  purified  as  above  is  a  yellow,  bitter,  oily  liquid  which  may 
be  partially  distilled  without  decomposition.  It  is  not  basic,  not  even  forming  a 
chloroplatinate.  Nitric  acid  attacks  it  violently,  forming  a  brown  resin.  Sulphuric 
acid  quickly  decomposes  it,  especially  when  heated,  into  oenanthol  and  sulphate  of 
aniline.  It  unites  with  alcohohc  iodides.  When  heeited  for  some  hours  to  100^  in  a 
sealed  tube  with  excess  of  amylio  iodide^  it  yields  a  yellow  viscous  body  containing 
2-18  per  cent,  iodine,  the  formula  (^^"N'.OH^a  requiring  22-06  per  cent 

(CH")") 
Septylidene'diallyl-diphenyl'diamine.    C»H»W  =  (C»H»)«  >N«.— Pro- 

(C«H»)«  ) 
dnced  by  the  action  of  oenanthol  on  allylaniline : 

2    C»H»In       +   C'H"0     =    (C»H»)«J.N«  +  H»0. 
L    Hj    J  (C*H»)*i 
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It  is  a  yellow  oily  liquid  having  a  bitter  taste  and  a  very  strong  odour  of  geraniums. 
It  dissolree  in  strong  snlphnric  acid,  and  on  addition  of  water,  part  of  it  separates 
imaltered,  while  the  rest  is  decomposed,  yielding  conanthol.    It  has  no  basic  properties. 

(CH'^)*) 
Hevtylidene-diethyl'diphenyl'diamine.     C»H»*N«     -     (C*H»)«  In».— 

(C«H»)»  j 
Produced  by  the  action  of  mnanthol  on  ethylaniline.     It  is  a  yellow  oil  which  turns 
brown  when  heated,  and  distils,  with  some  decomposition,  between  215^  and  220^.    It 
does  not  umte,  either  with  acids  or  with  chlorides. 

Action  of  Aniline  on  CinnamiCj  Cuminic,  and  Salicylic  Aldehydes. — ^Aniline  acts  on 
cinnamic  and  cuminic  aldehydes  in  the  same  manner  as  on  those  above  mentioned, 
forming  diamines  which  have  no  basic  properties  and  do  not  combine  with  platinic 
chloride.  The  cinnamic  compound  is  resinous ;  the  cuminic  compound  is  a  thick  oil. 
The  resinous  residue  left  in  the  distillation  of  cumin-oil  is  not  affected  by  aniline. 

Aniline  likewise  unites  in  a  similar  numner  on  salicylic  aldehyde  (salicyloun  acid), 
as  observed  some  time  ago  by  Schischkoff  (Compt.  rend.  zlv.  272).  The  product 
isj^stalline,  and  consists  of  diphenyl-salicyl-diamide  or  salicylanilide^ 
C^EP'N'O",  a  compound  polymeric  with  phenyl-benzamide  C^fH^^NO.  Its  forma- 
tion is  represented  by  the  equation:  2C'H«0  +  2C«H'N  «    ^(i^?/!^  +  2H«0. 

4.  Formyl'Compound, 

(C«H*)«) 
Vormarl-dlplieiiyl-dlaailne.  C"H>*N*  »  (CHy''VN*.^Hofmann,Pioc.Boy. 

H    3 
Soc  ii.  229.)— -This  compound  is  formed  by  the  action  of  chlorofom  on  aniline: 

4C^'N     +     CHC1«      =      C"H>«N«.Ha     +     2(C«H'N.Ha). 

Chloroform  and  aniline  do  not  act  on  one  another  at  ordinary  temperatures,  and 
scarcely  at  the  heat  of  boiling  water ;  but  on  exposing  a  mixture  of  the  two  liquids  in 
sealed  tubes  to  180° — 190°  for  ten  or  twelve  hours,  a  hard  brown  ci^talline  mass  is 
obtainedj'consisting  chiefly  of  the  hydrochlorates  of  aniline  and  formyl-diphenyl-diamine. 
To  purify  the  latt^,  the  brown  crystalline  mixture  is  triturated  with  water  and  washed 
on  a  filter,  till  the  precipitate  obtained  by  adding  potash  to  the  wash-water,  which  is 
at  first  oily  and  consists  only  of  aniline,  gradually  exhibits  a  tendencr  to  solidify  and 
ultimately  fidls  as  a  yellowish-white  crystalline  substance.  The  residue  on  the  filter 
is  then  to  be  dissolved  in  warm  (not  boiling)  water ;  the  solution  is  filtered  from  a  brown 
resinous  substance,  and  precipitated  by  ammonia  or  potash ;  and  the  crystalline  precipi- 
tate thus  obtained  is  wawed  till  free  from  alkali,  and  repeatedly  ciystallised  from  weak 
spirit. 

Formyl-diphenyl-diamine  forms  a  white  crystalline  powder,  or  sometimes  minute 
scales^  generally  of  a  yellowish  tint,  arising  from  a  trace  of  a  yellow  substance  formed 
during  the  reaction,  which  adheres  to  it  with  great  tenacity.  It  is  insoluble  in  water, 
but  dissolves  re&djlj  in  alcohol  and  ether,  and  is  precipitated  from  hot  solutions  by 
water  as  a  yellow  oil  which  solidifies  to  a  white  crystalline  mass  on  cooling.  It  is 
easily  dissolved  by  acidSf  with  many  of  which  it  forms  crystalline  salts.  These  salts 
are  not  very  stable,  their  solutions,  especially  when  heated,  being  always  found  to 
contain  more  or  less  aniline.  With  potash  or  ammonia,  they  yield  a  precipitate  of  the 
base.    The  hydrochlorate  contains  C>'H*'''N*  HCl ;  the  chlor^^inate  2(C»H>'N*.HC1). 

pta*. 

5.  Azofhenyl'diamines, 

Aao-mpta^nyMlaniliie.  C'«H"N«  «  (C'*H^T  |n*  -     ir"     m  (Griess, 

Ann.  Ch.  Fharm.cxxl  257 ;  Jahresb.  1862,  p.  338 ;  FhiL  Trans.  1864,  [3],  678.)— This 
compound,  which  contains  the  elements  of  aniline  and  arophcnylamineVp.  431),  and  is 
accordingly  regarded  by  Gkriees  as  diazo-anddoben^enef  C*H^N*.C*U*(NH*),  is  produced: 
—1.  By  the  direct  action  of  aniline  on  salts  of  azophenylamine,  the  nitrate  for  example. 
— 2.  By  the  action  of  aqueous  aniline-salts  on  the  compound  of  azophenylamine  with 
hydrate  of  potassium :  e.g. 

C«H*N«.KHO  +  (>H»N.Ha     -     C>»H»N«  +  KCi  +  H»0. 
3.  By  the  action  of  nitrous  acid  on  an  alcoholic  solution  of  aniline : 

2C«H'N   +   NnO»     «     C'«H"N»  +   2HH). 
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To  prepare  it  by  tlie  last  mentioned  reaction,  nitrous  acid  gas  is  slowly  passed  inta 
a  cooled  solution  of  aniline  in  6  to  10  pts.  alcohol,  till  a  small  portion  of  the  solution 
leaves  on  evaporation  an  oily  residue,  which  solidifies  to  a  crystalline  resin,  or  till  this 
residue  begins  to  be  insoluble  in  dilate  acetic  acid.  The  brown-red  alkaline  solution 
contains,  together  with  azodiphenyl-diamine,  rariable  quantities  of  phenol,  benzene, 
nitrate  and  nitrite  of  aniline,  and  nitrate  of  azophenylamine  (p.  431),  formed  by  the 
further  action  of  the  nitrous  acid  on  the  azodipheuyl-dianune.  On  mixing  the  alcoholic 
solution  with  a  large  quantity  of  water,  the  diamine  separat-es  as  an  oily  mass  which 
afterwards  solidifies,  sometimes  in  yellow  crystals^  It  may  be  freed  from  the  mother- 
liquor  containing  the  other  substances  just  mentioned,  by  pressure  and  washing  with 
cold  water,  and  farther  purified  by  several  recrystallisations  from  hot  alcohol. 

Azodiphenyl-diamine  ciystallises  in  golden-yellow  shining  laminae,  or  less  frequently 
in  needles.  It  is  tasteless  and  inodorous,  insoluble  in  water,  sparingly  soluble  in  cold, 
more  soluble  in  hot  alcohol,  and  soluble  in  aU  proportions  in  ether.  It  melts  at  91° 
to  a  red-brown  oil,  which  solidifies  again  in  the  oystalline  state  at  50° ;  at  a  higher 
temperature  it  decomposes,  and  if  in  large  quantity,  explodes  violently  at  about  200*^. 
It  is  insoluble  in  the  weaker  acids,  and  is  easily  decomposed  by  strong  acids,  with 
evolution  of  nitrogen.  It  is  only  towards  platinic  chloride  and  nitrate  of  silver  that  it 
exhibits  any  bisic  character.  The  plaHnum-sali,  2(C>'H*iK>.HCl).PtCiy  separates 
on  mixing  the  alcoholic  solution  of  the  base  with  an  acid  solution  of  platinic  chloride, 
in  small  reddish  needles  or  prisms,  nearly  insoluble  in  alcohol,  ether,  and  water, 
easily  decomposible,  detonating  when  strongly  heated.  With  nitrate  of  ailixr  the 
diamine  forms  a  greenish-yellow  precipitate,  agreeing  approximately  with  the  formula 
C'«H"N«.NAgO». 

Azodiphenyl-diamine,  heated  with  strong  hydrochloric  acidf  under  a  layer  of  ether,  is 
resolved  into  phenol,  hydrochbrate  of  aniline,  and  free  nitrogen : 

C«H»N»  +  H«0  +  HCl     «     C«H«0  +  C'H'N.HCl  +  N*. 

With  bromine  in  ethereal  solution  it  forms  hydrobromate  of  azophenylamine,  which 
Separates  out,  and  tribromaniline^  which  remains  in*  the  mother^iqnor  and  afterwards 
crystallises  in  white  needles : 

C"H"N«  +  Br*     =     C«H*N«.HBr  +  C*H«Bi*N  +  2HBr. 

Bromopicrin  is  also  formed  as  a  secondary  product.  When  the  diamine,  dissolved  in  a 
mixture  of  alcohol  and  ether,  is  treated  with  nitric  acid  containing  nitrous  acid,  nitrate 
of  azophenylamine  is  formed,  and  separates  in  white  crystds : 

C«H"N«  +  NHO»  +  2NflO«     -     2(C*H«N«.NH0")  +  2HK). 

(C«H*Br)*) 
AeO'hromodiphenyl'diamine,  C"BPBr*N*  =        N*      VN*,  or  Bitmoanddo' 

H  j 
bromobenzene,  C*H"BrN'.OH*Br(NH'). — Produced  by  the  action  of  bromaniline 
on  nitrate  of  azophenylamine  (or  azobromophenylamine)  or  of  nitrous  acid  on  an 
alcoholic  solution  of  bromaniline,  and  purified  like  the  preceding.  It  exhibits  the 
same  properties  whether  prepared  from  a-  or  /3-bromaniline.  It  forms  yellowish-red 
highly  lustrous  lamime  and  needles,  very  soluble  in  ether,  alid  melting  at  145°.  In 
other  respects  it  resembles  azodiphenyldiamine.  The  platinumsaltf  C'*H*Br*NMI*C51'. 
I^C1\  forms  buff-coloured  capillary  crystals,  which  deflagrate  easily  and  are  nearly  in- 
soluble in  water  and  ether.  Nitrate  of  silver  added  to  the  alcoholic  solution  forms  a 
yellow  precipitate  of  the  salt  C»*H*Br*N».NAgO«.    (Gr i  e  s  s,  loc.  cit) 

(C«H«Br«)n 
Azo-dibromodiphenyl'diamine,  C**H'Br*N*    »         N**       >N*,  or  Diazo- 

H  ) 
amido-dibrojno-benzene,  C'H*Br*N*.C*H*Br*(NBP),  is  obtained  in  like  manner  by  the 
action  of  nitrous  acid  on  alcoholic  dibromaniline,  as  a  bulky  yellow  precipitate  consist- 
ing of  a  network  of  interlaced  microscopic  needles.  It  is  but  very  slightly  soluble,  and 
usually  crystallises  from  alcohol  or  ether  in  small  golden-yellow  needles,  melting  at 
167*5°,  sometimes  in  yellow-brown  granules,  or  yellow  or  ruby-red  well-developed 
prisms,  which  latter  however  are  converted  by  recrystallisation  into  the  golden-yellow 
needles.    (Griess,  loo.  cit.) 

(CfEI<Cl)«) 
Ago-chlorodiphenyl'diamine,Om*Cl*N*  «        N"'      ^N"    or  JHazoamido- 

H     y 

chlorobenzene,  C*H*C1N'.G*H*C1(NH*),  obtained  like  the  corresponding  bromine-com- 
pound, forms  yellow  needles  or  laminae  melting  at  124'5°. 

(C«H»a«)«) 
AzO'dichlorodipkenyldiamine,0'H^Ci*JP  =      'N"'       y^* ot  Dia^oamidO' 

H        i 


CY^NOPHENYL-DIAMINES.  461 

dichlarobenjpene,  C^*C1«N*  C^»a«(NH«).— Pioduced  by  the  action  of  nitrotis  acid  oa 
alcoholic  dichloraniliDA,  dystallises  in  light  sulphur-yellow,  capillary  needles,  melt- 
ing at  126*5°,  insoluble  in  water,  very  slightly  soluble  in  hot  alcohol  or  ether.  Like 
the  corresponding  bromine-compound,  it  does  not  forma  platinum-salt^  but  rather  behaves 
like  an  acid,  being  soluble  without  decomposition  in  caustic  potash.    (Griess,  loc,  cit.) 

[C«HXNO«)]«) 

Aso-nitrodiphen^l'diamine,  C'«H"N»0*  »  N"'  VN^orDto^oflmiefo- 

H  } 

nitrobenzene,  C«H»rNO*)N«.C«H*(NO«)(NH»).— Produced  by  the  action  of  nitrous  acid 
on  an  alcoholic  solution  of  a-  or  iS-nitraniUne,*  and  exhibits  corresponding  isomeric 
modifications.  The  a-compoimd  is  insoluble  in  water,  Yery  sparingly  soluble  in  alcohol 
and  ether,  and  crystallises  from  either  of  these  solvents  in  ruby-red  or  reddish-yellow 
prisms,  mostly  well-defined.    It  melts  at  195*5^. 

The  /3-compound  is  precipitated  as  a  yellow  a^stalline  mass  consisting  of  an 
aggregate  of  granular  or  moss-like  microscopic  crystals.  It  is  insoluble  in  water,  very 
sparingly  soluble  in  alcohol  or  ether,  melts  at  224*5°  to  a  reddish-brown  oil,  and 
detonates  at  a  higher  temperature.  It  is  almost  wholly  indifferent,  not  forming  a 
compound  even  with  chloride  of  platinum.  With  an  alcoholic  solution  of  sUver-nitrate, 
however,  it  forms  a  yellowish-green  amorphous  precipitate.    (Griess;^.  cit) 

.^xo-9lieByl-iiaplitliarl-dl«iiilne.    C>"H:i*N*     »      sf    '^-    (Griess,  PhiL 

C>»H») 
Trans.  1864,  [3],  679.) — ^This  compound  contains  the  elements  of  azophenylamine 
and  naphthylamine,  and  is  regarded  by  Griess  as  diaeohemene-amidimaphtJudeney 
C«H'N<.C*«H'(NH*).  It  is  obtained  as  a  nitrate  in  the  form  of  a  violet  crystalline 
precipitate  by  adding  an  aqueous  solution  of  nitrate  of  azophenylamine  to  an  alcoholic 
solution  of  naphthylamine : 

C«H<N«.NHO«     +     C"H*N      -      C"H'»N".KHO«. 

The  nitrate  purified  by  repeated  washings  with  cold  alcohol  and  recrystallisation  from 
hot  alcohol,  forms  well-defined  prisms  of  a  magnificent  grass-green  colour  by  transmitted, 
but  ruby-red  by  refiected  light.  It  is  almost  insoluble  in  water  and  ether,  but  dissolves 
freely  in  hot  alcohol  and  separates  almost  wholly  on  cooling. 

The  nitrate  decomposed  by  ammonia  or  potasn  ^elds  the  free  base,  which  crystallises 
in  very  brilliant  rubv-red  prisms,  easily  soluble  m  alcohol  and  ether,  forming^  yellow 
solutions  to  which  acids  impurt  a  beautifrd  violet  colour.  With  platinic  chloride  it  forma 
a  purple-blue  crystalline  precipitate,  and  with  nitrate  of  gUver,  a  yellow  precipitate 
composed  of  small  fine  needles. 

6.   Cyanophenyl'diaminee, 

There  are  two  derivatives  of  aniline  which  may  be  classed  under  this  head,  namely 
cyano-diphenyl-diamine,  or  melaniline,  produced  by  the  action  of  chloride  of 
cyanogen  on  aniline,  and  cy  an o-triphenyl -diamine,  by  the  action  of  tetrachloride 
of  carbon  on  aniline.  The  latter,  however,  is  more  probably  a  triamine,  and  will  be 
described  under  that  head  (p.  465). 

Cyane-dipbenyl-dlaiiiliie  or  IBe]aiilUae«  C»HmN*  -  G^'QyN.C^H'K  - 

CN    VN*,     might    also   be  represented   as   carbo-diphenyl-diamine^     C*^  VN*. 

H»     )  H»  ) 

(Hofmann,  Ann.  Ch.  Pharm.  Izvii.  129;  Izziv.  8  and  17.) — ^This  compound,  which 
contains  the  elements  of  1  at.  aniline  and  1  at^  cyanophenylamine  (cyanilide),  is 
produced  by  the  action  of  chloride  or  bromide  of  cyanoeen  on  anhydrous  aniline.  As 
cyanophenylamine  is  produced  by  the  action  of  chloride  of  cyanogen  on  aniline  dis- 
solved in  anhydrous  ether  (p.  442),  it  is  probable  that,  in  the  reaction  now  under 
consideration,  cyanophenylamine  is  also  produced  in  the  first  instance  and  immediately 
unites  with  a  molecule  of  free  aniline  forming  melaniline. 

Preparation. — ^When  gaseous  chloride  of  cyanogen  (obtained  by  the  action  of  chlorine 
on  moist  cyanide  of  mercury)  is  passed  into  aniline,  the  gas  is  absorbed,  with  great  rise 
of  temperature,  while  the  liquid  acquires  a  darker  colour  and  thickens  to  a  ciystamnemass. 
This  mass  is  to  be  heated  till  the  crystals  melt,  so  that  it  may  be  completely  saturated 
with  chloride  of  cyanogen ;  the  clear  brownish,  non-crystalline,  resinous  mass,  which  is 
produced  on  cooling  and  consists  of  hydrochlorate  of  melaniline  (together  with  a  brown  oil 
insoluble  in  hydrochloric  acid,  which  forms  in  greater  quantity  as  the  chloride  of  cyanogen 
is  more  humia,  and  not  at  all  if  the  gas  has  been  previously  passed  over  chloride  of  cal- 

*  See  foot*note,  p.  44&. 
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ciam),  18  duHolved  in  water,  the  solution  being  accelerated  by  addition  of  bTdrocblorie  acid 
and  boiling;  the  liquid  filtered  from  the  oil  is  precipitated  by  potash ;  and  the  white 
viscid  precipitate,  which  immediately  solidifies  in  the  crystalline  form  (only  after  some 
time,  however,  if  it  contains  nndecomposed  aniline),  is  washed  with  cold  water,  till  the 
whole  of  the  diloride  of  potassinm  is  removed,  and  pnrified  by  two  crystallisations  from 
a  mixture  of  equal  parts  of  alcohol  and  water,  which  yields  the  finest  crvstals. 

Properties. — ^Melanillne  forms  white,  hard,  easily  friable  laminae  and  broad  needles, 
which  float  on  water,  but  sink  in  the  fused  state,  and  between  120®  and  130®,  melt  into 
a  slightly  coloured  oil,  which  solidifies  in  a  crystalline  mass  on  cooling.  It  is  inodorous, 
but  has  a  bitter  persistent  taste ;  slightly  blues  reddened  litmus,  but  does  not  change 
the  colour  of  turmeric ;  it  acquires  a  red^sh  tint  when  exposed  to  the  air.  It  dissolves 
sparingly  in  cold,  more  easily  in  boiling  footer,  and  separates  in  small  scales  on  cooling. 
It  is  easily  soluble  in  aieoholf  ether,  toood-gpirit,  acetone,  sulphide  of  carbon,  and  ous 
both  fixed  and  volatile. 

Decompositions. — 1.  Melaniline  begins  to  decompose  between  150®  and  170®,  giving 
off  aniline  and  ammonia. — 2.  Chlorine-WAt&t  added  in  very  large  excess  to  hydro- 
chlorate  of  melaniline,  completely  precipitates  the  base  in  the  form  of  a  resinous  mass 
probably  consisting  of  trichloromelaniluie.  If  the  chlorine-water  be  gradually  added, 
till  the  turbidity  thereby  produced  no  lonffor  disappears  on  agitation,  the  liquid 
filtered  from  the  resinous  precipitate  contains  hydrochlorate  of  dichloromelaniUne. 
— 3.  When  bromine  is  added  to  aqueous  hydrochlorate  of  melaniline  in  the  manner 
just  described  with  reference  to  chlorine-water,  the  filtrate  deposits,  on  evapora- 
tion, needles  of  hydrochlorate  of  dibromomelaniline;  and  the  mother-liquor  mixed 
with  a  lareer  quantity  of  bromine  and  evaporated,  yields  transparent,  yellow,  oily 
drops  whiw  crystallise  on  cooling,  and  probably  consist  of  tribromomelaniline ; 
Bromine  acting  in  excess  on  hydrodilorate  of  melaniline  forms  a  resinous  substance 
still  richer  in  bromine. — 4.  Alcoholic  iodine  added  in  excess  to  hydrochlorate  of 
melaniline,  throws  down  nearly  the  whole  as  a  black  viscid  mass,  which  when  the 
quantity  of  iodine  is  less,  is  precipitated  in  smaller  amount^  while  nndecomposed 
melaniline  remains  in  solution. — 6.  Fuming  nitric  acid  suddenly  mixed  with  an  equal 
quantity  of  melaniline,  produces  great  heat,  rising  even  to  explosion,  attended  with 
^ight  fuming;  and,  when  gradually  added,  produces,  according  to  the  duration  of  the 
action,  orange-yellow  crystals  of  an  alkaloid  with  violet  iridescence,  and  lemon-yellow 
prisms  of  an  acid  which  forms  scarlet  salts  with  alkalis.  Moderately  strong  nitric  add 
added  in  great  excess  or  heated,  likewise  exerts  a  decomposing  action. — 6.  Cyanogen 
^of  passed  through  an  alcoholic  solution  of  melaniline,  is  abundantly  absorbed;  and 
the  liquid,  if  then  inclosed  in  a  bottle,  deposits  dicyanomelaniline,  the  odour  of  cyano- 
gen changing  at  the  same  time  into  that  of  hydrocyanic  acid,  while  the  brown  mother- 
liquor  contains  other  products  of  decomposition. 

Salts  of  Melaniline. — ^Melaniline  is  but  a  weak  base,  and  does  not  precipitate 
ferric  salts.  It  dissolves  in  acids  very  readily  and  with  slight  evolution  of  heat^  and 
neutralises  them  completely.  The  salts  are  colourless  or  slightly  coloured,  mostly 
erystallisable,  and  taste  very  bitter;  with  firwood,  chloride  of  ume  and  chromic  acid, 
they  do  not  exhibit  the  colouring  produced  bv  aniline-solutions.  They  are  precipitated 
by  ammonia  and  more  completely  by  potash  or  soda  (also  by  the  carbonates,  with 
evolution  of  carbonic  acid,  yielding  a  white,  quickly  crystallising  precipitate),  but  not 
by  aniline ;  neither  does  melaniline  precipitate  the  aniline-salta. 

Hydriodaie  of  Melaniline.  C"6"N*.HI. — Concentrated  hydriodic  acid  converts 
melaniline  into  an  oil,  which  sinks  to  the  bottom  and  gradually  solidifies  in  a  crystal- 
line mass.  It  decomposes  quickly  on  exposure  to  the  air,  with  liberation  of  iodine. 
From  a  solution  in  boiling  water,  it  separates  on  cooling  in  oily  drops  which  afterwards 
solidify.    It  dissolves  also  in  alcohol 

Hyarobromate  of  MelanUine.  C'ff'N'.HBr.— CJrystallises  from  water  in  stellate 
groups  of  needles  vcrv  soluble  in  water,  less  soluble  m  strong  hydrobromic  acid. 

Hydrochlorate. — Tne  aqueous  solution  does  not  yield  cirstals  by  spontaneous 
evaporation ;  when  dried  over  oil  of  vitriol  or  in  the  water-bath,  it  dries  up  to  a  clear, 
slightly  coloured  gum,  which  crystallises  very  slowly.  It  is  the  most  soluble  in  water 
of  all  the  salts  of  melaniline.  A  moderately  concentrated  solution  of  this  salt  mixed 
with  trichloride  of  gold  becomes  turbid  after  a  while,  and  deposits  fine  golden-yellow 
needles  of  the  chloroaurate,  C"H"N*.HCl.AuCl*.  With  a  concentrated  solution  of  the 
hydrochlorate  an  immediate  precipitate  is  formed.  The  chloroaurate  is  but  slightly 
soluble  in  water.  Platinic  cnloride  forms  with  hydrochlorate  of  melaniline  a  light 
yellow  slightly  crystalline  precipitate  of  the  chloroplatinate,  2(C"H"N".HCl).PtCl*,  and 
the  filtered  liquid  deposits,  after  some  time,  orange-coloured  crystals  having  the  same 
composition.  The  platinum-salt  dissolves  in  a  small  quantity  of  boiling  water ;  it  is 
less  soluble  in  alcohol,  insoluble  in  ether.    Mercuric  chloride  forms  in  solutions  of 
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ttiilme  a  irhite  precipitate  easily  soluble  in  hydrochloric  acid,  and  forming  a  Bolntion 
which  deposits  needles  by  spontaneous  eraporation. 

HydrojiuaU, — The  solution  of  mehmiline  in  weak  hydioflaoric  add  yields  well 
deyeloped  crystals,  having  a  faint  reddish  colour,  somewhat  soluble  in  water,  less 
soluble  in  alcohol. 

j^itraU  of  MelanUiru,  C>'H<'N*.NHO*.— Crystallises  on  cooling  from  the  hot 
aqueous  solution  so  completely,  that  the  mother-liquor  is  but  slightly  clouded  by  potash, 
and  not  by  ammonia.  The  needles  assume  a  faint  reddish  tint  by  exposure  to  the 
air,  but  are  otherwise  permanent  They  dissolye  also  in  hot  alcohol,  but  are  nearly 
insoluble  in  ether. 

Argento-nitraU  of  MelanUine,  2C**H''N*.NAgO',  is  precipitated  immediately  on 
mixing  the  alcoholic  solution  of  melaniline  with  aqueous  nitrate  of  silrer,  as  a  white 
mass,  which  quickly  agglutinates  to  a  resin,  and  must  be  purified  from  free  melaniline 
by  trituration  with  alcohol ;  from  a  dear  alcoholic  mixture  of  melaniline  and  nitrate  of 
silrer,  the  salt  separates  after  a  few  hours  in  hard  crystalline  geodes. 

Oxal<iU  ofMelanUine.  C"H"N".C*HK)*.— Melaniline  forms  crystals  with  excess  of 
oxalic  acid.  These  crystals  melt  when  heated,  give  off,  with  violent  ebullition,  equal 
Tolumes  of  carbonic  oxide  and  carbonic  anhydride,  smelling  strongly  of  anilocyanic 
acid,  yield  a  distillate  of  aniline  and  a  beautiful  crystalline  sublimate  of  diphenyl- 
carbamide,  and  leave  a  clear  visdd  mass,  which  on  cooling  solidifies  to  a  resin. 
The  salt  dissolres  sparingly  in  cold  water  or  alcohol,  readily  in  boiling  water  or  alcohol, 
but  is  nearly  insoluble  in  ether. 

The  phosphate  is  very  soluble  in  water  and  crystallises  but  slowly. 

The  9tdphate,  2C>'H'*N'.SHH)^  forms  stellate  groups  of  rhombic  plates,  sparin|[Iy 
soluble  in  cold,  freely  in  hot  water ;  soluble  ako  in  alcohol  and  ether.  Melaniline 
added  to  wlphaU  of  copper  throws  down  a  flocculent  double  salt. 

Dibbomohblanhjitb.  G*'H"Br'N*.  (Hofmann,  Ann.  Ch.  Fharm.  IxviL  148; 
Chem.  Soc.  Qu.  J.  i.  299.) — ^An  aqueous  solution  of  hydrochlorate  of  melaniline 
mixed  with  bromine  in  small  portions,  till  the  turbidity  besins  to  be  permanent^ 
yields,  when  filtered,  evaporated,  and  cooled,  stellate  groups  of  hydrobromate  of  dibro- 
momelaniline,  which,  when  dissolred  in  water,  form  with  ammonia  a  white  crystalline 
precipitate,  crystallising  from  hot  alcohol  in  whit«  scales.  The  base  tastes  very 
bitter  in  its  solutions.  When  heated  above  its  melting  point,  it  gives  off  pure  brom* 
aniline  in  the  form  of  a  colourless  distillate,  which  solidifies  in  a  yellowish  (oystalline 
mass,  leaving  a  resinous  mass  similar  to  the  residue  obtained  in  the  distillation  of 
mdaniline.    It  is  nearly  insoluble  in  water,  but  dissolves  in  alcohol  and  ether. 

Its  hydrochioratet  G'*H"Br*N'.HCl,  crystallises  in  white  silk^  needles  grouped  in 
stars.  These  crvstals,  when  immersed  in  a  small  quantity  of  boiling  water,  melt  into 
an  oil  which  solidifies  in  the  crystalline  form  on  cooling ;  they  dissolve  sparingl  v  in  water. 

The  hot  saturated  solution  of  the  hvdrochlorate  forms  with  platinie  chloride  an 
orange-yellow  precipitate,  which  on  cooling  crystallises  in  golden-ydlow  scales,  nearly 
insoluble  in  water,  sparingly  soluble  in  ether,  somewhat  more  in  alcohol,  and  containing 
2(C"H"Br»N».HCl).PtCK    (Hofmann.) 

DiCHLOBOMSLAKiLiNB.  C"H"C1*N'.  (Hofmauu,  ioe.  eit.) — ^When  chlorine- 
water  is  gradually  added  to  hydrochlorate  of  melaniline,  till  the  turbidity  no  longer 
disappears  on  asitation,  the  filtrate  when  evaporated  and  cooled,  yields  hydrochlorate 
of  dichloromelaniline  in  white  stellate  needles,  or  by  f^iither  evaporation,  as  a  yellowish 
oil  which  solidifies  in  the  crystalline  form.  From  the  solution  of  this  salt  in  water,  in 
which  it  is  but  sparingly  soluble  (whereas  it  dissolves  more  readily  in  alcohol  and 
still  more  in  ether),  ammonia  precipitates  the  base  in  snow-white  flakes,  which  separate 
from  the  alcoholic  solution  in  nara  crystalline  laminse. 

PloHnum-ealt,  2(C»»H"Cl«N».HCl).FtCl<.— The  hydrochlorate  mixed  with  tetra- 
chloride of  platinum,  yidds  an  orange-yellow  crystalline  powder  which  must  be  washed 
with  ether. 

The  resinous  mass  predpitated  by  mixing  hydrochlorate  of  melaniline  with  a  Terr 
large  excess  of  chlorine  water,  which  hardens  after  a  while  into  an  amorphous  solid, 
exhibits  a  neutral  reaction,  and  is  insoluble  in  water  but  soluble  in  alcohol,  is  probably 
trichloromelaniline,  C**N*C1«H»     (Hofmann.) 

DnnoDOKSLAinLnai.  C^H^'I^N*.  (Hofmann,  Ann.  Ch.  Pharm.lxvii.  152;  Chem. 
Soc.  Qu.  J.  i.  303.) — ^When  chloride  of  cyanogen  is  passed  through  an  ethereal  solution 
of  iodaniline,  a  crystalline  precipitate  of  hydrochlorate  of  iodaniline  is  first  formed,  but 
if  Uie  passage  of  the  gas  be  continued,  the  crystals  disappear  and  the  entire  mass  changes 
into  a  transparent  renn  of  hydrochlorate  of  diniodomdaniline,  which  slowly  becomes 
ciystalb'ne.  From  this  compound,  potash  throws  down  the  base  in  the  form  of  a  white 
body,  which  crystallises  indistinctly  from  alcohol. 

The  hydrocMorate  dissolves  sparingly  in  water  and  separates  from  the  boiling  solu- 
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tion  on  cooling  in  oily  drops,  which  veiy  slowly  change  into  white  OTStalline  stais. 
The  chloroplatinate  is  not  rerj  ciystalline. 

DiNiTBoiaxANiLiNB.  C^H^NK)*  «  (?«H"(NO«)*N».  (Hofmann,  Ann.  Ch, 
Pharm.  IxviL  156 ;  Chem.  Soe.  Qcl  J.  i.  305.) — This  basOi  like  other  nitro-detivatiyefl 
of  aniline,  is  susceptible  of  two  isomeric  modifications :  a.  produced  by  the  action  of 
chloride  of  cyanogen  on  a-nitraniline ;  /3.  by  the  action  of  fuming  nitric  acid  on  mel- 
aniline.  The  two  modifications  closely  resemble  one  another  in  physical  and  chemical 
properties ;  but  when  distilled  with  potash,  the  former  yields  a-,  the  latter  iS-nitraniline. 

PrepanUion  of  a-nitromelaniline. — Gaseous  chloride  of  cyanogen  is  passed  through 
a  solution  of  o-nitraniline  till  the  ether  is  nearly  evaporated ;  the  remaining  crystalline 
mixture  of  undeoomposed  nitraniline,  hydrochlorate  of  dinitromolaniline,  and  indifferent 
yellowish  needles,  is  heated,  with  gradual  addition  of  water,  till  the  mass,  which  at 
first  melts  into  a  brown  oil,  is  almost  entirely  dissolved ;  the  liquid  is  cooled  till  the 
yellowish  needles  separate ;  the  colourless  filtrate  containing  hydrochlorate  of  dinitro- 
melaniline  is  mixed  with  ammonia,  which  throws  down  the  dioitromelaniline,  as  a 
quickly  crystallising  sulphur-yellow  mass ;  and  this  precipitate  is  freed  from  nitaran- 
iline,  with  which  it  is  generally  mixed,  by  boiling  with  water. 

Properties. — Nitromelaniline  precipitated  by  ammonia  or  potash  foims  a  scaly  ays- 
talline  mass,  of  a  much  paler  yellow  colour  than  nitraniline ;  when  precipitated  from 
alcohol  by  water,  it  forms  a  golden-yellow  aystalline  mass,  and  short  flat  microscopic 
needles;  from  ether  by  spontaneous  evaporation  it  crystcdlises  in  larger  needles.  It  is 
insoluble  in  water  even  at  the  boiling  heat,  sparingly  soluble  in  alcohol^  still  less  in 
ether.  When  heated,  it  gives  off  a  yellow  vapour  which  condenses  in  brown  oily 
drops  chiefly  consisting  of  nitraniline,  and  gradually  crystaUisingp  and  leaves  a  brown 
resinous  mass. 

HydrochloraU  of  DinitromdahiUne,  C'«H"(N0*)«N».HC1,  crystallises  in  flat  shining 
needles,  sparingly  soluble  in  water.  The  chloroplaHnate,  2[C»H"(N0*)*N«.HCl]Pta\ 
is  a  yellow  crystalline  precipitate  which  is  sparingly  soluble  in  water  and  alcohol, 
insoluble  in  etiier,  and  bums  with  a  slight  defla^tion  when  heated.  The  nitrate 
is  sparingly  soluble.  The  oxalate  forms  easily  soluble  crystalline  grains.  The  tulphate 
£>rms  white  crusts  which  dissolve  easily  in  water. 

DioyanomalaniUiie.  Ci^H^^N*  =  C^H^N^Cy^  (Hofmann,  Ann.  Ch.  Pharm. 
Ixxvii.  100 ;  Ixxiv.  1). — ^A  saturated  solution  of  melaniline  in  cold  alcohol  absorbs  a 
large  quantity  of  cyanogen,  and  if  the  liquid  be  then  left  to  itself  in  a  dosed  vessel  for 
some  hours,  solidifies  to  a  crystalline  pulp  which  may  be  purified  by  washing  with 
alcohol  and  reciyt>tallisation  from  boiling  alcohol. 

The  product  is  dicyanomelaniline ;  it  forms  yellowish  needles  not  volatile  without 
decomposition ;  when  heated  it  gives  off  aniline  and  cyanide  of  ammonium,  and  leaves 
a  resinous  residue  which  chars  at  higher  temperature. 

Dicyanomelaniline  dissolves  in  cold  dilute  acids,  and  if  potash  or  ammonia  be  im- 
mediately added  to  the  solution,  the  dicyanomelaniline  separates  out  unaltered ;  but  it 
decomposes  by  prolonged  contact  with  acids,  so  that  it  does  not  easily  yield  salts.  Its 
solution  in  hydrochloric  acid  becomes  turbid  in  a  few  minutes,  and  deposits  a  yellowish 
confusedly  crystalline  mass  of  melanoximide  (p.  286)  the  mother-liquor  retaining  sai- 
ammoniac  in  solution : 

C'»H»»N*  +  2H«0     =     C»H'>N«0«  +  2NH«. 
Dicjr«nomel-  MolaDOZlinide. 

aniline. 

C.  Flieiiyltrlamlnes. 

These  are  bases  derivable  from  a  triple  molecule  of  ammonia,  HW",  by  the  substita- 
tion  of  one  or  more  atoms  of  phenyl  for  an  equal  number  of  hydrogen-atoms,  and  of  a 
polyatomic  radicle  for  a  number  of  hydrogen-atoms  corresponding  to  its  atomicity.  At 
present,  however,  there  is  but  a  small  number  of  compounds  known  which  can  be 
referred  to  this  class. 


1 


.  Carboiriphenyl'triamne,C'»K'^*  -  (C«H»)«>N».    (Hofmann,  Proc.  Boy.  Soc. 

ix  284.)— This  base  is  produced  by  the  action  of  tetrachloride  of  carbon  on  aniline : 

•    S(C*H».H».N)    +  CCl*     -     (C«H»)«^N»  +  4HC1. 

H'  I 

It  might  also  be  formulated  aa  cyano-triphenyl-diamine  (C^U^yVjH*;  but  its  tnade  of 

H«    ) 
formation  shows  it  rather  to  be  a  triamine. 
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Pr^^aroHon. — ^ABiline  and  tetrachloride  of  carbon  do  not  act  upon  one  another  at 
ordinary  temperatures,  and  but  very  slowly  at  100°;  but  when  a  mixture  of  3  J  pts. 
aniline  and  1  pt.  of  the  tetrachloride,  both  in  the  anhydrous  state,  is  heated  to  170^ 
in  sealed  tubes  for  about  thirty  hours,  the  liquid  is  converted  into  a  black  mass  which 
adheres  firmly  to  the  sides  of  the  tubes  and  is  a  mixture  of  several  bodies.  Water 
dissolves  a  portion  of  it,  leaving  a  more  or  less  solid  resin,  and  the  aqueous  solution 
yields,  on  addition  of  potash,  an  oily  precipitate  containing  a  considerable  portion  of 
unchanged  aniline.  On  boiling  this  precipitate  with  dSute  potash  in  a  retort,  the 
aniline  distils  over,  while  a  viscid  mass  remains  behind  which  gradually  solidifies  with 
a  crystalline  structure.  Washing  with  cold  alcohol  and  two  or  three  crystallisations 
from  boiling  alcohol  render  this  body  perfectly  white  and  pure,  while  a  very  soluble 
substance  of  a  splendid  crimson  colour  remains  in  solution.  The  portion  of  the  black 
mass  which  is  insoluble  in  water  dissolves  almost  entirely  in  dilute  hydrochloric  acid, 
from  which  solution  it  is .  precipitated  by  alkalis,  as  an  amorphous  pink  or  dingy- 
coloured  precipitate  soluble  with  rich  crimson  colour  in  alcohol.  The  greater  part  of 
this  body  consists  of  the  same  colouring  principle  that  accompanies  the  white  cxystal- 
line  substance.  Considerable  quantities  of  this  crystalline  body  are  also  occasionally 
present  in  the  product  insoluble  in  water. 

The  crystalline  substance  is  carbotriphenyl-triamine.  It  is  insoluble  in 
water,  dimcultly  soluble  in  alcohol,  soluble  in  ether.  From  the  hot  alcoholic  solution 
it  crystallises  slowly  on  cooling  in  elongated  four^sided  plates  often  grouped  round  a 
common  centre.  It  dissolves  nreely  in  acids,  from  which  it  is  thrown  down  by  alkalis 
as  a  dazzling  white  precipitate.  The  hydrochloraUy  C**H"N*.HC1,  and  the  chloro- 
platinate,  2(C»*H"N«.HCl)!PtCl*,  are  extremely  soluble  in  excess  of  hydrochloric  acid. 


•H*)HN», 


2.  Melaniline,  C*'H"N',  may  be  regarded  as  carbo-diphenyl'triamine  (C*H' 

but  the  mode  of  formation  renders  it  more  probable  that  this  body  really  consists  of 

CN     y 
cyano-diphenyl-diamine,  C*H*)*>N*  (see  p.  461). 

8.  Rosaniline,  C^H'^N',  and  some  of  the  colouring  matters  derived  from  it  are 
probably  also  triamines ;  but  their  rational  formuLs  still  remain  to  be  determined. 

Appendix  to  Phcnylamines, 

AwtHno-dy. 

The  colorific  tendencies  of  aniline  have  Ions  been  known.  The  violet-blue  reaction 
with  chloride  of  lime,  which  is  the  ordinary  hu)oratory  test  for  aniline,  was  discovered 
by  Bun ge  in  1835.  Some  ^ears  afterwards,  Fritzsche  showed  that  aniline  treated 
with  aqueous  chromic  acid  yields  a  blackish-blue  precipitate.  Beissenhirtz  in  1853 
noticed  the  blue  colour  resulting  from  admixture  of  aniline  with  strong  sulphuric  acid 
and  acid  chromate  of  potassium ;  and  the  substance  producing  this  blue  coloration  was 
isolated  in  1856  by  Mr.  W.  H.  Perkin,  who  showed  that  it  is  a  colouring  matter 
capable  of  being  fixed  upon  fabrics,  and  thus  laid  the  foundation  of  the  vast  industry 
of  aniline  colours.  Soon  afterwards  reds  of  various  shades  were  obtained  on  the  manu- 
facturing scale  by  heating  aniline  with  tetrachloride  of  tin,  arsenic  acid  and  various 
metallic  salts,  and  a  great  number  of  other  dyes,  vellow,  green,  blue,  violet,  &c.,  have 
been  obtained  either  by  treating  aniline-red  with  various  reagents,  or  as  secondary 
products  in  its  preparation.    A  few  have  also  been  obtained  by  other  processes. 

Anlllae-blaok*  Blacks  of  great  intensity  are  produced  on  calico  by  printing  with  a 
mixture  of  aniline,  chlorate  of  potassium  and  a  metallic  salt  In  1863  'SLi.  Li  g  h  t  f  o  o  t  of 
Accrington  patented  in  France  a  method  of  producing  aniline-black  by  printing  with 
a  mixture  of  25  grms.  chlorate  of  potassium,  50  grms.  aniline,  50  grms.  hydrochloric 
acid,  50  grms.  cupric  chloride,  25  grms.  sal-ammoniac,  12  grms.  acetic  add,  and  1 
litre  of  starch-paste,  then  exposing  the  cloth  to  the  air  for  two  days,  and  fixing  the 
colour  with  an  alkali.  The  black  thus  produced  is  very  good  and  durable,  but  the 
process  tyis  not  been  much  used,  because  the  large  quantity  of  copper  in  the  mixture 
IS  found  to  corrode  the  steel  scrapers  or  "  doctors  "  of  the  printing  machine,  and  more- 
over the  large  quantity  of  acid  in  the  aniline-salt  and  in  the  copper-salt,  causes  a  rapid 
destruction  of  the  vegetable  fibre. 

Several  methods  of  obviatins  these  defects  have  been  proposed;  the  best  ai)poars  to 
be  that  of  Lauth,  which  consists  in  replacing  the  soluble  copper-salt  by  an  insoluble 
compound,  the  sulphide  for  example.  This  compound,  when  printed  together  with  the 
chlorate  of  potassium  and  hydrochlorate  of  aniline,  is  gradually  oxidised  by  the  action  of 
the  hypochiorous  acid  or  of  chlorine  (set  free  by  the  mutual  action  of  the  salts  just 

Vol.  IV.  H  H 


466  PHENYLAMINES ; 

mentioned)  and  converted  into  sulphate,  so  that  a  mixture  is  formed  similar  to  tbat 
uaed  in  Lightfoot's  process.  As  howe^nr  there  is  no  ezceas  of  soluble  copper  salt,  or  of 
acid  present,  no  corrosion  of  the  scrapers  or  rollers,  or  destruction  of  the  vegetable 
fibre  need  be  feared. 

Aniline-black  thus  produced  has  a  very  deep  colour  and  rich  Telvetj  aspect.  It  is 
said  to  be  very  fast,  quite  insoluble  in  water,  boiling  soap-ley,  alkalis  and  acids.  The 
latter  turn  it  green,  but  alkalis  restore  the  original  tint.  Add  chromate  of  potassium 
deepens  the  colour;  but  a  strong  solution  makes  it  slightly  rusty.  It  is  destroyed  by 
a  strong  solution  of  chloride  of  lime,  but  reappears  after  some  time  with  its  origin^ 
depth.  The  colour  is  capable  of  withstanding  all  the  processes  employed  for  the  pro- 
duction of  rose  and  red  madder  colours.    (BidL  Soc  Cnim.  [2]  ii.  416.) 

ABlUne-bliM.  Blue  colouring  matters  are  produced  from  aniline  under  the 
influence  of  yarious  reagents,  as  by  chlorate  of  potassium  and  hydrochloric  acid, 
chlorous  acid,  peroxide  of  hydrogen  (La nth),  ferric  chloride,  ferricyanide  of  potas- 
sium (£.  Kopp,  Examen  dea  MaiUm  colorantes  arti/icuUrs,  p.  68),  hydrochloric  add 
and  peroxide  of  manganese,  ferric  nitrate  and  hydrochloric  acid  (Scheurer-Eestner, 
ibid.  p.  66).  Products  of  this  kind  have  been  more  espedally  studied  by  Calverti 
Lowe,  and  Clift,  who  have  described  them  under  the  name  of  az urine. 

A  much  finer  and  more  permanent  blue,  aow  designated  especially  as  aniline-blue, 
is  obtained  by  heating  a  salt  of  rosauiline  (aniline-red)  with  excess  of  aniline.  This 
colouring  matter  has  the  composition  of  triphenyl-rosaniline,  C''H"(C*H*)*N',  und  will 
be  described  as  a  derivative  of  rosauiline  (p.  472). 

AnlUne-browii.  A  brown  aniline  dye,  patented  by  G.  De  Lai  re  TLondon 
Journal  of  Arts,  Dec  1863),  is  obtained  by  heating  1  pt  of  Aised  aniline-blue  with 
4  pts.  of  anhydrous  hydrochlornte  of  aniline  to  240^  for  several  hours.  It  is  soluble 
in  water,  alcohol  and  acids,  and  is  precipitated  from  the  aqueous  solution  by  salts. 

The  same  dye  is  obtained  by  treating  arsenate  tff  aniline  with  the  hydrochlorate 
(London  Journal  of  Arts,  Dec.  1863;  Bull.  Soc  Chim.  [2]  iL  240). 

AnlHne-green  or  Bmeimldiae.  Almost  all  the  blue  substances  produced  from 
aniline  by  the  action  of  hvpochlorous  add,  and  the  other  reaoeuts  above  mentioned, 
become  green  when  treated  with  acids,  and  blue  again  under  the  influence  of  alkalis. 
A  very  fine  bright  green  is  produced  on  cotton  by  printing  with  add  hydrochlorate  of 
aniline  on  fabrics  prepared  with  chlorate  of  potassium.  This  is  called  emeraldine. 
By  subsequently  passmg  the  doth  through  a  solution  of  acid  chromate  of  potassium,  the 
colour  is  changed  to  the  deep  indigo-blue  called  aaurine.    (Calvert) 

Jknlline-inirpleor  Xanwet  also  called  Anileine^IndiMne,  Phtnameine,  FioHnr^  Roto- 
liru,  T(/r<dine,  This  is  the  dye  discovered  by  P  e  r  k  i  n  and  patented  by  him  in  1 856  ( No. 
1984,  Aug.  26).  To  prepare  it,  a  cold  dilute  solution  of  the  sulphate  (or  any  other 
salt)  of  commercial  aniline  is  mixed  with  a  solution,  also  cold  and  dilute,  of  acid  chro- 
mate of  potassium  (bichromate  of  pdtash),  the  mixture  being  well  stirred  and  left  to 
itself  for  ten  or  twelve  hours.  A  black  precipitate  is  then  p^nluced  which  is  collected 
on  a  filter,  washed  with  cold  water,  dried,  and  digested  with  light  coal-tar  oil,  which 
dissolves  out  a  black  tarry  substance.  The  residue  is  again  dried  and  digested  with 
alcohol,  wood-spirit,  or  any  other  liquid  capable  of  dissolving  the  colouring  matter ; 
and  the  dear  solution  is  separated  by  filtration  or  decantatiou,  and  distilled  to  recover 
the  alcohol  or  wood-spirit.    The  residue  then  remaining  is  aniline-purple. 

On  the  large  scale  this  process  has  been  variously  modified  by  difierent  manu- 
&cturer8.  Some  complete  the  operation  of  mixing  in  a  few  minutes ;  others  prolong  it 
even  to  thirty-six  hours.  Many  again  find  it  convenient  to  employ  tlie  solution  rather 
warm  and  concentrated,  the  temperature  and  degree  of  concentration  depending  also 
on  the  quantities  employed*  Hydrochlorate  of  aniline,  obtained  by  dissolving  aniline 
in  commercial  hydrochloric  acid,  is  also  frequently  used.  The  sulphate  is  employed  in 
a  state  of  paste,  as  produced  by  treating  aniline  with  oil  of  vitriol  diluted  with  a  very 
little  water.  The  following  proportions  are  recommended  byScheurer-Kestner: 
one  kilogramme  of  aniline,  a  concentrated  solution  of  from  800  to  1200  grammes  of 
dichromate  of  potassium,  and  500  {grammes  of  sulphuric  acid  of  sp.  gr.  1-84  (60°  Bm.). 
The  purification  also  is  ofteu  differently  conducted,  more  especially  with  th«  view  of 
avoiding  the  use  of  expensive  solvents.  The  black  precipitate,  after  washing  with  cold 
water,  is  exhausted  by  prolonged  ebullition  with  large  quantities  of  water  (sometimes 
acidulated  with  from  1  to  2  per  cent  of  acetic  acid),  whereby  the  colouring  matter  is 
dissolved.  The  filtered  solutions  are  concentrated  as  much  as  possible,  and  while 
boiling  are  precipitated  by  caustic  soda;  the  precipitate  is  washed  on  a  filter  with  an 
alkaline  solution,  to  remove  the  excess  of  potassic  chromate  together  with  a  reddish 
colouring  matter  which  affects  the  brilliancy  of  the  purple,  then  treated  with  cold 
water  tiS  the  alkali  is  removed  and  the  washings  have  become  coloured ;  and  the  pre- 
cipitate is  alluwed  to  drain,  whereby  the  aniUne-purple  is  obtained  in  the  form  of 
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poste.  Very  often  the  extraction  by  boiling  water  and  precipitation  by  caustic  soda 
are  repeated  in  order  to  obtain  the  ooloor  in  a  pure  state.  The  solution  of  the  paste 
in  alcohol,  wood-spirit  or  methylated  spirit  yielos  on  evaporation  a  residue  of  a  resinous 
appearance,  exhibiting  a  peculiar  metallic  lustre,  recalling  at  once  Uiat  of  gold  and  that 
d  copper.  It  is  soluble  in  water,  more  soluble  in  acetic  acid,  and  the  alcohols,  and 
possesses  extraordinaty  tinctorial  powers. 

Aniline-purple  may  also  be  obtained  b^  the  following  processes :  a.  Oxidation  of  a 
cold  dilute  solution  of  hydrochlorate  of  aniline  by  a  dilute  solution  of  chloride  of  lime 
(Bolley,  Be  ale  and  Kir  kh  am).  The  aniline  is  thereby  converted  into  a  black  pitch- 
like mass,  the  weight  of  which  is  not  more  than  one-tenth  of  the  quantity  of  anOine 
employed.  This  mass  contains  (a)  aniline-purple ;  (b)  a  brown  colouring  matter  sol- 
uble in  alkaline  liquids,  and  (c)  a  resinous  substance  soluble  in  alcohol,  ether  and  sul- 
phide of  carbon.  The  aniline-purple  is  extracted  by  water ;  it  is  more  difficult  of 
purification  than  the  compound  prepared  by  Perkin*s  method.  The  chloride  of  lime 
process  is  more  economical,  but  the  colour  of  the  product  is  less  beautiful  and  of  a  red- 
der tint  than  the  preceding. — $.  Oxidation  of  a  salt  of  aniline  in  aqueous  solution  by 
peroxide  of  manganese,  or  by  peroxide  of  lead  (^B.  S.  Pr  i  ce)  under  the  influence  of  an 
acid. — y.  Oxidation  of  an  aniline  salt  by  a  solution  of  potassic  permanganate  (Greville 
Williams),  or  of  ferricyanide  of  potassium  (K.  Smith).--8.  Oxidation  of  a  salt  of 
aniline  in  aqueous  solution  by  free  chlorine  or  free  hypochlorous  acid  (B.  Smith),  or 
by  the  double  diloride  of  copper  and  sodium  (Dale  and  Car  o).*  Of  all  these  processes 
those  only  have  attained  industrial  importance  in  which  chromate  of  potassium,  chlo- 
rate of  potassium,  chloride  of  lime,  and  chloride  of  copper  are  employed. 

Aniline-puiple  prepared  by  Perkin's  process  is  the  sulphate  of  a  base  called  Mau- 
veine,  having  the  composition  G''H*'N*  (Perkin,  Ann.  Ch.  Phann.  cxxxii.  201). 
On  adding  caustic  potash  to  a  solution  of  the  commercial  ciystallised  product,  the 
colour  chiuiges  immediately  fiom  purple  to  blaish-violet,  and  on  standing,  the  mauveme 
separates  as  a  crystalline  body  which,  after  washing  with  alcohol  and  then  with  water, 
appears  as  a  nearly  black  ^stening  substance  not  unlike  specular  iron  ore.  It  dis- 
solves in  alcohol,  forming  a  violet  solution,  which  on  addition  of  acids  immediately 
assumes  a  purple  colour.  It  is  insoluble  or  nearly  so  in  ether  and  in  benzene.  It  is  a 
very  stable  compound  and  decomposes  ammonium-salts  with  facility.  When  strongly 
heated,  it  decomposes,  giving  off  a  basic  oil,  which  does  not  appear  to  be  aniline. 

Aeetale  of  Mauveine  is  obtained  by  dissolving  the  base  in  boiling  alcohol  and  acetic 
acid ;  it  crystallises  as  the  liquid  cools,  and  may  be  purified  by  recr)-stallising  it  once 
or  twice.    It  is  a  beautiful  compound  having  a  green  metallic  lustre. 

Carbonate  of  Mauveiru,  C"H.**N*.H*CO'. — Solutions  of  mauveine  quickly  absorb  car- 
bonic acid  from  the  air,  the  colour  changing  from  violet  to  purple.  To  prepare  the 
carbonate,  carbonic  acid  gas  is  passed  through  boiling  alcohol  containing  mauveine 
in  suspension ;  on  leaving  the  liquid  to  itseli^  the  carbonate  separates  in  prisms  having 
a  green  metallic  reflex.  On  boiling  its  solution,  part  of  the  carbonic  acid  escapes,  the 
liquid  at  the  same  time  assuming  the  violet  colour  of  the  free  base.  In  the  diy  state 
the  salt  decomposes  very  quickly,  and  at  100^  it  gives  off  the  whole  of  its  carbonic 
acid  and  acquires  a  dark  oUve-brown  colour.  By  analysis  it  was  found  to  contain  8*8 
per  cent.  CO',  which  is  intermediate  between  the  composition  of  a  neutral  carbonate 
2C»'H««N*.H'C0»,  requiring  6-1  percent.,  and  that  of  an  acid  carbonate  C»'H"N*.HH)0», 
requiring  9*1  per  cent.  CO  .  , 

HydriodaU  ofMauvcine^  C^^N*.HI,  crystallises  in  prisms  having  a  green  metallic 
lustre ;  less  soluble  than  ihe  following  salt  In  preparing  it  from  the  free  base  it  is 
necessary  to  use  colourless  hydriodic  acid,  as  free  iodine  would  decompose  it. 

Hydrobromate  of  Mauveine^  C-'^**N*.HBr. — Prepared  like  the  hydrochlorate,  which 
it  resembles,  excepting  that  it  is  less  soluble. 

Hydrochlorate  of  Mauveine,  C'^H"N^HC1,  is  obtained  by  direct  combination  of  the  acid 
and  base,  and  separates  from  an  alcoholic  solution  prepared  at  the  boiling  heat  in  small 
prisms,  often  grouped  in  tufls  and  ha  vi  ng  a  strong  green  metallic  lustre.  It  is  moderately 
soluble  in  alcohol,  less  soluble  in  water,  and  nearlyinsoluble  in  ether.  The  chloro-aurate, 
C"H"N^HCl.AuCl',  prepared  by  mixing  the  alcoholic  solutions  of  the  hydrochlorate 
and  auric  chloride,  separates  as  a  czystelline  precipitate  which  is  much  less  lustrous 
than  the  platinum-saU,  and  appears  to  lose  a  portion  of  its  gold  when  recirstallised. 

The  chlorophtinate,  2(C"U'«N\HCl).PtCl«,  prepared  like  the  gold-salt,  separates 
from  cold  solutions  as  a  green  crystalline  powder ;  from  moderately  warm  solutions  in 
rather  large  crystals.  It  possesses  the  ^een  lustre  of  the  hydrochlorate,  but  when  dry 
has  more  of  a  gold  colour.    It  is  veiy  slightly  soluble  in  alcohoL 

Sulphate  qf  Mauveine,  2C*'H**N^SH*0^— This  salt  is  the  original  aniline-puiple 
obtained  by  treating  aniline  with  acid  chromate  of  potassium  and  sulphuric  acid. 

•  For  the  dates  of  the  Specificatioiif  of  these  and  other  patented  processes  for  the  preparation  of 
aniline  colours  see  Hqfmann*i  Bej  ort, 

U  H  2 
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Beepecting  the  methods  of  dyeing  with  aniline-purple,  see  Dteino  (ii.  357) ;  also^ 
HofmanWa  St^rt,  p.  124. 

Aniline  Bed  or  RoaaniUne  i  also  called  Boscine,  Fuchsine,  Ataleine,  Magenta^ 
Solferinot  &c — It  has  been  known  for  some  years  that  aniline,  when  subjected  to  the 
action  uf  yarions  reagents,  is  capable  of  yielding  products  of  a  deep  red  colour. 
The  production  of  this  red  colour  by  the  action  of  strong  nitric  acid  on  aniline  was 
observed  by  H  of  man  n  in  1843,  and  about  the  same  time  by  Zinin.  Hofmann 
also  found  that  a  dark  red  liquid  is  produced  on  mixing  sulphate  of  aniline  with  ferric 
sulphate;  and  Natansonin  1856  observed  a  red  substance  among  the  products  of  the 
action  of  Dutch  liquid  upon  aniline.  But  it  was  only  in  1858  that  the  formation  of  a 
crimson  colouring  principle  and  some  of  its  characteristic  properties  were  first  defi- 
nitely pointed  out  by  Hofmann,  who,  in  studying  the  action  of  tetrachloride  of  carbon 
upon  aniline,  observed  and  described  the  formation  of  a  basic  substance  which,  when 
dissolved  in  alcohol,  imparts  to  this  liquid  a  magnificent  crimson  colour  (see  p.  465).*^ 
Since  that  time  aniline-reds  have  been  produced  by  treating  aniline  with  a  great 
variety  of  reagents,  the  most  important  of  which  are  tetrachloride  of  tin,  arsenic  acid, 
nitric  acid,  mercuric  nitrate  and  ferric  chloride.  Patents  have  also  been  taken  out  for 
the  preparation  of  these  colours  by  the  ebullition  of  aniline  with  stannous,  mercurous 
and  mercuric  sulphates;  with  ferric,  uranic,  aigentic  and  plumbic  nitrates;  with 
stannic  and  mercuric  bromides ;  with  iodine,  stannic  iodide  and  iodoform ;  with  mercuric 
chlorate,  bromate  and  iodate ;  and  with  pentachloride  of  antimony ;  also  by  the  action  of 
antimonic  oxide,  peroxide  of  bismuth,  stannic,  ferric,  mercuric  and  cupric  oxides  on  hy- 
drochlorate  or  sulphate  of  aniline  at  the  temperature  of  180°.  The  greater  number  of 
these  processes,  however,  are  of  but  little  value ;  we  proceed  to  describe  those  which 
are  actually  practised  on  the  manufacturing  scale. 

1.  Preparation  of  Aniline-red  by  Tttrachloride  of  Tin. — This  process,  discovered 
by  Messrs.  Verguin  and  Benard,  of  Lyons,  was  the  first  by  which  aniline-red 
was  prepared  for  industrial  use.  A  mixture  of  10  pts.  aniline  and  6  to  7  pts. 
tetrachloride  of  tin,  either  anhydrous  or  hydrated,  is  heated  to  ebullition  for  fifteen  or 
twenty  minutes,  the  liquid  becoming  at  first  yellow,  then  red,  and  being  ultimately 
converted  into  a  nearly  black  mass.  The  mixture  is  left  to  cool  and  then  treated  with 
a  large  quantity  of  boiling  water,  which  acquires  a  magnificent  red  colour,  and  without 
any  further  preparation,  forms  a  splendid  dye-bath  for  silk  and  wool.  It  is  found  better, 
however,  to  precipitate  the  colouring  matter  by  partially  saturating  the  concentrated 
liquid  with  carbonate  of  sodium,  and  adding  common  salt.  The  aniline-red  is  then  pre- 
cipitated in  the  solid  state,  and  has  only  to  be  dissolved  in  water,  alcohol,  or  acetic  acid 
to  prepare  a  dye-bath  for  imbuing  silk  and  wool  with  the  most  beautiful  roseate  tinta 

Anhydrous  mercuric,  ferric  or  cupric  chloride  may  be  used  in  the  preparation  instead 
of  the  stannic  chloride. 

2.  Preparation  of  Aniline-red  with  Arsenic  Acid, — ThiB  process,  which  is  one  of  the 
best,  was  discovered  byMedlock.  It  consists  in  combining  arsenic  acid  with  a  slight 
excess  of  aniline,  and  heating  the^rystalline  mass  over  aslowfiretoabout  120 — 140^,  care 
being  taken  not  to  exceed  160^.  The  proportions  recommended  are  12  pts.  of  the  dry 
acid  of  commerce  ^which  is  chiefly  a  dihydrate  containing  13-5  per  cent,  water)  to  10 
pts.  of  aniline,  wita  or  without  the  addition  of  water.  The  operation,  according  to  the 
scale  on  which  it  is  carried  out,  requires  from  four  to  nine  hours  for  completion.  A 
perfectly  homogeneous  fiuid  mass  is  thus  obtained,  which  on  cooling  solidifies  to  a  hard 
substance  with  metallic  bronze-coloured  lustre.  When  dissolved  in  boiling  water  it 
produces  a  solution  of  great  richness  and  purity  of  colour.  From  this  solution  the 
colouring  matter  may  be  precipitated  almost  free  from  arsenic  by  addition  of  a  slight 
excess  of  soda.  The  precipitate  is  collected  on  filters,  washed  with  a  little  cold  water, 
and  redissolyed  in  acetic  acid. 

3.  With  Mercuric  Nitrate.  (Gerber-Keller's  process.) — 7  or  8  pts.  of  pulverised 
mercuric  nitrate  are  gradually  added,  with  constant  stirring,  to  10  pts.  of  aniline  heated 
in  a  water-bath  (too  high  a  temperature  might  cause  a  violent  and  explosire  reaction). 
The  operation  lasts  eight  or  nine  hours,  at  Uie  end  of  which  time  the  mass  becomes  of  a 
magnifioen  t  violet-red  colour.  This  constitutes  theazaleineof  commerce.  The  mer- 
cury is  reduced  during  the  process  to  the  metallic  state,  and  may  be  used  again  for 
the  preparation  of  the  nitrate. 

4.  With  Nitric  Acid.  (Lauth  and  Depouilly's  process.) — This  process  ought 
more  properly  to  be  called  treatment  of  nitrate  of  aniline  with  aniline,  as  it  requires 
the  aniline  to  be  in  excess.  The  mixture  is  heated  to  about  150^^  or  160^,  care  beine  taken 
to  remove  the  heat  as  soon  as  the  reaction  becomes  at  all  lively.  After  several  hours 
a  mass  is  obtained  of  a  fine  violet-red  colour,  which  may  be  sent  into  commerce  as  soon 

*  This  mode  of  producing  andlne-red  b.i«  not  actually  hem  carried  out  In  practice ;  but  a  Committee 
or  the  SocUti  fndustrtelle  de  Mnlhouu  haVe  reported  favourably  uii  Uit*  posaibiltty  of  |>erformlng  it  eco- 
nomically on  the  manufacturing  scale. 
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as  it  has  been  treated  with  a  small  quantity  of  carbonate  of  sodium  dissolved  in 
water,  and  precipitated  by  addition  of  common  salt.  This  process  gives  good  results 
especially  on  the  small  scale ;  but  when  large  quantities  are  operated  on,  it  is  often 
difficult  to  regulate  the  action,  and  combustion  and  deflagration  ensue,  which  of  course 
destroy  the  entire  product. 

The  aniline-red  obtained  by  the  action  of  nitiic  acid  or  mercuric  nitrate  has  a  more 
yiolet  tint  than  that  prepared  by  means  of  the  anhydrous  chloridea 

5.  Direct  production  of  AnUine-red  from  Nitrobenzene. — ^Nitrobenzene  is  treated 
with  a  mixture  of  iron  and  hydrochloric  acid,  or  with  ferrous  chloride,  whereby  it  is 
converted  into  aniline,  with  formation  of  ferric  chloride  (p.  420).  On  heating  the 
mixture,  the  ferric  chloride  reacts  upon  the  aniline  thus  produced,  eonverting  it  into 
aniline-red.  Messrs.  Laurent  and  Casth^laz,  to  whom  this  process  is  due,  giye  the 
name  of  erythrobenzol  to  the  colouring  matter  thus  obtained ;  but  it  probably  consists 
mainly  of  rosaniline. 

Purification  of  Aniline-red. — The  crude  colours  obtained  by  the  preceding  processes 
still  contain  undecomposed  aniline,  chiefly  in  the  form  of  salts,  together  with  tarry 
matters,  some  insoluble  in  water  and  dilute  acids,  others  soluble  in  sulphide  of  carbon, 
naphtha,  or  in  caustic  or  carbonated  alkalis.  On  boiling  the  crude  red  with  excess  of 
alkali,  the  undecomposed  aniline  is  expelled,  the  acid  which  exists  in  the  product 
being  fixed  by  the  slkali,  while  very  little  of  the  colouring  matter  dissolves.  On  treat- 
ing the  slightly  washed  resttiue  with  boiling  water  acidulated  with  a  mineral  acid,  the 
red  is  dissolved,  while  certain  tarry  matters  remain  insoluble ;  and  if  the  boiling  solu- 
tion be  filtered  and  saturated  with  an  alkali,  the  colouring  matter  is  precipitated 
tolerably  pure.  The  precipitation  may  be  hastened  by  dissolying  common  salt  in  the 
saturated  solution.  By  once  more  redissolving  the  precipitated  red  in  an  acid,  not 
employed  in  excess,  a  solution  is  obtained  which  frequently  crystallises,  or  from  which 
,the  pure  red  may  be  thrown  down  by  a  new  addition  of  chloride  of  sodium  or  other 
alkaline  salt 

In  France  the  hydroehlorate,  in  England  the  acetate,  of  aniline-red  is  generally  used 
in  dyeing. 

Comwmtion  and  Formation  ofAniUne^ed, — ^Hofmann  has  shown  that  all  the  yarieties 
of  anihne-red  are  salts  of  an  organic  base  which  he  designates  as  rosaniline.  This 
base  is  a  triamine,  C^H"N',  capable  of  uniting  with  one  or  three  (probably  also  with 
two)  atoms  of  acid.  Moreover  three  of  its  hydrogen-atoms  may  be  replaced  by  alcohol- 
radicles,  namely  methyl,  ethyl,  amy],  phenyl,  and  tolyl  or  benzyl,  producing  blue  and 
yiolet  dyes.  Further  than  this,  its  rational  constitution  has  not  been  distinctly  made  out. 
Neither  is  its  mode  of  formation  thoroughlyunderstood;  but  one  very  important  fact  has 
been  brought  to  light  by  the  researches  of  Hofmann,  and  confirmed  by  the  experience  of 
manufacturers,  namely  that  pure  aniline,  from  whatever  source  it  may  be  obtained,  is 
incapable  of  furnishing  aniline-red.  Commercial  aniline  prepared  from  coal-tar  always 
in  £etct  contains  toluidme  (benzylaroine,  CH'N)  as  well  as  phenylamine ;  and  Hofmann 
has  shown  that  the  presence  of  this  base  together  with  aniline  is  essential  to  the 
formation  of  the  red  dye.  Toluidine  by  itself  is  just  as  incapable  of  yielding  the  red 
as  pure  aniline,  but  wlten  a  mixture  of  pure  aniline  and  pure  toluidine  is  treated  with 
stannic  or  mercuric  chloride,  or  with  arsenic  acid,  the  r^  colouring  matter  is  immedi- 
ately produced.    Its  formation  may  perhaps  be  represented  by  the  equation : 

C«H-N     +     2C^H»N       -       C»H'»N»     +     H«, 
Aniltne.  Toluidine.  RotauUine. 

(ci«)* ) 

and  its  constitution  by  the  formula  (C^H*)"  fN*,  containing  the  diatomic  radides 

H«    3 
phenylene  and  tolylene  or  benzylene.    (Hofmann,  Froc.  Boy.  Soc.  485.) 

Schiff  (Ann.  Ch.  Fharm.  cxxv.  360;  cxrviL  337)  has  endeayoured  to  show  that 
the  formation  of  aniline-red  depends  upon  the  previous  formation  of  certain  compounds 
of  aniline  with  metallic  salts,  and  the  subsequent  decomposition  of  these  compounds, 
and  he  gives  a  general  equation  by  which  he  supposes  this  decomposition  to  be  repre- 
sented ;  but  this  theory  is  manif«Btly  erroneous,  masmuch  as  it  taxes  no  cognisance  of 
the  essential  fact  that  the  formation  of  the  red  dye  depends  upon  the  presence  of 
toluidine  as  well  as  of  aniline.  • 

Rosaniline  when  separated  £rom  the  solntion  of  its  salts  by  precifatation  with  an 
alkali  exhibits  the  composition, 

C»H«N»0       -      C»H>*N».H*0. 

« 

On  mixing  the  boiling  solution  of  the  acetate  with  a  large  excess  of  ammonia,  a  rose-red 
somewhat  crystalline  precipitate  is  formed,  consisting  of  the  hydrate  in  a  tolerably  pure 
state ;  and  the  colourless  liquid  filtered  from  this  precipitate  while  boiling,  deposits  on 
cooling  white  needles  and  plates  of  the  perfectly  pure  hydrate. 
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Bosaniline  is  nearly  inaoluble  in  water,  slightlj  soluble  in  ammonia^  more  soluble  in 
alcoholj  with  deep  red  colour,  inaoluble  in  ether.  When  exposed  to  the  air,  it  rapidly 
becomes  rose-coloured  and  ultimately  of  a  deep  red,  probably  in  consequence  of  the 
formation  of  a  carbonate. 

Bosaniline  is  a  rather  powerful  base,  forming,  as  already  observed,  mono*acid  and 
triacid  salts,  almost  all  of  which  are  remarkable  for  their  beauty  and  the  facility  with 
which  they  crystallise.  They  may  be  prepared  either  by  direct  union  of  the  acid  with 
the  free  base,  or  by  boiling  the  ammonium-salts  of  the  seyeral  acids  with  excess  of  the 
base. 

The  motto-acid  talis  exhibit  for  the  most  part  by  reflected  light,  the  lustrous  metallic 
ereen  of  the  wings  of  the  rose-beetle ;  in  transmitted  light  the  crystals  are  red,  becom- 
ing opaque  when  they  acquire  certain  dimensions.  The  solutions  of  these  salts  in 
water  or  alcohol  possess  the  magnificent  crimson  colour  which  characterises  rosaniline 
compounds.  According  toGheyreul(  Compt  rend,  liii  984 )  the  green  colour  reflected 
from  the  crystals  of  these  salts  is  exactly  complementary  to  the  crimson  colour  which 
the  solutions  impart  to  wool  aod  silk.  The  tri-acid  salts  of  rosaniline  are  yellowish-brown, 
both  in  the  solid  stat«  and  in  solution.  They  are  much  more  soluble  in  water  and 
alcohol  than  the  mono-acid  salts. 

The  salts  of  rosaniline  when  treated  with  reducing  agents,  sulphide  of  ammonium  for 
example,  are  oonyerted  into  leucaniline  (iil  674) : 

Rowniliue.  Leucaniline. 

Acetate  of  Rosaniline,  C*'H>*N>.C*H«0*.~-Thi8  is  perhaps  the  finest  of  all  the 
rosaniline-salts,  sometimes  separating  from  large  quantities  of  solution  in  crystals  an 
inch  in  diameter.  It  is  yery  soluble  in  water  and  alcohol,  and  does  not  crystaJlise  weU 
f^m  small  quantities  of  solution.  The  crystals  when  freshly  prepared  exhibit  in  a 
high  degree  the  green  metallic  lustre  already  mentioned,  but  on  protracted  exposure  to 
light,  this  colour  disappears,  the  crystals  assuming  a  dark  reddish-brown  tint 

Hydrochlorates, — ^The  mono-add  salt,  G'^H"N'.HC1,  is  deposited  from  its  boiling 
solution  in  well-defined  rhombic  plates,  frequently  in  stellar  forms.  It  is  but  sparingly 
soluble  in  water,  more  soluble  in  alcohol,  insoluble  in  ether.  It  retains  a  small  quantity 
of  water  at  100^,  but  becomes  anhydrous  at  130°.  Like  most  rosaniline-salts,  it  is 
very  hygrosoopia    Treated  with  zinc  and  hydrochloric  acid,  it  yields  leucaniline. 

The  tri-acid  hydrochlorate,  C^H^'N'.SHUl,  is  obtained  by  adding  yery  strong  hydro- 
chloric acid  to  a  warm  solution  of  the  base  in  moderately  strong  acid.  The  whole  then 
solidifies  on  cooling  to  a  network  of  beautiful  brown  needles,  which  must  be  washed 
with  strong  hydrochloric  acid  and  dried  in  a  vacuum  over  lime  and  oil  of  vitriol,  as 
water  decomposes  them,  reproducing  the  mono-acid  salt.  The  tri-acid  salt  gives  off 
part  of  its  acid  at  100°,  the  brown  crystals  becoming  indigo-blue,  and  being  ultimately 
converted  into  the  green  crystals  of  the  mono-acid  mlt. 

Both  the  hydrochlorates  of  rosaniline  unite  with  tetrachloride  of  platinum,  forming 
uncrystallisable  double  salts  which  appear  to  contain  2(C»H**N'.HCl).PtCl«  and 
2(C»H»N«.3HCl).3PtCl*  respectively. 

Hydrobromate  of  Rosaniline,  C^H**N'.HBr,  resembles  the  mono-acid  hydrochlorate  in 
every  respect,  but  is  even  less  soluble.  The  hydriodate,  C^H^'N'.HI,  forms  green  very 
soluble  needles. 

Ifiirate  of  Rosaniline,  C*H>*N'.NHO',  obtained  by  dissolving  the  base  in  warm 
dilute  nitric  add,  forms  small  crystals  resembling  the  other  salts  of  rosaniline. 

The  pi4frate  or  trinitrophenate,  C*»H»»N».C«H«(NO«)»0,  crystallises  in  beautiful 
reddish  needles,  likewise  very  sparingly  soluble  in  water. 

Sulphates.^The  neutral  salt,  (C«»fl'»N«)«H«SO*  (at  130°),  obtamed  by  dissolving  the 
base  in  dilute  sulphuric  adid,  is  deposited  in  green  crystals  having  a  metallic  lustre. 

Tannates. — Tannic  acid  added  to  an  aqueous  solution  of  rosaniline,  either  neutral 
or  acid,  throws  down  the  whole  of  the  rosaniline  in  the  form  of  an  insoluble  tannate. 
The  predpitate  formed  in  cold  dilute  solutions  has  an  intense  carmine  colour,  like  the 
carmme-lake  of  cochineal ;  from  warm  concentrated  solutions  it  separates  as  a  tenacious, 
pitchy,  red-brown  mass.  If  the  tannic  acid  is  in  excess,  the  solution  retains  a  red 
colour,  indicating  the  formation  of  a  more  soluble  (di-  or  tri-add)  salt.  The  neutral 
tannate  is  likewise  formed  when  dotft  mordanted  or  printed  with  tannic  acid  is  dipped 
in  a  slightly  add  solution  of  aniline-red.  It  dissolves  in  alcohol,  wood-spirit  and  acetic 
acid  with  the  deepest  crimson  colour ;  in  concentrated  solutious  of  the  stronger  acids 
with  reddish-yellow  colour,  which  however  changes  to  red  on  addition  of  water,  part  of 
the  salt  being  at  the  same  time  precipitated ;  by  prolonged  boiling  with  concentrated 
adds  it  is  decomposed.  Alkalis  decolorise  it,  but  the  colour  is  restored  by  neutralisa- 
tion with  an  acid.  When  tannat«  of  rosanUine  is  triturated  with  three  or  foxa  times 
its  weight  of  wood-spirit  and  the  thickish  cairmine- coloured  mass  is  mixed  with  a  quantity 
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of  nitric  or  hydrochloric  acid  (or  better  with  alcohol  saturated  with  hydrochloric  acid\ 
equal  to  ^^  to  ^  of  the  volume  of  the  wood-spirit.,  the  colour  of  the  mixture — which 
dries  up  quickly  if  the  trituration  be  continued — passes  into  vioU't  and  finally  into  blue. 
By  duly  regulating  the  proportion  of  acid,  any  required  shade  of  colour  may  be  obtained. 
Aa  these  blue  and  violet  colouring  matters  are  nearly  insoluble  in  water,  they  may  be 
freed  from  adhering  acid  by  washing  with  water.  For  dyeing,  they  are  dissolved  in 
alcohol  or  wood-spirit,  and  the  solution  is  diluted  with  water.  (E.  Kopp,  Jahresb. 
1862,  p.  694.) 

Dyeing  with  AnilirU'-red. — The  salts  of  rosaniline  chiefly  employed  for  dyeing  silk 
and  wool  are  the  acetate,  hydiochlorate  and  nitrate  ;  their  application  is  very  simple. 
Silk  is  dyed  by  passing  it  through  a  cold  aqueous  solution  of  the  salt ;  for  the  dyeing 
of  wool  the  solution  is  heated  to  60^  or  60^  C.  Kosaniline  is  precipitated  from  its 
solutions  and  fixed  bv  silk  and  wool,,  with  such  rapidity  and  force  that  it  is  necessary 
to  operate  with  solutions  comparatively  weak  at  first  and  only  gradually  strengthened ; . 
otherwise  the  dye  will  be  unequal,  the  portions  first  immersed  being  more  strongly 
coloured  than  the  rest.  Cotton,  on  the  other  hand,  has  no  attraction  for  this  colouring 
matter,  and  requires  first  to  be  treated  with  some  animal  mordant,  such  as  albumin, 
prepared  glutin,  casein,  lactarin  or  gelatin,  or  with  tannic  acid,  the  latter  being  used 
either  in  its  combinations  with  metallic  oxides,  as  antimonic,  stannic  or  plumbic,  or  as 
taonate  of  gelatin.  For  some  time,  oily  preparations  were  employed,  such  as  sulpho- 
margaric  or  sulpholeic  acid. 

When  a  stuff  which  has  been  dyed  with  aniline-red  is  printed  with  a  strong  acid, 
it  it  decolorised,  with  formation  of  a  yellowish  stain  in  consequence  of  the  conversion 
of  the  mono-acid  salt  of  rosaniline  into  a  tri-acid  salt,  which  has  but  little  colour ;  but 
on  washing  the  material  with  water,  the  excess  of  acid  is  removed  and  the  red  colour  is 
restored.  On  printing  with  a  powerful  base,  caustic  soda  for  example,  the  red  rosaniline 
salt  is  decomposed  and  colourless  rosaniline  is  liberated,  but  when  the  soda  is  washed 
out  with  water,  the  red  colour  reappears,  the  rosaniline  probably  becoming  carbonated. 
Ammonia  likewise  destroys  the  colour  for  a  time,  but  as  the  ammonia  escapes  the  red- 
coloration  returns.  If  however  the  dyed  fabric  be  left  for  some  time  in  contact  with 
weak  aqueous  ammonia,  the  rosaniline  is  for  the  most  part  dissolved  out^  and  the 
colour  is  then  no  longer  restored  by  rinsing  with  water. 

VerivaUvfs  of  Rosaniline. 

THetbyl-«OBaiiUlna,  C«H"»N»  »  C«*H»^C«H*)«N».— This  compound,  which 
yieldsoneof  the  varieties  of  a  ni  line- violet,  was  discovered  byHofmann(Proc.Roy. 
Soc.  xiii.  13 ;  BulL  Soc  Chim.  1866,  [1]  166),  and  is  known  in  commerce  as  Ho/- 
numn's  violet  It  is  obtained  by  heating  1  pt  of  rosaniline,  2  pts.  iodide  of  ethyl,  and 
about  2  pts.  of  strong  alcohol  to  100°  for  three  or  four  hours,  in  a  vessel  capable  of 
resisting  a  certain  amount  of  pressure.  The  mixture  is  then  left  to  cool,  and  the  syrupy 
violet  mass  is  ^ssolved  in  alcohol  or  wood  spirit  The  resulting  solution  of  hydriodate 
of  triethyl-rosaniline  may  be  u»ed  (or  dyeing  and  printing  just  like  the  other  aniline 
dyes.  By  using  them  in  this  manner,  however,  the  iodine,  which  is  a  substance  of 
some  value,  is  lost.  It  may  be  recovered  by  boiling  the  product,  either  before  or  after 
solution  in  alcohol,  with  a  caostic  alkali,  which  precipitates  the  triethyl-rosaniline, 
leaving  the  alludine  iodide  in  solution.  From  this  solution  the  iodine  may  be  recovered 
in  the  usual  way,  and  employed  for  the  preparation  of  a  fresh  quantity  of  ethylic  iodide. 
The  triethyl-rosaniline  is  washed  with  water  till  all  the  soluble  salts  are  removed,  then 
dissolved  in  alcohol,  containing  hydrochloric  acid,  or  in  acetic  acid  more  or  less  diluted 
with  water,  and  this  solution  is  used  for  dyeing  and  printing. 

If  the  triethyl-rosaniline  obtained  as  above  be  again  treated  with  iodide  of  ethyl, 
and  the  series  of  operations  repeated  two  or  three  times,  the  ultimate  product  is  an 
ethi/Uodateoftriethyl'ro8aniline,C?m*^l^*,C^^L 

Similar  products  are  obtained  by  treating  rosaniline  with  the  iodide  of  methyl  at 
100<>  or  ioide  of  amyl  at  160°— 160°. 

Other  varieties  of  Aniline-violet — ^By  heating  a  salt  of  rosaniline  with  a  quantity  of 
aniline  less  than  sufficient  to  form  aniline-blue,  e,g,  equal  parts  of  hydrochlorate  of 
rosaniline  and  aniline  to  180^  a  violet  colouring  matter  is  produced,  which  was  origin- 
ally patented  by  MM.  Girard  and  De  Laire,  and  is  known  in  commerce  as  violet 
imphnat  It  is  likewise  obtained  together  with  aniline-blue,  when  a  salt  of  rosaniline 
is  heated  with  excess  of  aniline  (p.  472).  Its  composition  has  not  been  ascertained, 
but  it  is  perhaps  a  mixture  of  rosaniline  and  triphenyl-roeaniline,  or  a  mono-  or 
diphenylic  rosaniline. 

Another  aniline- violet  has  been  obtained  by  N  i  c  h  o  1  a  o  n.  It  is  formed  by  carefully 
heating  aniline-red  to  a  temperature  between  200°  and  21 6^  Ammonia  is  then  given 
ofi^  and  a  dark  semi-solid  mass  is  formed.    This  is  exhausted  with  acetic  acid,  and  the 
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deep  violet  solution  diluted  with  sufficient  alcohol  to  gire  the  dye  a  conyeiiient  stzength 
fur  commercial  purposes. 

Lastly,  Perkin*s  mauveine  must  be  regarded  as  a  rariety  of  aniline-violet;  but  as 
its  salts  hare  a  purple  colour,  it  is  best  to  designate  this  oolouring  matter  as  aniline- 
purpl(%  the  name  originally  giren  to  it  by  its  discoverer. 

Trtphenjl-rosanlUne,  C"H"N«  -  C»H'«{C^*)«N«.— This  base,  the  salts  of 
which  form  the  spendid  blue  dye  called  aniline-blue,  also  *'fileu  de 'Paris,'*  or 
"  Bleu  de  Lyon,"  was  discovered  by  Girard  and  De  Laire,  and  its  constitution  has 
l)een  determined  by  H  of  man  n  (Proc.  Hoy.  Soc.  xiii.  9).  It  is  produced  by  heating  a 
rait  of  rosaniUne,  or  a  mixture  of  substances  capable  of  producing  such  a  salt»  with 
excess  of  aniline :  e.  g, 

C»H"N».HC1  +   S(C«ff».H«.N)    -     C»H'«(OH»)«N«.Ha  +   3NH». 

Hydrocblorate  of  Aniline.  HydrochlorateofTri- 

RosaniUne.  phenyl-roMUiiline. 

The  time  required  varies  with  the  quantity  of  material  operated  upon.  If  a  mixture 
of  2  kilogrammes  of  hydrocblorate  of  rosaniline  and  4  kilogrammes  of  aniline  be  em- 
ployed, me  operation  is  complete  iu  four  hours. 

Several  other  colouring  matters  are  however  formed  at  the  same  time,  among  which 
are  a  violet  {violet  imperial)  and  a  green ;  large  quantities  of  ammonia  are  also  given 
off.  The  crude  blue  is  purified  by  treating  it  successively  with  boiling  water  acidulated 
with  hydrochloric  acid,  and  afterwards  with  pure  water. 

Triphenyl-rosaniline  is  obtained  on  pouring  a  concentrated  solution  of  the  hydrocblorate 
in  ammoniacal  alcohol  into  water,  as  a  white  or  greyish  precipitate  consisting  of  a  h  yd  r  a  t  e, 
C**H"N'.H*0.  It  shows  a  tendency  to  crystallise,  but  has  not  hitherto  been  obtained 
in  distinct  crystals.  The  alcoholic  and  ethereal  solutions  deposit  it  in  the  amorphous 
state,  even  on  spontaneous  evaporation.  It  is  very  liable  to  change,  gradually  becom- 
ing blue  during  washing,  and  especially  during  drying,  even  in  vacuo.  The  vacuum- 
diT  substance  heated  to  100°,  assumes  a  deep  brown  colour  which  it  retains  on  cooling; 
it  likewise  under^es  slight  fusion  also  at  that  temperature,  but  does  not  lose  weight 

The  salts  of  triphenyl-rosaniline  are  prepared  by  treating  the  free  base  with  acids. 
Only  mono-acid  salts  have  hitherto  been  obtained.  The  solutions  treated  with  zinc  and 
hydrochloric  acid,  or  other  reducing  agents,  are  rapidly  decolorised  and  converted  into 
salts  of  triphenyl-leucaniline,  C""H"N'  (iii.  674). 

Hydrochwrate  of  Trij^kenyl-rosaniline,  C"H"N".HC1,  is  the  aniline-blue  obtained  by 
the  process  above  described.  It  is  an  indistinctly  crystalline  powder  of  a  bluish-brown 
colour  becoming  pure  brown  at  100°.  It  is  perfectly  insoluble  in  water  whether  cold 
or  boiling,  insoluble  also  in  ether,  but  dissolves,  though  with  difficulty,  in  alcohol, 
forming  a  solution  of  a  splendid  deep  blue  colour. 

From  the  boiling  saturated  alcoholic  solution  it  is  deposited  on  ooolinff  in  the  fbrm 
of  imperfect  crystalline  granules.  The  same  solution  when  evaporated  leaves  it  as  a 
thin  film,  whidi  reflects  light  with  a  peculiar  metallic,  half-golden,  half-coppery  lustre 
(Hofmann).  It  dissolves  in  strong  sulphuric  acid,  and  on  digesting  the  solution  for 
half  an  hour  at  160^  and  then  adding  water,  the  blue  colouring  matter  is  precipitated 
in  a  modified  state,  having  in  fact  become  soluble  in  pure  water.     (Nicholson.) 

The  hydrobramate.hydriodaU,  nitrate  mn^  sulphate,  (C»"H»'N»)»H*SO*,  have  also  been 
prepared.  They  resemble  the  hydrochlorate,  but  the  nitrate  is  perhaps  a  little  more, 
the  sulphate  a  little  less,  soluble  in  alcohol 

Various  fyrocess^s  for  the  production  of  AnUine-blue, — Kosaniline-salts  assume  a 
permanent  blue  coloration  when  boiled  with  solutions  of  aldehydes  (Lauth,  Quesne- 
ville's  Monit.  Scient.  [1863]  iv.  838) ;  or  with  crude  wood-spirit  (£.  Kopp,  ibid.  p.  33*2). 

Tannate  of  rosaniline  appears  to  be  especially  inclined  to  this  change.  The 
nature  of  the  blue  colouring  matter  thus  p]^>ducea  is  unknown,  but  it  is  probably 
identical  with  that  produced  by  treating  rosaniline  with  excess  of  aniline.  The  same 
remark  applies  to  a  blue  dye  described  byGros-Kenaud  and  S  c  h  a  f  f  e  r  of  Mulhouse 
(ibid.  iii.  292)  under  the  name  of  Mulhouse  blue,  which  is  formed  by  boiling  the  solu- 
tion of  a  rosaniline  salt  (generally  the  nitrate)  with  a  solution  of  gum-lac  and  carbon- 
ate of  sodium. 

Trttolyl-roMtnillBe  or  Tolnldlne-blne,  C^iH^N*  s  C'^H'^C'H'y^  (Hof- 
mann, ^n.  Ch.  Pharm.  cxxxii.  290). — ^Produced  by  heating  the  acetate  (or  other 
salt)  of  rosaniline  with  twice  its  weight  of  toluidine  (benzylamine).  The  reaction  is 
precisely  similar  to  that  by  which  triphenyl-rosaniline  is  obtained : 

C*'H»*N«  +   SC'H'N     =.     C^H^N"  +  3NH«. 

Large  quantities  of  ammonia  are  evolved,  and  a  brown  metallic-shining  mass  is  obtained 
which  dissolves  in  alcohol  with  deep  indigo  colour.  This  product  is  acetate  of  tritolyl- 
rosaniline.    When  treated  with  alcoholic  ammonia,  and  subsequently  with  water,  it 
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yields  the  base  from  which  Tarioos  salts  may  be  prepared.  These  salts  resemble 
those  of  tripheDyl-rosaniline ;  but  they  are  more  soluble  and  more  difficult  to  crystal- 
lise. The  hydrochlorate  czystallises  from  boiling  alcohol  in  small  blue  crystab  insolu- 
ble in  boiling  water,  and  haTing  when  dried  at  100°  the  composition  G*'H''N^HC1. 

The  salts  of  tritolyl-rosaniline  when  subjected  to  dry  distillation,  undergo  a  decom- 
position similar  to  that  of  the  salts  of  triphenyl-rosaniline,  yielding  phenyl-tolyl- 
amine  (0»H»XC^H')HN  (p.  464). 

Tdyl-dipkenyl-rosanUin,  C»H»^C^H»)*(C'H')N»,  appears  to  be  obtained  as  a 
hydrate  by  heating  phenyl-tolylamine  with  mercuric  chloride. 

Antline-yellow  or  Cbryaaalllne,  C^H^'N'. — This  colouring  matter,  which 
differs  from  rosaniline  by  containing  2  atoms  of  hydro^n  less,  is  obtained  as  a  bye- 

Eroduct  in  the  preparation  of  aniline-red.  When  the  residue  firom  which  the  rosaniline 
as  been  extracted  is  submitted  for  some  time  to  a  current  of  steam,  a  quantity  of 
chiysaniline  passes  into  solution,  and  is  precipitated  in  the  form  of  a  difficultly  soluble 
nitrate  on  adding  nitric  acid  to  this  solution.   (Nicholson.) 

Chzysaniline  in  the  free  state  is  an  amorphous  yellow  powder,  like  recently  precipi- 
tated chromate  of  lead,  nearly  insoluble  in  water^  but  dissolving  readily  in  alcohol  and 
in  ether.    It  forms  two  series  of  crystallisable  salts,  mono-add  and  di-acid. 

The  di-acid  hydrochlorate^  C*H'^*.2HC1,  is  formed  as  a  scaly  precipitate  on  adding 
concentrated  hydrochloric  acid  to  a  solution  of  the  base  in  the  dilute  acid.  It  dissolves 
easily  in  water,  less  easily  in  alcohol,  and  not  at  all  in  ether.  It  forms  a  hydrate  con- 
taining^ 1  atom  of  water.  It  does  not  lose  weight  between  100^  and  120°,  but  when 
heated  for  a  fortnight  to  160° — 180°  it  is  converted  into  a  yellow  crystalline  powder 
of  the  neutral  salt  C*'H*'N'.HC1.  which  is  somewhat  less  soluble  in  water  than  the  acid 
salt.  It  unites  with  tetrachloride  of  platinum,  forming  a  chloroplaiinate  which  crys- 
tallises from  a  dilute  solution  in  large  beautiful  tablets. 

The  nitrates  of  chrysaniline  crystallise  with  the  greatest  facility  in  ruby-red  needles 
yrldch  are  so  sparingly  soluble  in  water  that  a  solution  of  nitrate  of  potassium  contain- 
ing only  1  grm.  of  nitric  acid  in  a  litre,  immediately  yields  a  crystalline  precipitate 
on  addition  of  a  chiysaniline-salt  The  neutral  nitrate,  C''H"N*.NHO*,  is  obtained  by 
boiling  chrysaniline  in  excess  with  dilute  nitric  acid ;  and  the  solution  of  this  salt 
mixed  with  cold  concentrated  nitric  acid,  yields  the  add  nitrate,  C''H"N*.2NH0*,  in 
dystals  resembling  ferricyanide  of  potassium  and  decomposible  by  water. 

Sulphate  of  chrysaniline  is  easily  soluble  and  difficult  to  ciystallise.    (Hofmann.) 

Chiysaniline  and  its  salts  dye  silk  and  wool  a  splendid  golden -yellow  colour. 

Schiff  (Ann.Ch.  Pharm.  cxxvii.  342),  by  triturating  aniline  with  2  pts.  of  potassic 
antimonate  or  stannate,  and  supersaturating  with  hydrochloric  add,  obtained  a  scarlet 
colouring  matter  soluble  in  ether-alcohol,  and  forming  with  hydrochloric  add  a  salt 
which  crystallised  from  ether  in  laminte  resembling  canthandes,  and  yielded  with 
alkalis  a  deep  yellow  flocculent  body  capable  of  imparting  a  permanent  yellow  dye  to 
silk  and  wool. 


Compounds  derivable  from  ammonium,  NH^  by  the 
substitution  of  phenyl  or  derivatives  of  phenyl,  &&,  for  equivalent  quantities  of  hydrogen. 

1.  Phenylammoniums  containing  anfy  Jlcohd-radicles. 

All  the  salts  of  aniline  and  its  derivatives  described  in  the  preceding  pages  may  be 
regarded  dther  as  compounds  of  ammonia-molecules  with  adds,  or  of  ammonium-mole- 
cules with  salt-radicles :  e.  g, 

(C«H»)H'N.HC1  -         (CTi»)H«N.Cl 

Hydrochlorate  of  Chloride  or  phenyl- 

phenylamine.  ammonium. 

(C>fl»XC»H»)«N.HNO«    -        (Cra»XC*H»)«HN.NO« 

Nitrate  of  dkthyUphenyl.  Nitrate  of  diethyUphenyl- 

amine.  ammonium. 

(OH»C1N)«.B?SO«  =        (C^'C1N)«S0* 

Sulphate  of  chloro-  Sulphate  of  chloro- 

phenylamine.  pbenylammonium. 

But  there  are  certain  compounds  which  cannot  be  formulated  as  compounds  of  phenyl- 
amines  with  adds,  but  must  be  regarded  either  as  phenylamines  combined  with  com- 
pound ethers  (alcoholic  sulphates, iodides,  &c.),or  else  as  sidts  of  phenylammoniums:  e,g, 

(0'H»XC»H")(C«H*)N.CH»I        -        (C«H*XC»H»)(C«H»XCH»)N.I 

Melhyl-iodate  of  eihyUamylo-  loiiide  of  methyl-ethvl-amylo- 

pbeuylamiiieL  phenylammonlum. 

The  latter  view  affords  the  best  explanation  of  most  of  their  reactions. 
The  iodides  of  these  phenylammoniums  in  which  the  whole  of  the  hydrogen  is 
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replaced  by  alcoliol-ndielefl,  axe  obtained  by  heating  a  tertiary  pbenylamine  with  an 
alcohoUc  iodide  in  sealed  tubes ;  thns  diethylaniline  (C*H*XC«n*)«N,  heated  with 
iodide  of  ethyl,  yields  iodide  of  triethylo<phenylammoniYini.  The  iodides  thns  obtained 
when  treated  with  moist  oxide  of  silver,  yield  the  corresponding  hydrates,  which  are 
strong  alkaline  bases  like  hydrate  of  tetrethylammonium  (ii.  561),  and  cannot  be  dis- 
tilled without  decomposition ;  the  hydrate  treated  with  acids,  yields  various  sidts. 

Triethylphenylammonium,  C"F"N  -  (C^»XO^*)*N.  (Hofmann,  Ann. 
Ch.  Pharm.  Ixxix.  ii.>— The  hydrate,  C'«H*N.H.O,  forms  a  bitter  alkaline  solution 
which  when  evaporated  and  distilled  is  resolved  into  water,  ethylene^  and  diethyl- 
aniline: ^^ 

(C^»XC^*)^|0       -      HH>     +     C^*     +     (CfH»)(C^»)«N. 

The  chloride,  C"H"NC1,  crystallises  with  moderate  facility.  The  chloroplattnate, 
2C*'H**NCLPtCl\  is  a  light-yeUow  amorphous  precipitate  veiy  slightly  soluble  in 
water,  insoluble  in  alcohol  and  ether. 

The  iodiiie  is  a  crystalline  mass  obtained  by  heating  a  mixture  of  diethylaniline  and^ 
iodide  of  ethyl  in  a  sealed  tube  for  two  hours  at  the  heat  of  the  water-bath,  and  re-* 
moving  the  excess  of  ethylic  iodide  or  diethylaniline  by  distillation. 

The  sulphate^  nitrate,  and  oxalate  eiystallise  readily. 

Methyl-ethyl-amylo-vhenyl-ammonium,  C"H"N  -  (C^»XCH"XC^") 
(G*H")N.— The  hydrate  yields  by  distillation  water,  ethylene  gas  and  methyl-amyl- 
aniline: 

(OT»XCH-XC«H*XO^^)Njo    -    H«0  +   C«H*  +  (C-fl*XCH-XC»H")N. 

The  chloroplatinaU,  2C>«H*<NCLPta\  is  a  light  coloured  non-crystalline  predpitatei 
The  iodide  obtained  by  heating  ethyl-amvlaniline  with  methylic  iodide  is  crystalline  and 
soluble  in  water.     (Hofmann,  loe,  cit.) 

Ethyl'triphenylammonium?  -  C»H"N  =  (C^»)»(C^»)N.     (Seep.  454.) 

2.  Phmyl-^mmotUums  oontaimng  Metals. 

Aniline  unites  with  several  metallic  salts,  forming  compounds  which  may  be  regarded 
as  salts  either  of  metallo-phenylamines  or  of  metallo-phenylammoniums :  thus  with 
mercuric  chloride  it  forms  the  compound  2C«H'N.Hg''Cl»  -  C'*H>«Hg'N».2Ha  « 
CHi^Hg^N^.d*.    The  general  formuhi  of  these  compounds  is : 

nCraT?J!i<»>X«       «      (C^»)->N-,nHX       «        (C«H»)->N-.X-; 

H"    )  H"») 

in  which  M(">  denotes  an  n-atomic  metal,  and  X  a  monatomic  salt-radicle  such  as  CI, 
N0>,  &c.,  X«  being  of  course  rephiceable  by  X*,  X»  by  XW,  &c.* 

Antimont  -  coKPOUMDs.  Chloride  of  TriphenyUtibonium^  3C*H^.SbCl'  - 
(C*H»)») 

Sb*^    f  N'.Cl',  is  obtained  by  heating  aniline  with  dry  antimonious  chloride,  or  bv 

H«  ) 
adding  aniline  to  a  solution  of  the  chloride  in  benzene,  as  a  white  crystalline  mass, 
which  is  soluble  only  in  aniline  and  separates  therefrom  in  slender  needles.  It  is  de- 
composed by  water,  and  is  converted  into  a  double  salt  by  hydrochloric  add.  It  melts 
at  80^,  solidifies  again  in  long  needles  and  is  partially  decomposed  by  distillation. 
(H.  Schiff,  J.  pr.  Chem.  Ixxxo.  226;  Jahresb.  1863,  p.  413.) 

Iodide  of  TriphenyUtibonium,  &c.,8b"'(C^»)*H«N»P,  is  produced  in  like  manner  (at 
100^ — 120°),  and  separates  from  the  excess  of  aniline,  in  yellow  needles  which  are  de- 
composed by  boiling  with  caustic  alkalis,  yielding  aniline,  antimonious  oxide  and  iodide 
of  potassium. 

ABSBNic-GOKPonrD.  Chloride  of  IHphenylarsonium,  SC'H'N.AsCl*  «  A8'^(C«H»)« 
H'N'Cl',  obtained  in  like  manner,  is  aystalline,  melts  at  about  90®,  and  distils  without 
decomposition  between  205°  and  210°.  It  is  somewhat  soluble  in  water,  with  separa- 
tion of  arsenious  acid.  The  corresponding  iodide  is  not  altered  either  by  cold  water 
or  by  dilute  sulphuric  acid ;  but  boiling  alcohol  decomposes  it,  ^ieldine  hydriodate  of 
iodaniline,  free  aniline  and  brown  flocks  of  proto-iodide  of  arsenic  (Schiff,  loc.  cit.) : 

As(OH»)»H«N«P     -     C«H«IN.HI  +  2C^»N  +  Asl. 
BcBMDTH-ooMPOUKDS.      Chloride  of  Triphenyl-bismuthonium,    SOH'K.BiCl*      « 

*  In  the  rcn^ra)  foriruU  Rirftn  on  pAge  428,  11b  \%  erronooncW  printed  inxtead  of  11^;  corrrsponding 
altMTSiUons  are  alio  requ  red  in  the  examples  which  rollow  on  the  same  imgr. 
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Bi''(OH*)'H*N*Cl',  is  a  fdsible,  indistinctly  cxTstalline  mass  wliich  is  reiy  slowly  de- 
composed by  water,  and  turns  yiolet  when  heated« 

Aniline  mixnd  with  aqueous  chloride  of  bismuth  forms  a  precipitate  consisting  of 
OH'N.BiClO.    (Schifl) 

CADMimc-ooiCFOXTiiDS.    Bcscmble  the  zinc-compounds  {ji^fra),  • 

CoTFBR-coxpot)n>.  Sulphate  of  Phenyl-cupramnumium,  2C*H'N.Cu''S0*  ■• 
Cu"(C*H*)*fl*N»  SO*,  is  obtained  as  a  green  crystalline  precipitate  on  adding  cupric 
snlpnate  to  a  solution  of  aniline.  Boilii^  water  decomposes  it,  sulphate  of  anihne  dis- 
solving and  a  basic  sul|)hate  of  copper  being  deposited  (Gerhardt).  Aniline  forms 
with  cupric  chloride  a  similar  precipitate  wluch  soon  turns  black  (Hofmann). 

MEBCUBT-€oicpoi7in>s.  (Moride  of  Diphen^lmereurammonium,  2C*H^.Hg*Cl*  » 
Hg''(C*H*)'H*N*Cl*,  sometimes  called  chlorotnercurate  of  ant/tne,  is  precipitated  on 
adding  mercuric  chloride  to  an  excess  of  alcoholic  aniline.  It  is  a  nacreous  precipitate 
which  must  be  collected  on  a  filter  and  washed  with  a  small  quantity  of  aloohoL  It 
gives  off  a  small  quantity  of  aniline  even  at  60^,  and  turns  yellowish  (Gerhardt, 
Traitit  iii.  86).  According  to  Schiff,  it  decomposes  at  100^,  yielding  aniline-red,  and 
a  similar  red  product  is  obtained  by  heating  aniline  with  mercurous  chloride  to  160^. 
[Probably  the  aniline  used  contained  toluidine  (see  p.  469).] 

Another  meicuiy-salt  containing  C»«H"Hg"NK)l«.2Hg*Cl«  or  2C*H'N.3Hg''Cl«  rises 
to  the  surface  as  a  pasty  mass  when  aniline  is  mixed  with  [excess  of?]  aqueous  cor^ 
rosive  sublimate ;  on  mixing  the  alcoholic  solutions,  it  is  precipitated  in  the  form  of  a 
soft  white  powder,  which  soon  becomes  ctrstalline.  It  must  oe  washed  with  water. 
When  boiled  with  water,  it  turns  lemon-yellow,  with  evolution  of  a  small  quantity  of 
aniline,  and  partial  solution  of  the  salt,  which  crystallises  out  without  alteration  on  cooling. 
In  a  small  <}uantity  of  hot  hydrochloric  acid  it  dissolves  partiidly  and  melts  into  a 
heavy  red  oil;  in  a  large  quantitv  completely,  and  yields  white  orstals  on  oooline.  In 
cold  water  it  dissolves  very  spanngly;  slightly  also  in  boiling  alcohol,  firom  which  it 
crystallises  on  cooling  (Hofmann).  Of  the.  same  composition  also  are  probably  the 
needles  which  G^harat  obtained  by  further  addition  of  corrosive  sublimate  to  the  alco- 
holic liquid  filtered  from  the  preceding  salt,  and  which,  when  boiled  witii  alcohol, 
yielded  an  orange-yellow  residue  and  a  dark  yellow  filtrate,  from  which  a  mixture  of 
colourless  and  orange-yellow  crystals  were  deposited  on  cooling. 

Cyanide  of  Diphenylmercwammonium,  2C^»N.Hgf  Cy*  -  Hg''(C*H»)«H<N*.Cy«, 
separates  in  long  needles  on  mixing;  aniline  with  a  hot  aqueous  solution  of  mercuric 
cyanide.  It  melts  very  easily,  and  is  easily  resolved  into  aniline  and  i^anide  of  mer- 
cury at  80°.    It  is  not  decomposed  by  alk^is.    (Schiff.) 

The  corresponding  iodide  is  obtained  by  double  decomposition,  in  yellowish  lamini»s 
and  is  converted  into  a  red  colourins  matter  at  100°.    (Schiff.) 

The  mtrate,  Hg''(G*H*)^*N*.2N0*,  is  formed  on  mixing  anUine  or  nitrate  of  aniline 
with  mercuric  nitrate,  as  a  white  precipitate  which  becomes  crystalline  in  contact  with 
dilute  acids.  When  heated  with  water,  it  gives  up  nitrate  of  aniline,  and  is  converted  into 

white  pulverulent  nitrate  of  dipkenyl-dimercurammonium,  ftff*{C*H*)*H'N*.2N0".H*0, 
and  this  by  the  prolonged  action  of  boiling  water,  is  converted  into  nitrate  ofdiphenyl- 

triiHereuranrnonium,  flg\C«H»)«ir.2N0".H«0.    (Schiff.) 

Nitrate  of  Phmyi-mercuroeamvumium,  Hg(C*H*)H^.NO',  is  formed  by  treating 
aniline  with  mercurous  nitrate ;  it  is  crystalline  and  easily  decomposible.    (S  c  h  i  f  f . ) 

Palladium-oomfoukd.    Chloride  of  Diphenyl-^ladamm(miumtVd\C*U*)m 
]l  formed  on  adding  palladious  chloride  to  water  containing  aniline  in^  suspension,  as  a 
light  yellow  crystalline  precipitate^  insoluble  in  excess  of  anuine.    A  similar  precipitate 
is  formed  with  palladious  iodide.    (Gerhardt) 

TiN-coMFonvDS.  Chloride  of  LiphenyUtannoBamnumium,  Sn7C*H*)'H^N'.Gl',  is 
formed  as  a  slightly  soluble  crystalline  mass  on  mixing  aniline  ana  stannous  cUoride 
in  equivalent  proportions. 

Chloride  of  TetraphmyUtannicamnumium,  Snl*((?^*)*H■N*01^  is  produced  by 
strongly  heating  an  intimate  mixture  of  2  at  aniline  and  1  at.  tetrachloride  of  tin,  or 
by  dropping  aniUne  into  a  solution  of  the  tetrachloride  in  benzene.  It  is  a  white  crystal- 
line powder  which  is  decomposed  by  water  with  separation  of  stannic  oxide.  When 
heated  even  in  a  stream  of  drjr  carbonic  anhydride,  it  is  resolved,  according  to  Schi£^ 
into  aniline,  ammonia  and  roMniline?  (see  p.  469). 

Zmo-covpounns. — Chloride  ofDiphenul-ztncammonium,  Zn'XO'H*)'H*N*Cl*,  crystal- 
lises in  oblique  rhombic  prisms  easily  soluble  in  water  and  in  alcohol,  and  resolved  by 
prolonged  lx>ib'ng  into  aniline  and  chloride  of  zinc.  The  chloroplatinate  is  a  ^ranulo- 
crystaUine  salt.    The  bromide  and  iodide  resembles  the  chloride  in  composition  and 
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piopertias.  The  sulphate,  Zn"(C«H»)*n<N«,SO*,  is  more  soluble  and  senres  for  the 
preparation  of  the  preceding  salts  by  double  decomposition.    (Schiffl) 

VBSVT]b-aaKT&.  C"H«  =  C«H*.C*H".  (Tollens  and  Fittig,  Ann.  Ch. 
Pharm.  czzxi.  313.) — ^A  hydrocarbon  formed  by  the  action  of  sodium  on  a  mixture  of 
bromobenz%ne  (bromide  of  phenyl)  and  bromide  of  amyl,  diluted  with  benzene.  The 
action,  which  is  attended  with  considerable  rise  of  temperature,  is  soon  completed,  and 
if  the  mixture  be  then  distilled,  a  colourless  liquid  is  obtained,  contaming  phenyl-amyl 
together  with  traces  of  free  amyl  and  phenyl,  and  the  benzene  used  for  dilution;  and  by 
a  few  rectifications,  collecting  apart  the  liquid  which  passes  over  at  193°,  the  phenyl- 
amyl  may  be  obtained  pure. 

Phenyl-amyl  is  a  transparent  colourless  liquid  having  a  peculiar  odour  not  like  that 
of  benzene.  It  boils  at  195°,  and  has  a  specific  gravity  of  0*859  at  12°.  By  oxidation 
with  chromate  of  potassium  and  sulphuric  acid,  it  is  converted  into  benzoic  acid. 
Chlorine  attacks  it  slowly,  with  evolution  of  hydrochloric  acid,  and  ultimately  converts 
it  into  a  viscid  mass  which  exhibits  no  trace  of  crystallisation.  By  fuming  nitric  acid  it 
is  converted,  with  great  evolution  of  heat,  into  nitrophenyl-amyl,  C"H'*(NO'), 
which  separates  as  an  oil  on  addition  of  water,  and  cannot  be  distilled  without  decom- 
position. A  certain  quantity  of  dinitrophenyl-amyl  is  however  always  formed  at 
the  same  time,  and  in  greater  proportion  as  the  temperature  is  allowed  to  rise  higher. 
Nitrophenylamyl  is  easily  reduced  by  tin  and  hydrochloric  acid,  yielding  a  base  in  the 
form  of  a  white  flocculent  precipitate,  which,  on  exposure  to  the  air,  quickly  assumes  a 
dark  blue  colour  and  decomposes. 

Phenyl-amyl  dissolves  easily  at  a  gentle  heat  in  very  strong  or  in  faming  sulphuric 
acid,  forming  a  sulpho-acid,  C"H**SO',  which  when  neutralised  with  barytie 
carbonate,  yields  a  bariumsalt,  G*'H"'Ba"S'0*,  crystallising  with  great  facility  in 
long  capillary  silky  needles,  sparingly  soluble  in  cold,  somewhat  more  solnble  in  hot 
water.  The  potassium-salt,  C"H'*KSO',  prepared  from  the  barium-salt  by  double 
decomposition,  forms  a  radio-crystalline  mass  very  soluble  in  water  and  in  aloohoL 
The  free  acid  separated  from  the  barium-salt  by  sulphuric  acid,  solidifies  in  vacuo  to  a 
radio-ciystalline  mass,  which  deliquesces  very  quickly  on' exposure  to  the  air,  but  forms 
a  crystalline  compound  with  a  laiger  quantity  of  water.  It  is  a  very  stable  compound, 
melts  when  heated,  and  decomposes  only  at  a  much  higher  temperature.  Its  aqueous 
solution  may  be  boiled  for  a  long  time  and  evaporated  to  a  thick  syrup  without  decom- 
position. On  adding  chloride  cf  barium  to  a  dilute  solution  mixed  with  hydrochloric 
acid,  the  large  needles  of  the  barium-salt  are  deposited  in  a  few  seconds.  Ch  oride 
of  calcium  forms,  only  in  a  concentrated  solution  of  the  acid,  a  precipitate  which  dis- 
solves on  heating  the  liquid,  and  separates  as  it  cools  in  shimng  crystalline  scales. 
Nitrate  of  silver  forms,  even  in  a  somewhat  dilute  solution  of  the  add,  a  white  precipi- 
tate which  dissolves  in  hot  water,  and  czystaUises  therefrom  in  large  shining  needles. 

OH'O') 
PHSXrT&-A»rX8AllCZ]>B  or  Anisanilide,  C<*H»KO*   »  CK*     >N.— Obtained 

H   y 

by  the  action  of  chloride  of  anisyl,  CH'O'Cl,  on  aniline.  Ciystallises  from  alcohol  in 
slender  needles  which  sublime  at  a  gentle  heat.  (Ca hours,  Ann.  Ch.  Phys.  [3]  xxiii. 
353.) 

PKgygTfAHBHWAMTO    ACXB.      C*H*AsNO*    -  (AsO)*'  Vq,  or  perhaps 

(As0^y?-Q  (B^champ,  Compt.  rend.  Ivi.  1172). — When  the  product  obtained  by 

H  y 
heating  arsenate  of  aniline  is  treated  with  a  solution  of  sodic  carbonate,  carbonic 
anhydride  is  evolved,  and  a  viscid  precipitate  is  formed,  consisting  of  aniline  and  colour- 
ing matters,  and  the  filtered  solution,  when  evaporated  and  mixed  with  nitric  acid, 
deposits  phenyl-arsenamic  acid,  which  may  be  rendered  colourless  by  crystallisation 
from  water,  with  addition  of  animal  charcoal.  It  is  decomposed  by  heat,  dissolves 
without  alteration  in  alkalis,  but  is  decomposed  by  fusion  with  alkalis,  into  aniline  and 
an  alkaline  arsenate :  it  decomposes  carbonates,  forming  crystalline  salts.  The  sodium- 
salt,  CH^AsNO',  and  the  potassium-salt  crystallise  in  rectangular  prisms ;  the  barium- 
salt  in  oblique  prisms.  The  silver-salt  is  anhydrous  and  likewise  ciystallisable.  The 
lead-  and  copper-salts  are  bulky  precipitates. 

FBSVTXi-BBVZAJICZBllS.  Amides  containing  benzoyl  and  phenyl  or  its 
derived  radicles. 

Vbenyl-benmamlde  or  SenxaiilUde,  C^iH^NO  =  CH^OVN.    (Gerhard^ 

H    ) 
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Ann.  Ch.  Pliys.  [3]  zxiyjL  827.)'I^i^aced  by  the  action  of  chloride  of  benaojl,  or  of 

benzoic  anhydride,  on  aniline : 

CH*Oa       +       (?H».H*.N      -        (C^»XC^*0)HN      +     Ha 
(C'H»0)»0    +    2(C«H».H«.N)     -     2[(C»H»)(CHK))HN]     +      H«0. 

The  product  obtained  by  either  of  these  reactions  is  washed  with  water  and  the  residue 
is  purified  by  recrystallisation  from  boiling  aloohoL 

Phenyl-benzamide  crystallises  in  shining  scales  insoluble  in  water.  Heated  with  meltine 
potash,  it  is  resolved  into  aniline  and  benzoate  of  potassium.  When  heated  with  chloricU 
of  benzoyl^  it  gires  off  hydrochloric  acid  and  is  converted  into  phenyl-dibenzamide. 

Phent/l-nitrobemamide  or  NitrobetuanUide,  (C«H»)rC'H*(NO«)0]HN,  ap- 
pears to  be  formed  by  the  action  of  aniline  on  chloride  of  nitrobenzoyl  (i.  668).  The 
action  is  attended  with  great  rise  of  temperature  and  evolution  of  hydrochloric  add, 
and  the  product  is  a  solid  body,  which  crystallises  from  alcohol  in  shining  needles. 
(Bertagjoini,  Ann.  Ch.  Fharm.  Ixxix.  269.) 

Vbenyl-dibeBsamide  or  Bibensanllide,  C^'H'^NO*  =  (C'H^O?!^'    ^^^^ 

hardt  and  Chiozza,  Gompt  rend,  xzxvii.  90.)— Prepared  by  heating  phenyl- 
benzamide  with  chloride  of  benzoyl,  removing  the  excess  of  the  latter  with  carbonate 
of  sodium,  and  reczystaUising  the  residue  from  boiling  alcohol.  It  forms  slender 
shining  needles,  sometimes  grouped  in  rounded  grains.  It  is  but  slightly  soluble  in 
cold  alcohol  of  ordinary  strength. 

BlpHenyl-lieiuuunide,   C^'Hi^NO     «=     ^C^»o(^'     (Hofmann,  Ann.    Ch. 

Pharm.  cxzxii.  166.) — ^Produced  by  heating  chloride  of  benzoyl  with  diphenylamine. 
It  is  a  thick  oil  which  solidifies  in  the  crystalline  form  on  cooling.    By  washing  with 
water  and  rectystallisation  from  boiling  alcohol,  in  which  it  is  but  slightly  soluble, 
it  is  obtained  in  fine  crystals. 
When  treated  with  cold  nitric  acid  of  ordinary  strength,  it  is  converted  into 

C«H»  ] 

phenyl-nitrophenyl-benzamide,  CH^NO*)  f N,  a  light  yeUow,  easily  cnrstal- 

C^HK)        >  . 
lisiug  compound,  which  dissolves  with  scarlet  colour  in  alcoholic  soda,  and  is  thereby 
resolved  into  benzoic  acid  and  splendid  yellow-red,  neutral  needles  ofphenyl-nitro- 

CH* 
phenylamine  or  nitrodiphenylamine^    C*H\NO')! 


•H»  ) 

^XNO«)JN. 


If,  on  the  other  hand,  diphenylbenzamide  be  treated  with  the  strongest /timtn^  nitrie 
acid,  a  solution  is  formed  m>m  which  water  precipitates  a  deep  yellow  ciystalline  mass 

consisting  of  dinitrodi phenyl-benzamide,     nvHH)  (^'  which  dissolves 

in  alcoholic  potash,  forming  a  solution  of  a  splendid  crimson  colour,  which  on  addition 
of  water  deposits  a  yellow  ciystalline  powder,  while  potaasic  benzoate  (?)  remains  in 
solution. 

The  yellow  powder,  when  crystallised  from  alcohol,  yields  reddish-yellow  needles 

with  bine  metallic  reflex,  consisting  of  dinitro-diphenylami  ne,  ^    ^  v       ^->  >N. 

»1kenjl«tol7l-beiixamide  or  Plieiijl«beiisyl-beiixaiiiide»  C^'H^NO  - 
C«H»   ) 

C^H'  >N.  (Hofmann,  Ann.  Ch.  Pharm.  cxxxii.  293.)— Produced  by  the  action  of 
CH»0> 

chloride  of  bensoyl  on  phenyl-tolylamine  (p.  454).  The  action  is  brisk,  and  the  pro- 
duct remains  fluid  for  a  long  time,  but  when  treated  with  water,  alkali,  and  alcohol,  it 
ultimately  solidifles,  and  when  dissolved  in  boiling  alcohol,  separates  in  well-developed 
crystals  which  are  more  soluble  than  diphenyl-benzamide. 

Phenyl-tolyl-benzamide  is  more  easily  attacked  by  nitric  acid  than  the  diphenyl- 
compound.  On  treatine  it  with  ordinary  strong  nitric  acid,  the  crystals  immediately 
become  fluid ;  and  if  tne  addition  of  nitric  add  be  continued  till  they  dissolre,  and 
water  be  then  added  to  the  solution,  a  yellow  crystalline  precipitate  is  formed  consisting 

CH^NO')) 
of  dinitrophenyl-tolyl-benzamideC'H«(NO0>N,  which  crystallises  from boU- 

C'H»0    ) 
ing  alcohol  in  small  yellowish-red  needles.    This  compound  dissolves  with  faint  carmine 
colour  in  alcoholic  soda,  being  thereby  deprived  of  its  benzoyl-atom,  and  converted  into 

C**(NO«)) 
dinitrophenyl-tolylamine,  C'H«(NO«)VN. 
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Duutarophenyl-tolyl-benzainide  treated  with  redoeing  agents  is  oonrerted  into  a  baoc 
compound  which  crystallises  in  beautiful  white  needles. 

Fuming  nitric  acid  conyerts  phenyl-tolyl-benzamide  into  a  nitrated  amide  which 
appears  to  contain  6  at  NO'. 


>T1,  C"H'»0  =  C«H».C'HK).— This  body,  the  ketone  of 
benzoic  acid,  has  been  already  described  as  Bbnsomb  or  Bbnzophbkoxb  (i.  562).  It 
was  discovered  by  P^ligot,  and  has  been  further  examined  by  Chancel,  and  re- 
centlv  byLinnemann  (Ann.  Ch.  Pharm.  czxxiii.  1 ).  It  crvstalliseSy  according  to  H a n - 
del,m  orthorhombic  prisms  exhibiting  the  combination  Poo  .Poo  .  ooP.^Pao.P.oP. 
Ratio  of  principal  to  secondary  axes  s  1  :  0*8496  :  0*6535.  Angles  ooP  :  ooP  « 
80^  42'  and  99°  18'.  It  melts  at  48*'  to  48*5°  and  boils  at  295^^  under  a  pressure  of 
0*741  mm.  (compare  ChanceFs  determinations,  i.  562).  Vapour-density,  obs.  =  6*22 
(Linnemann);  calc.  (2  vols.)  «  6*28. 

Benzophenone  heated  with  excess  of  bromine  in  sealed  tubes  to  150^,  is  converted, 
with  separation  of  hydrobromic  acid,  into  a  brominated  compound  containing  41*39 
per  cent  carbon,  2*08  hydrogen  and  52*18  to  52*23  bromine,  probably  therefore 
(?*Hi»BrK)*  which  re(}uires  41*10  carbon,  1*97  hydrogen,  52*70  bromine  and  4*21 
oxygen.  It  dissolves  in  boiling  alcohol,  and  separates  on  cooling  as  a  snow-white 
silky  mass  composed  of  microscopic  needles.  It  melts  at  125°,  cannot  be  distilled 
without  decomposition,  and  yields  with  sodium-amalgam  an  oil  free  from  bromine. 
(Linnemann.) 

Benzophenone  treated  in  alcoholic  solution  with  sulphuric  acid  and  fine,  is  converted 
by  the  nascent  hydrogen  into  benzopinacone,  a  substance  related  to  benzophenone 
in  the  same  manner  as  pinacone,  C^H'^0',  to  acetone: 

2C»«H»»0     +     H«      -      C*H«0«. 
BeuBophenooe.  BaoBopinacono. 

The  benzopinacone  is  very  slightly  soluble  in  alcohol  and  is  deposited  on  the  zinc  in 
the  form  of  a  white  crust  (see  PmACONS.) 

When,  on  the  other  hand,  benzophenone  dissolved  in  alcohol  is  treated  with  sodium- 
amalgam,^  different  reaction  takes  place,  resulting  in  the  formution  of  benzhydrol, 

C"H"0   »      H     t  ^*  ^  monatomie  alcohol  capable  of  exchanging  its  typic  hydrogen 
for  alcohol-  and  add-radides: 

C«H"0  +  H«    -     C'»H'K). 

Beaalij-droL  This  body  is  sparingly  soluble  in  ioater^  1  part  of  it  requiring  fur 
solution  2000  pts.  of  water  at  20° ;  but  in  alcohol,  ether,  chloroform,  benrene  or  etdphide 
of  carbon,  it  dissolves  with  facility,  and  crystallises  therefrom  in  groups  of  slender  silky 
needles.  It  dissolves  in  alkaline  liquids  more  easily  than  in  pure  water;  a  concentrated 
solution  of  caustic  potash  saturated  with  benzhydrol,  deposits  the  compound  in  the 
crystalline  form  on  addition  of  water  or  neutralisation  with  an  acid.  Benzhydrol 
melts  between  167 '5°  and  168^,  and  boils  between  297°  and  298°  under  a  pressure 
of  748  mm. 

Benzhydrol  heated  with  dilute  aqueous  chromic  acid,  is  reconverted  into  benzophenone. 
Fuming  nitric  acid  converts  it  into  dinitrobenzophenone,  C"H'(NO')'0,  which 
crystallises  from  boiling  alcohol  in  needles  having  a  faint  chamois-colour  and  melting  at 
129°.  With  bromine  it  yields  dibromobenzhydrol,  C'"n'*Br*0,  which  crystallises 
from  alcohol  in  a  light  mass  of  white  microscopic  needles  becoming  soft  at  about  158° 
and  melting  at  163". 

Benzhydrol  is  resolved,  partially  by  distillation  or  by  heating  to  300°  in  sealed  tubes, 
and  completely  by  prolonged  boiling  under  the  ordinary  pressure,  into  water  and 
benzhydrolic  ether,  C««H*»0  -  2C'"H»K)  -  H*0.*  The  same  dehydration, 
resulting  in  the  formation  of  benzhydrolic  ether,  is  effected  by  the  action  of  chloride  or 
iodide  of  phosphorus. 

Benzhydrolic  tther  separates  from  solution  in  boiling;  alcohol  in  plumose  tufts  of 
microscopic  crystals ;  it  dissolves  easily  in  benzene  and  separates  therefrom  by  spon- 
taneous evaporation  in  very  small  but  distinct  crystals ;  and  by  immersing  one  of  these 
in  the  solution  during  evaporation,  laiger  crystals  may  be  obtained  which  exhibit  the 
form  of  monoclinic  prisms,  +  P  .  —  P  ,  —  P J  .  (  ooPoo  )  .  ooPoo .  Batio  of  clino- 
diagonal,  orthodiagonal  and  principal  axes  *  0*6820  :  1  :  0*523.  Angle  of  inclined 
axes  Si  81°  25'.  It  melts  at  111°,  remaining  liquid  for  a  long  time  after  cooling ; 
begins  to  volatilise  above  300°  and  boils  at  315"^  under  a  pressure  of  745  mm.      It 

•  Thb  is  the  first  known  InsUnce  of  the  conversioii  of  a  monatomie  alcohol  into  the  corretpooding 
auhjrdrid*  or  ether  by  the  action  of  beat  alone. 
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diflBolres  in  fummg  mine  add,  mud  is  deeompoaed  tfaereb/on  heatiii^  yioldiqg  m 
nitrogeiKras  pfodnet;  also  in  strong  mipkmrie  mda. 

Bctukydroiie  EtJ^flaie,  q^«  >0,  isprodoeed  bj  miziug  a  aoliition  o£  benshjdrol 

in  absolute  alcohol  vith  ^tb  of  its  Tolnme  of  strong  snlphniie  acid,  aroiding  lise  of 
tempentnre,  and  leaTing  the  liquid  to  itadf  for  sereral  days.  On  tben  adding  water, 
the  ether  separates  as  an  oQ,  which  may  be  jmrified  bj  washing  with  dilate  potash  and 
with  water,  and  subsequent  rectification.  It  is  an  inodorous  syrupy  liquid,  of  specifio 
gravity  1*029  at  20°,  and  boQing  at  183°  under  a  pressure  of  736  nun.  It  is  strongly 
refnctiye^  and  when  newly  {nepand  quite  colourless ;  but  by  exposure  to  diffused  day- 
light  for  some  time,  or  to  direct  sunshine  for  a  few  seconds,  it  becomes  colourra, 
M>pearing  of  a  fine  green  colour  by  reflected  and  faintly  yellow  by  transmitted  light. 
The  colour  is  destroyed  by  leaving  the  liquid  Ibr  some  time  in  the  dark,  or  by  gentle 
heating,  or  by  agitation,  but  may  be  restored  by  exposure  to  light  After  keeping  for 
a  few  months,  however,  the  colour  disappears  altogether,  and  is  no  longer  restored  even 
by  exposure  to  bright  sunshine.  In  eitner  state.  Vie  liquid  exhibits  strong  fluorescence 
when  a  beam  of  light  is  transmitted  through  it  in  a  dark  room,  the  emeigent  light 
being  of  a  bright  light  blue  colour.  Benzhydrolie  ethjlate  dissolves  in  twenty  times 
its  volume  of  akokol  of  80  per  cent.,  and  in  all  proportions  of  ether  and  bensme.  It  is 
not  altered  by  distillation  with  concentrated  hydriodic  acid.  When  fbaed  with  potash 
it  gives  off  a  eas  bumine  with  a  smol^  flame,  and  is  converted  into  an  acid  which 
is  precipitated  on  nentraDsing  the  alkali  with  hydrochloric  acid,  but  ledissolves  with 
£Mnlity  in  caustic  potaah  or  carbonate  of  potassium. 

Bauhydroiic  Acetaie,CP*B}H>*  -  ^i^|o.— Produced  by  boiling  benihydrol  fbr 

several  hours  with  glucial  acetic  acid.  It  is  precipitated  by  water  and  purified  like 
the  preceding  compound.  It  is  an  inodorous  viscid  liouid  of  specific  gravity  1*49  at 
20°,  colourless  when  first  prepared,  but  afEected  by  lig^t  exactly  in  the  same  manner 
as  the  ethyl-compound.     It  remains  liquid  at  150°,  boils  at  301 — 302°  under  a 

Sressure  of  731  mm. ;  dissolves  easily  in  alcohol^  ether ^  and  benzene.    Alcoholic  potash 
ecomposes  it,  even  at  ordinary  temperatures,  into  aoetie  acid  and  benihydroL 

Benzhydrolie  Benzoate,  nisH"  [  ^' — ^^^oduced  by  fusing  8  pts.  benshydrol  with 

2  pts.  bensoic  acid,  continuing  the  heat  till  the  mass  begins  to  boil  quietly,  dissolving 
the  cooled  product  in  ether,  agitating  with  potash,  and  evaporating.  The  residue  is 
then  pulverised,  washed  with  alcohol,  dissolved  in  ether,  and  the  solution  is  mixed 
with  an  equal  volume  of  alcohol  and  left  to  evaporate.  This  compound  is  not  produced 
by  treating  benshydrol  with  chloride  of  benzoyl,  which  indeed  acts  just  like  chloride 
of  phosphorus,  producing  nothing  but  benzhydrolie  oxide. 

Benznydrolic  benzoate  forms  trimetrie  crystals  in  which  the  principal  is  to  the 
secondary  axes  as  1  :  0*4770  :  0*6682.  They  are  usually  four-sided  prisms,  ooP,  with 
angles  of  51°  and  129°,  and  terminated  by  a  brachydome  Poo  with  angles  of  67° 
30*  and  112°  30'.  It  melts  between  87*5°  and  89°;  dissolves  easily  in  ether  hnd 
benzene,  sparingly  in  cold,  more  easily  in  hot  alcohol.  It  is  decomposed  by  distillation, 
leaving  a  carbonaceous  residue  and  yielding  a  distillate  containing  benzoic  acid,  ben- 
zoic anhydride,  an  oily  body  slightly  soluble  in  cold  alcohol,  and  a  small  quantity  of 
a  hydrocarbon,  CH'*.  By  evaporation  with  alcoholic  potash-^uiion,  it  is  completely 
resolved  into  benzoic  add  and  benzhydrol. 

Benzhydrolie  Succinate,  C"H"0«  -  |^]^„T |o'. -Produced,  similariy  to  the 

preceding,  by  fVising  an  intimate  mixture  of  80  pts.  benzhydrol  and  9  pts.  succinic 
acid.  It  separates  from  boiling  alcohol  as  a  very  light  mass  of  small  shining  scales ; 
melts  at  141°— 142°,  and  solidifies  on  cooling  to  a  transparent  amorphous  mass, 
immediately  becoming  crystalline  when  gently  heated.  It  is  insoluble  in  water, 
sparingly  soluble  in  cold  tucohol,  ether,  and  benzene^  more  easily  when  heated.  It  bums 
with  a  smoky  flame,  leaving  no  residue.  By  alcoholic  potash  at  the  boilinff  heat,  it  is 
completely  resolved  into  succinic  acid  and  benzhydrol.  Bpr  distillation  it  is  partly 
resolved  into  succinic  add  and  a  hydrocarbon  C"H'*,  which  may  be  c^ed  benz- 
hydrolene: 

C"H*0*     -    C*H«0*  +  2C»"H'*. 

Another  kind  of  decomposition  appears,  however,  to  take  place  at  the  same  time,  fbr 
the  quantity  of  benzhydrolene  obtained  is  but  small,  and  it  is  accompanied  by  a  con- 
siderable quantity  of  an  oily  product. 

To  prepare  benzhydrolene,  benzhydrolie  succinate,  or  a  mixture  of  sucdnio  acid 
and  benzhydrol  is  repeatedly  distilled ;  the  semisolid  distillate  is  freed  from  liquid 
products  by  cold  alcohol,   from  sncdnic  acid  by  potash,  and  from  nndecomposcd 
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beuzfaydrolic  succinate  by  treatment  with  alcoholic  potash,  and  the  residual  product  is 
crystallised  from  boiling  benzene.  It  is  also  produced,  as  already  observed,  by  the 
d^  distillation  of  benzhydrolic  benzoate. 

Benzhydrolene  melts  at  209^ — 210°.  It  is  nearly  insoluble  in  cold  alcohol,  and  only 
slightly  soluble  in  boiling  alcohol,  from  which  it  is  deposited  in  small  needles  on 
cooling.  It  dissolves  sparingly  also  in  ether,  but  easily  in  hot  benzene,  whence  it 
crystallises  for  the  most  part  on  cooling.  It  does  not  combine  with  picric  acid. 
(Linnemann.) 

PHainrXi*B»irgTTi  ft  mi  l  wm.  Syn.  with  Phbnti.-tolti.aiiimb,  or  TorTL- 
AMlLiini  (p.  464). 

PBBVTIi-BMHrXTUlM AMJJi  Mf  or  rather  Dn»ium  YL-DiHKNzii.BNB'PiAinNB  or 

DiFHSNTL-DiTOLTLBifB-DiAMXKB,  (CH')*(C'B!')'N*  (see  page  458). 

(ATXar.    See  FHENTL-mxsATnvs  (p.  485). 

C"H>«NO  «  C«H»    In.  (Gerhardt,Ann,Ch. 

Fhys.  [3]  xxxviL  329.) — ^Produced  by  the  action  of  aniline  on  butyric  anhydride  or 
chloride  of  butyirL  It  is  insoluble  in  water,  but  easily  soluble  in  alcohol  and  ether, 
and  crystallises  from  weak  boiling  spirit  in  beautifid  nacreous  laminae.  It  melts  at 
90°,  and  distils  without  alteration.  It  is  scarcely  attacked  by  boiling  potash-ley,  but 
gives  off  aniline  when  fused  with  hydrate  of  potassiuuL 

PKZim-OA&8AMIC  ACIB.    See  CABBAiac  Acm  (i  761). 

PBBKTlb-CAiUiAMZBSS.     See  Cabbaiosb  (i.  766). 

PBBVTXr-CBTYXhAMZirB  or  Cetylaniline,     (See  Phxnylaminbs,  p.  450.) 

PHSVT&-CB&0&ZMB8ATnr.    See  Fhbkyldczsatiks  (p.  485). 

PHgmra-CHliOaOOTAWAIMnnDa,     See  Phbntlamines  (p.  442). 

See  CoisrAKXDB  (i.  989). 

lOOVAMIBBS.    See  Citbaconic  Acid,  Axidbs  of  (i.  993). 

See  CrrBic  Acid,  Amides  of  (i.  1000). 

See  PHENTLAXDnss  (p.  454). 

C'H^. — ^A  liquid  having  this  composition  aiid  boiling  at  91^  was 
found  by  Church  (p.  415)  among  the  products  of  the  custUlation  of  phenyiic  chloride 
with  sodium-amalgam. 

PBBWTXABB-BZAlinarB.     0^17*  -    ^^^)  (n*.  (Hofmann,Proc.Boy. 

Soc.  zi.  618 ;  ziL  639.) — This  base  is  obtained  by  the  action  of  reducing  agents  on 
nitraniline: 

C^«(NO«)N  +  H«     -     C^»N«  +  2H»0, 

and  exhibits  the  isomeric  modifications  a  and  /3,  according  as  it  is  produced  from  a-  or 
/3-nitraniline. 

Alpha-phenylene- diamine  is  easily  prepared  by  the  action  of  ferrous  acetate  on  a- 
nitraniline,  or  by  the  prolonged  action  of  the  same  reagent  on  dinitrobenzene,  that 
compound  being  converted,  first  into  nitraniline,  and  then,  by  a  continuation  of  the 
same  action,  into  phenylene-diamine : 

C«H*NO«>  <?H<NOV  C«H«NH«> 

NO«J  NH«(  NH«i 

Dinitrobeniene.  NUraniliue:  Phenjleae-diamine. 

The  substance  called  semibenzidam,  which  Zinin  (J.  pr.  Chem.  xrriii.  44) 
obtained  by  the  prolonged  action  of  sulphide  of  ammonium  on  dinitrobenzene,  some- 
times in  brown  flakes,  sometimes  as  a  yellow  resin,  exhibiting  the  composition  C*H*N*, 
was  propably  impure  a-phenylene-diamine. 

Beta-phenylene-diamine,  the  product  of  the  reduction  of  i3-nitraniline  (obtained  from 
nitrophenyl-acetaroide,  &c.,  p.  418),  may  also  be  prepared  by  two  other  processes,  viz., 
a.  By  the  action  of  ferrous  acetate  on  dmitsraniline : 

C-H»(NO«)*N  +  7H«     -    C«H»N«  +  NH»  +  4HK) 

h.  By  the  action  of  zinc  and  sulphuric  acid,  or  other  powerful  reducing  agents,  on  dini- 
truzobenzene  (i.  478),  or  dipnenine,  CH'N*  (ii.  336),  which  is  the  first  product  of  the 
same  kind  of  action  on  dinitrazobenzene: 

C"H«N«^NO«)»  +  6H»     -     4H*0   +  2C«H«N*. 
Dtuitraiobeczcne.  DiphcnliM. 
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OH«N«    +    H«    -    C«fl«N«. 

Dipbenine.  Phenyleue* 

diamine. 

Proneriies. — ^Alpba-phenylene-diamine  when  freshly  distilled  is  a  slightly  coloured 
heavy  ^oil  which,  hke  aniline,  has  a  tendency  to  assume  a  brown  colour  on  exposure 
to  the  air.  It  often  remains  liquid  for  days,  and  then  sradually  solidifies  to  a  mass  of 
crystals  which  become  hard  and  white  by  washing  with  ether.  It  me]ts  at  63°,  boils 
at  near  287^«  and  distils  without  decomposition.  It  is  very  soluble  in  water  and  in 
alcohol,  forming  solutions  which  have  a  distinctly  alkaline  reaction;  much  less  soluble 
in  ether, 

'Beta-phenylene-diamine  crystallises  much  more  readily  than  the  a^base.  It  melts 
at  140^,  boils  at  267^,  and  sublimes  even  below  its  boiling  point,  in  splendid  crystalline 
plates  resembling  pyrogalUc  acid. 

A  solution  of  ]B-phenylene-diamine  in  sulphuric  acid  mixed  with  peroxide  of  man- 
ganese yields  qui  none,  which  distils  over  on  heating  the  mixture  and  crystallises  in 
the  receiver : 

C«HT^  +  2H«Sa«  +  Mn'O*    -    C«H*0«  +  Mn'SO*  +   (NH*)«SO«. 
^•ph«B7l•  Quloona. 

•Qa-diamme. 


Alpha-phenylene-diamine  when  similarly  treated  evolves  a  faint  odour  of  quinone, 
but  aoes  not  yield  crystals. 

Both  modifications  of  phenylene-diamine  are  di-acid  and  form  salts  which  crystallise 
easily  and  welL  The  /3-salts  are  more  soluble  than  the  o-salts.  /S-phenylene- 
diamine  and  its  salts  are  remarkable  for  the  facility  with  which  they  are  converted 
into  violet  and  blue  compounds  under  the  influence  of  oxidising  agents,  such  as 
chlorine,  bromine,  chromic  acid,  ferric  and  platinic  chloride,  ^c^The  salts  of  both 
modifications  are  easily  decomposed  by  the  fixed  caustic  alkalis,  the  $  base  crystallising 
immediately,  whereas  the  a  base  separates  in  oily  globules  which  only  gradually 
solidify.  The  base  is  also  separated  from  its  salts  by  ammonia,  but  redissolves  in 
excess,  forming  a  solution  which  gradually  turns  brown  ai^d  decomposes.    This  may 

ferhaps  explain  why  the  diamine  cannot  be  conveniently  obtained  £rom  dinitrobensene 
y  reduction  with  sulphide  of  ammonium. 

Hydrochlorate  of  a-phenylefie-diamine,  C«H»N*.2HC1  or  rC«H*fH«N«a«,  is  very 
soluble  in  water,  but  crystallises  easily  from  concentrated  nydrochloric  acid.  The 
fi-hydrochlorate  is  also  extremely  soluble  in  water,  sparingly  in  hydrochloric  acid,  and 
crystallisea  in  large  prisms.  The  orchloroplatinate,  CH**N'Cl'.Pt^''Cl\  crrstallises  in 
splendid  needles.  The  fi-salt  of  the  same  composition  forms  light  yellow  plates 
extremely  soluble  in  water  and  easily  decomposed  by  heat 

The  ^hydroltromaU,  C*H'N'.2HBr,  resembles  the  hydrochlorate  in  every  respect. 
The  a'hydrobromate  and  a-hydriodate  separate  immediately  in  crystalline  masses  on 
bringing  the  base  in  contact  with  the  respective  acids ;  thev  crystallise  splendidly  from 
water  and  more  especially  from  aloohoL  The  nitrate,  oxalate,  and  sulphate  also  crys- 
tallise welL 

Both  Or  and  i3-phenylene-diamine  are  readily  attacked  by  the  alcoholic  iodides.  By 
alternate  treatment  with  iodide  of  methyl  and  oxide  of  silver  ^or  distillation  with  soda) 
twice  repeated,  and  one  more  treatment  with  iodide  of  methyl,  each  base  yields  a  well 

erystaUised  iodide  containing  C"H«N*I>   »   (^^inN*.2CH'I,  or  iodide  of  hex- 

Riethyl-phenylene-diammonium    f /nH*V*!^  j'^'*    crystallising  in   plates 

extremely  soluble  in  water,  less  soluble. in  alcohol.  It  exhibits  the  same  properties 
whether  prepared  from  a-  or  from  /9-phenylene-diamine,  excepting  that  the  $  compound 
is  the  more  soluble  of  the  two. 

Intermediate  compounds  may  of  course  be  obtained  by  stopping  the  action  at  an 

earlier  stage.      /9-tetramethyl-phenylene-diamine,  /nQixif^*!  treated  with  methylio 

iodide  yields,  before  being  converted  into  the  hexmethylated  compound  above  men* 
tioned,  a  rather  difficultly  soluble  pentamethylated  iooide  containing  G*'H'*N'I  ■» 

(Qaty  [  N*.Ofl*I ;  and  this,  when  treated  with  hydriodic  acid,  is  converted  into  the 

di-iodide     of    pentamethyl-phenylene-diammonium,     G"H''N'P      mm. 

Jkrioatives  qf  Phenylene-diamine, 

irtlropbeBjtoae-dtaaiiiiet  C'H'N'O*  -  ^^^^^^^^^'In*.  Azophenylamins 
Vol.  IV.  II 
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(Gottlieb).  NitraeophenyJamine  (Gerhardt). — ^This  compound,  discovered  by 
Gottlieb  (Add.  Gh.  Pharm.  Ixxxr.  27),  is  produced  bj  the  action  of  sulphide  of  am- 
monium on  dinitraniline : 

C^»(NO»)«N  +   8H»S     «     C«H'N»0«  +    2H*0  +  S«. 

When  dinitraniline  is  boiled  for  about  two  hours  with  a  lai^e  excess  of  solution  of 
sulphide  of  ammonium,  the  liquid  acquires  a  dark  red  colour,  and  the  crystals  of  dini- 
traniline disappear,  being  succeeded  by  a  network  of  delicate  shining  dark  rod  needles, 
which  gradually  increase  in  quantity,  and  are  likewise  abundantly  deposited  after  the 
action  is  completed  and  the  liquid  has  cooled.  The  compound  is  obtained  pure  by 
precipitating  it  from  the  hydrocnlorate  or  oxalate  purified  by  seyeral  aystallisationsy 
and  then  recrystallising  it  two  or  three  times  from  hot  alcohol 

Nitropbenylene-diamine  crystallises  in  groups  of  long  slender  needles  having  a  slight 
rod  colour  when  dry,  and  exhibiting  a  golden  iridescence  on  their  broader  faces. 
When  separated  'by  ammonia  from  a  saturated  solution  of  one  of  its  salts,  it  takes 
the  form  of  a  dull  brick-red  powder;  but  dilute  solutions  deposit  it  in  small,  reddish- 
yellow,  shining  plates.  It  melts  at  a  high  temperature  ana  volatilises  in  great  part 
without  decomposition,  forming  a  woolly  sublimate.  When  suddenly  heated,  it  explodes 
slightly,  leaving  a  residue  of  charcoal.  It  dissolves  readily  in  water,  alcohol  and 
ether,  forming  deep  red  solutions. — Nitrous  octcf  converts  it  into  azonitropheny- 
lenic  acid  (p.  484). 

It  combines  with  acids^  forming  mono-acid  salts  which  are  decomposed  by  water  and 
by  alcohol,  with  separation  of  the  base  :  hence  in  preparing  them,  it  is  necessary  to 
let  them  crystallise  in  presence  of  an  excess  of  acin. 

Sulphate  of  Uitrophenyline'diamine,  (C"H'N*0*/H'SO*,  is  obtained  by  dissolving 
the  base  in  warm  dilute  sulphuric  acid,  and  separates  on  cooling  in  yellowish  scales, 
having  a  fatty  lustre  and  containing  8*20  per  cent,  sulphur. 

A  mixture  of  ^e  solution  of  this  salt  with  sulphate  of  alumina,  does  not  yield  any 
double  salt  when  left  to  evaporate. 

The  HydroehloraU,  C"H'N'0».HC1.H«0,  may  be  prepared  by  boiling  the  crude  base 
with  dilute  hydrochloric  acid,  which  dissolves  it^  leaving  only  a  residue  of  sulphur  and 
a  secondary  product  of  a  dull  green  crystHlline  aspect,  part  of  which  also  passes  into 
the  solution.  To  free  the  salt  completely  from  this  impurity,  it  must  be  repeatedly 
dissolved  in  boiling  dilute  hydrochloric  acid  and  recrystullised.  From  a  concentrated 
acid  solution,  it  separates  in  yellowish-brown  needles ;  from  a  dilute  solution  by  spon- 
taneous evaporation,  in  oblique  prisms  often  four  or  five  millimetres  in  4ength  and 
united  in  groups.  These  crystals  exhibit  a  light  brownish-green  colour  by  transmitted 
light,  and  a  peculiar  blue  iridescence  on  some  of  their  faces  by  reflected  light.  The 
acid  solution  has  a  greenish-brown  colour.  The  crystals  contain  1  at.  water  which 
they  give  off  at  100**,  or  in  vacuo  or  over  oil  of  vitriol  at  ordinary  temperatures.  At 
100^,  however,  partial  decomposition  takes  place  and  hydrochloric  acid  is  given  oC 

Chhroplatineite,  2(C«H'N»0«.HCl)PtCl<.— A  dilute  solution  of  the  hydrochlorate 
mixed  with  tetrachloride  of  platinum,  does  not  yield  a  double-salt,  the  platinum  being 
reduced  to  the  metallic  state  (Gottlieb);  but  on  adding  the  chloride  of  platinum  to 
a  concentrated  solution  of  the  hydrochlorate,  the  chloroplatinate  is  obtained  m  splendid 
long  brown-red  prisms.     (Hofmann,  Proc.  Roy.  Soc.  x.  499.) 

Cyanoplatinate,  2(C«H'N'0'.HCy).PtCy*.|H«0.— Obtained  by  adding  the  crystal- 
lised hydrochlorate  of  nitrophenylene-diamine  to  a  boiling  aqueous  solution  of 
platinocyanide  of  magnesium.  The  solution  separated  by  filtration  from  a  small 
quantity  of  dark  insoluble  matter,  gradually  deposits  a  mixture  of  the  cyanoplatinate 
and  the  free  base,  which  latter  may  be  removed  by  digestion  with  a  small  quantity  of 
dilute  hydrochloric  acid.  It  forms  large  laminae,  having  a  light  brownish-yellow  colour 
and  strong  lustre,  and  giving  of  their  water  at  112°.  They  cannot  be  recrystallised 
from  water  without  partial  decomposition. 

Nitrate^  C*H'N*0*.NHO'. — Warm  dilute  nitric  acid  readily  dissolves  nitrophenylene- 
diamine,  but  the  solution  soon  acquires  a  dark  colour  and  deposits  flukes,  indicating 
partial  decomposition.  The  pure  salt  may  however  be  obtained  by  moistening  the 
base  with  water,  and  pouring  dilute  nitric  acid  upon  it  by  small  portions :  it  is  then 
immediately  converted  into  a  thick  magma  of  micaceous  scales,  which  may  be  freed 
from  the  mother-liquor  by  pressure  between  paper.  The  salt  thus  prepared  is  anhy- 
drous, and  may  be  kept  for  months  over  oil  of  vitriol  without  losing  its  lustre. 

Oxalate,  2C%'N*0'.C'H*0*. — Obtained  by  dissolving  the  base  in  aqueous  oxalio 
acid.  From  concentrated  solutions  it  sepamtes  in  yellow  needles';  from  more  dilute 
solutions,  in  brownish -yellow  prisms,  exhibiting  a  bluish  iridescence  on  certain  faces. 
It  is  anhydroQS,  and  dinpolves  but  sparingly  in  cold  water. 

The  sulphate,  2C«II'N'0».  11*80*,  is  obtained  by  dissolving  the  bjise  in  warm  dilute 
sulphuric  add,  and  separates  on  cooling  in  yellowish  scales  having  a  fatty  lustre. 
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(C-O*)"      ) 
NiTBOPHBirrLBNE-oxAMiDB,  C"H»N»0*  «  [C«H"(NO*)]").N«     Oxalazophenylamide 

H»        j 
(Gottlieb)^     Nitrazophenyl-oxamide  (Gerhardt). — ^When  nitrophenylene-diamiDe 
is  dissolved  in  excess  of  oxalic  acid,  and  the  liquid  is  evaporated  over  the  water-bath,  a 
brownish-green  residue  is  obtained,  consisting  partly  of  nitrophcnjlene-oxidiamic  acid, 
and  partly  of  nitrophenylene-oxamide : 

C«H'N»0*C«H*0*     -     H*0       -      C"H'N«0» 

Acid  oxalate  of  Nitro-  Nitrophenjriene-oxi- 

l^lietiylene-diAiniDe.  diamic-acid. 


and:  CHWO*  -    H*0      »      C"H»N»0«. 

Nltrophenylene- 
oxamide. 

If  kept  for  some  time  at  100^  it  is  almost  wholly  converted  into  the  latter  compound, 
without  change  of  aspect.    (Gottlieb,  Ann.  Ch.  Pharm.  Ixxxv.  38.) 

H»[C«H>(NO»)]")  yr^ 

NiTHOPHiiNTLBOT-oxiDiAMic  AciD,    C*H'N*0*    «       (C^*)"  Vq.     Oxalago- 

phmylaimc  add  (Gottlieb).  NitrazophenyUoxamic  acid  (Gerhardt). — The  am- 
monium-salt of  this  acid  is  obtained  by  treating  the  brownish-groen  residue  above- 
mentioned  with  aqueous  ammonia.  It  is  sparingly  soluble,  and  crystallises  from  a*hot 
aqueous  solution  in  yellow  needles.  The  barium-salt^  C'*H'*Ba''N"0'».  311*0,  is  ob- 
tained as  a  light  orange-coloured,  sparingly  soluble,  crystalline  precipitate  on  mixing 
the  ammonium-salt  with  chloride  of  barium.  It  retains  3  at  water  at  100^  and  be- 
comes anhydrous  at  160*^.  By  decomposing  this  salt  with  hydrochloric  acid,  the  free 
acid  is  precipitated  in  small  light-yellow  grantdar  crystals.     (Gottlieb,  loc,  cit.) 

(C'H*)"  ) 
AsoplMByleiie-dlainliie«    C*H*N*      -  K'"     ^K",    or   Diazobenzdimide, 

H      3 

(C^*N»)  Kg     (GriesB,  Phil.  Trans.  1864,  [8]  682.)— This  compound  is  produced  by 
the  action  of  aqueous  ammonia  on  perbromide  of  azophcnylammonium : 
C«H»N''Br»     +     4NH"       -       C*H»N»     +     3NH*Br. 

The  action  is  attended  with  considerable  evolution  of  heat,  bromide  of  ammonium  passing 
into  solution,  and  azophenylene-diamine  separating  as  a  heavy  brown  oil,  which  may  be 
nearly  decolorised  by  repeated  distillation  with  water,  then  dried  over  chloride  of 
calcium,  and  finallv  redistilled  under  diminish^  pressure. 

Azophenylene-diamine  is  remarkable  for  its  narcotic  aromatic-ammoniacal  odour. 
It  volatilises  by  distillation  with  water,  or  when  heated  in  a  vacuum,  but  on  attempt- 
ing to  distil  it  under  the  ordinary  atmospheric  pressure  it  decomposes  with  explosivo 
violence.  It  is  not  solidified  by  a  frigorific  mixture  of  nitre  and  sal-ammoniac.  Alcohol 
and  ether  dissolve  it  with  some  difficulty.  Hydrochloric  acid  even  when  concentrated, 
and  aqueous  potash  have  no  action  upon  it  Strong  nitric  and  sulphuric  arids  dissolve 
it  without  decomposition.  Nascent  hydrogen,  generated  by  sine  and  sulphuric  acid  in 
an  alcoholic  solution  of  the  diamine,  reduces  it  to  aniline  and  ammonia : 

C«n»N»     +     H»      -       C«H»N     +     2NH". 

(C'H'Br)'" 
ABobromoplienyleBe-dtamliiey  CH*BrN'   »        N'"      VN*,  or  Diazobromo- 


N'"      VN«, 
H        ) 


benzdmide,  {^^"^^^Tl  n.    (Griess,  Phil.  Trans.  1864  [3]  700.)— Perbromide  of 

azobromo-phenylammoninm  (p.  437)  is  converted  by  aqueous  ammonia  into  a  yellowish 
oil  which  by  a  single  distillation  with  water  vields  pure  azobromophenylenediamine. 
This  compound  generally  forms  a  white  or  slightly  yellowish  mass  of  small  crystalline 
plates  which  melt  at  20^  to  a  heavy  oil.  It  is  insoluble  in  water,  rather  sparingly 
soluble  in  alcohol,  easily  soluble  in  ether  and  benzene.  It  distils  readily  in  presence 
of  water,  but  explodes  feebly  when  distilled  alone.  When  exposed  to  the  air  it  appears 
to  volatilise  gradually,  emitting  the  same  aromatic  ammoniacal  odour  as  azophenylene- 
diamine.  It  resembles  the  latter  moreover  in  its  behaviour  with  various  reagents ; 
caustic  potash,  hydrochloric  acid  and  bromine  have  no  action  upon  it;  strong  sulphuric 
and  nitric  acids  decompose  it  readily. 

Nascent  hydrogen  generated  b^  zinc  and  sulphuric  acid  in  an  alcoholic  solution  of  the 
diamine,  converts  it  into  bromaniline  and  ammonia : 

CTI*BrN»     +     H»       -       C'H'BrN     +     2NH«. 

ii2 
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By  acting  upon  perbromide  of  azobromopbenylammoniam  witb  etbylamine,  aniliiiey 
&&,  correepondiDg  substitution  products  of  azobromophenylene-diamine  are  obtained. 

Eihyl-aso-bromophenylme^diaminef        N'"      IN',  forms  a  yellowish  oil  which  does 

not  solidify  even  when  cooled  much  below  0^. 

(C-H'Br)"] 
The  corresponding  |>il«ray^^om|N>im(^       N**      Vn*,  forms  orange-yellow  oystals. 

C^»    ) 
(C^«Br»)'\ 
Aaodtlwpttmayifnjtena  ■dlMalna,         N*"       In*,  is  produced  by  the  action  of 

H        i 
aqueous  ammonia  on  perbromide  of  azodibromo-phenylammonium,  and  after  rRpeated 
crystallisation  from  alcohol,  forms  white  needles  which  melt  at  62°,  and  detonate  slightly 
dt  a  hipfher  temperature.    It  is  very  little  soluble  in  water,  more  soluble,  in  hot  alcoluJ, 
easily  in  ether.    (Griess.) 

(C^«C1)") 
JLmoeM«roplieiiytoiie-dlaiBlB««        W      vK*,  forms  easily  fbsible  crystals. 

H       j 
(C«H»ir) 
Aao-lodo-9lMiijl«iie-dlMiiliiOv       K'"      >^\  forms  yellowish-white  crystals 

H       j 
which  are  easily  fusible^  and  pass  orer  on  distillation  with  water  as  a  yellowish  oil 
which  soon  solidifies.    It  has  an  aromatic  ammoniacal  odour  like  that  of  the  analogous 
compounds  previously  described. 

[C'H^NO*)]") 
Aao-iiltr<MPbeiijtoiM-dlaiiiine«  C^^N^O*  -  N*^      VN'.    Diazonitro- 

H  j 
henrolimide.  (Griess,  Phil.  Trans.  1864,  [3]  708,  710.) — ^This  compound,  like  nitrani- 
line  and  all  its  other  deriyatiTes,  exists  in  two  isomeric  modifications,  which  are  obtained 
by  the  action  of  aqueous  ammonia  on  the  perbromides  of  a-  and  /3-azonitrophenylam- 
moniun.  The  a-compound  crystallises  in  orange-coloured  needles  which  melt  at  52**. 
It  is  somewhat  soluble  in  hot  water,  from  which  it  crystallises  on  cooling  in  whitish 
needles.    It  has  somewhat  of  the  odour  of  nitrobenzene. 

The  /i-compound  is  obtained  by  repeated  crystallisation  from  hot  alcohol  in  yeir  bril- 
liant yellow,  rounded  plates,  which  are  so  soluble  in  hot  alcohol  that  a  saturated  solu- 
tion deposits  a  magma  of  crystals  on  cooling ;  they  also  dissolre  as  readily  in  ether. 
In  boihng  water  they  melt,  forming  a  yellow  oil  bat  slightly  soluble  in  water,  the  dis- 
solved portion  yielding  very  fine,  almost  white  crystals  on  cooling.  The  crystals 
obtained  by  recrystallisation  from  alcohol  melt  at  71°,  a  temperature  much  higher 
tbereforo  than  the  melting  point  of  the  a-compound.  The  /3-compound  explodes  when 
heated  a  little  above  its  mAting  point. 

AsoBitroplienjteiiio  Aold.  (Hofmann,  Proc.  Boy.  Soc  x.  496.)-— This  add, 
isomeric  or  metameric  with  azonitrophenylene-diamine,  is  produced  by  the  action  of 
nitrous  acid  on  nitrophenylene- diamine,  the  change  consisting,  as  in  other  cases  of 
nitrous  substitution,  in  the  replacement  of  3  at.  hydrogen  by  1  at.  nitrogen : 

C«fl*N"0«  +  NHO«     =     2H«0  +  C\H*N'")N»0«. 

On  passing  a  current  of  nitrous  acid  gas  into  a  moderately  concentrated  solution  of  nitrate 
of  nitrazophenylene-diamine,  the  liquid  becomes  slightly  warm,  and  on  ooolinff  deposits  a 
considerable  quantity  of  brilliant  white  needles,  which  are  sparingly  soluble  in  cold, 
easily  in  boiling  water,  and  may  be  purified  by  two  or  three  recrystallisations. 

The  acid  thus  purified  forms  long  prismatic  crystals,  often  interlaced,  white  as  long 
as  they  aro  immersed  in  the  liquid,  but  assuming  a  slightly  yellowish  tint  when  dried, 
especially  at  100° ;  they  dissolve  readily  in  alcohol  and  in  ether.  It  melts  at  211°  and 
sublimes  in  prismatic  crystals  with  partial  decomposition  at  a  somewhat  higher  tem- 
perature. It  is  remarkably  stable  and  may  be  boiled  either  with  potash  or  with  hydro- 
chloric acid  without  undergoing  any  change;  neither  is  it  decomposed  by  passing 
nitrous  acid  gas  into  the  aqueous  or  alcoholic  solution. 

The  ctystius  have  a  distinct  acid  reaction,  and  dissolve  at  a  eentle  heat  in  potash  or 
ammonia,  without  however  neutralising  these  liquids.  The  acid  also  dissolves  in  alka- 
line carbonates,  but  without  expelling  the  carbonic  acid.  ThA  vota8Hum'9alt  contains 
C«H«KN*0«,  and  the  silver-salt  C«H«AgN*0». 

»IBirii>HOiTI¥  A  UnO  AOZ]>«     See  Sulphaxic  ETHEBa 


C^»    «    C«H».C*H».     (Tollens  and  Fittifc  Ann,  Ch. 
Fharm.  cxxxi.  810.— Fittig;  ibid,  cxTxiii.  222.)— Tnis  compound,  isomene,  but  not 
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identical,  with  xylene  (^.  v.),  is  obtained  by  the  action  of  sodium  on  a  mixture  of  bromo- 
benzene  (bromide  of  phenyl)  and  bromide  of  ethyl,  diluted  with  pure  ether.  The 
action  is  rather  energetic  and  requires  to  be  moderated  by  external  cooling.  The  distillate 
after  being  freed  fr^  ether  consists  almost  wholly  of  phenyl-ethyl,  with  only  traces  of 
free  ethyl  and  phenyl. 

Phenyl-ethyl  is  a  colourless  mobile  liquid,  rery  much  like  toluene  and  boiling  at  133^. 
By  oxidation  with  chramate  qf  potassium  and  sulphuric  acid  it  is  converted  into  ben- 
zoic acid  (xylene  treated  in  the  same  manner  yields  terephthalic  acid,  C*H*0*). 

Bromine  acts  slowly  on  phenyl-ethvl,  with  rise  of  temperature  and  evolution  of  hydro- 
bromic  acid,  and  forms  a  heavy  colourless  transparent  liquid,-  boiling  at  200^,  and 
exhibiting  the  composition  of  monobromophenyl-ethyl,  CH'Br.  Heated  in 
sealed  tubes  with  excess  of  bromine,  it  is  converted  into  a  heavy  viscid  oil  consisting 
of  a  mixture  of  several  more  highly  brominated  compounds. 

Phenyl-ethyl  treated  "wiXhfuming  nitric  acid  in  a  vessel  externally  cooled  is  converted 
into  mononitrophenyl-ethyl,  C'H*^NO'),  which  when  precipitated  by  water  and 
purified  by  washing,  drying  over  chloride  of  calcium,  and  rectification,  forms  a  light 
yellow  oil  heavier  than  water  and  boiling  without  decomposition  at  233°  (nitroxylene 
18  decomposed  by  distillation).  It  is  easily  reduced  by  tin  and  hydrochloric  acid^  yield- 
ing the  hydrochlorate  of  a  base  which  in  the  free  state  forms  a  colourless  oil,  turning 
brown  on  exposure  to  the  air,  but  not  solidifyiug.  The  oxalate  of  this  base  crystallises 
in  laree  colourless  needles,  only  slightly  soluble  in  cold  water.  The  cMoroplatinate 
crystidlises  in  shining  scales. 

Dinitrophenyl-ethyl,  C*HVNO')*,  is  produced  by  heating  the  mononitro-com- 
pound  with  nitric  acid,  or  when  phenyl-ethyl  is  gradually  dropped  into  a  mixture  of 
2  voL  strong  sulphuric  and  1  voL  fuming  nitric  acid,  and  the  clear  liquid  is  gently 
heated.  It  then  separates  on  the  surface  as  a  yellow  oil  which  cannot  be  distilled,  but 
may  be  purified  by  washing  with  water,  solution  in  alcohol,  and  drying  over  sulphuric 
acid.  It  then  forms  a  light  yellow,  perfectly  transparent  oil,  which  dissolves  in  boiling 
alcohol,  separates  almost  completely  on  cooling,  and  is  decomposed  by  distillation. 

Trinitrophen^l-ethyl,  CH'(NO')',  is  produced  in  small  quantity  in  the  pre- 
paration of  the  dinitro-compound,  as  above  described ;  and  the  latter  may  be  almost 
wholly  converted  into  the  trinitro-compound  by  dissolving  it  in  a  mixture  of  strong 
sulphuric  and  fuming  nitric  acid,  boiling  the  liquid  for  an  hour  with  repeated  addition 
of  fuming  nitric  aci(£  then  adding  sufficient  fuming  nitric  add  to  dissolve  the  oil  which 
has  risen  to  the  surface,  leaving  the  solution  to  itself  for  24  hours,  and  then  pouring 
it  into  water.  The  trinitro-compound  thus  prepared  is  an  oil  resembling  the  dinitro- 
oomponnd,  but  still  more  viscid,  and  exhibiting  no  traces  of  crystallisation,  even  after 
long  standing.  (Xylene  is  easily  converted  by  Aiming  nitric  acid,  even  in  the  cold, 
into  a  crystiSline  trinitro-compound.)    It  is  reduced  by  sulphide  of  ammonium  to  a 

base,  probably  L'^  "■*  ^^^^^J  VN',  which  ci7stallisesfiN}m  boiling  water  in  orange-yellow 

laminae,  and  forms  a  hydrochlorate  easily  soluble  in  water,  alcohol  and  ether. 

Fhenyl-ethvl  dissolves  quickly  in  sently  heated/t«m«iiy  sidphuric  acid,  and  the  solution 
if  left  to  itself  for  some  time,  deposits  slender  colouriess  needles  of  a  snlpho-acid, 
C*H'*SO*,  very  deliquescent,  having  a  strongly  acid  and  bitter  taste,  melting  when 
heated,  and  blackening  at 'a  higher  temperature.  The  same  solution  neutralised  with 
carbonate  of  barium  yields  a  very  stable  barium-salt,  C'*H'"Ba''S'0*,  which  crystallises 
in  beautiful  stellate  groups  of  flat  silky  needles,  mudi  less  soluble  than  sulphotoluylate 
of  barium ;  it  does  not  suffer  any  loss  of  weight  at  160°.  The  calc%um»salt  of  the  same 
acid,  CH'^Ca'S^O*,  is  rery  soluble  in  water,  and  is  obtained  by  spontaneous  evapor- 
ation as  a  shining  translucent  saline  mass. 

PBSWT&-aXBT&AMXVBS.  See  ErHTL-AKiLnn^  &c,  under  Phbntlamikbs 
(p.  450). 

.romMAMXBB  or  FOBBKAWXIOBB.    See  Fobmaiodb  (ii.  682). 

CO  ACZB.    Syn.  with  Phbkol. 

■ZSa  OT  BBirzOT&.    Syn.  with  Phentl-bstzotl  (p.  478). 

IS  OV  SV&VBOPBBVTZto    See  Sulfho-bemzidb. 


Compounds  produced  by  treating  isatin  (iiL  406), 
bromisatin  and  chlerisatin,  dissolved  in  boiling  alcohol,  with  aniline  and  its  subiftitution- 
derivatives.  Their  relations  to  imesatin  (iii.  246)  and  their  mode  of  formation  are 
exhibited  by  the  fbllowing  equations : 

H«0 
H*0 


Cra«N«0 

n 

C^»NO« 

+ 

NH» 

Imeiatln. 

katin. 

C"H»«NH) 

. 

C«H»NO» 

+ 

C^H'N    - 

FhenyUmeiailn. 

Uatln. 

Aniline. 
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PhenyUbrom- 
imesatin. 

^ 

C^H'BrNO* 

Bromisatin. 

+ 

AniliDe. 

H«0 

C'«H»C1N«0 

Pbenyl-chlor- 
imesatin. 

■■ 

C*H*C1N0« 

Chlorlsatiu. 

+ 

C«H'N 

Aniline. 

H-0 

C"H«BrN«0 

Bromophenyl- 

ImeMtiD. 

"■ 

C»H»NO* 
batio. 

+ 

C^'BrN      - 
BroiDBDillne. 

H«0 

C»H«C1N«0 

Chlorophenyl- 
imeutin. 

■= 

C«H»NO« 
iMtin. 

+ 

CTT«C1N      - 

Chioraailine. 

H-0 

The  compounds  thus  formed  crystallise  from  the  alcoholic  solution  on  cooling  mostly 
in  yellow  or  orange-yellow  needles.  They  are  insoluble  or  sparingly  soluble  in  water, 
easily  soluble  in  hot  alcohol.  When  treated  with  acids  at  the  boiling  heat,  they  are 
lesolred  into  isatin,  bromisatin  or  chlorisatin,  which  is  precipitated,  and  a  salt  of 
aniline,  chloraniline,  or  bromaniline  which  remains  in  solution.  With  alkalis  they 
yield  a  soluble  isatate,  bromisatate,  or  chlorisatate,  with  separation  of  aniline,  bromani- 
line or  chloraniline.  Isatin  treated  with  nitraniline  or  tri bromaniline  does  not  yield 
corresponding  compounds  (Engelhardt^  J.  pr.  Chem.  Ixy.  260).  See  also  GmdirCs 
Jtandoook  (xiii.  83). 

>      See  Itaconic  Actd  (iiL  435). 

See  Malic  Acm,  Phbntlatbd  Amidbs  of 

(iii.  797).  "         "" 

See  Phbiytl,  Sulfhtdratb  op  (p.  418). 

C'H"  -  OiH^.Cfl".  (Tollens  andFittig,  Ann.  Ch. 
Phorm.  cxxxi.  304.) — Produced  by  the  action  of  scKlium  on  a  mixture  of  bromoben- 
zene  and  bromide  of  methyl  diluted  with  pure  anhydrous  ether,  in  a  yessel  externally 
cooled.  The  distillate  is  freed  from  ether  by  heating  it  in  the  water-bath  to  60^,  and 
then  rectified  two  or  three  times  in  contact  with  sodium. 

Phenyl-m ethyl  is  a  transparent  colourless  liquid,  smelling  like  benzene,  having  » 
specific  gravity  of  0*881  at  5^,  and  boiling  point  111'',  which  is  the  same  as  that 
assigned  byWilbrand  and  Beil stein  (Ann.  Gh.  Pharm.  cxxriii.  259)  to  toluene. 
In  fact  phenyl-methyl  appears  to  be  identical  in  every  respect  with  toluene  obtained  from 
coal-tar  (i.  674).  It  is  converted  by  fuming  nitric  acid  into  a  nitro-compound,  C^H'NO*, 
having  the  peculiar  bitter-almond  odour  of  nitrotoluene,  boiling  at  222^ — 223*^ 
(nitrotoluene  boils  according  to  Deville  at  226°,  according  to  Wilson  at  2200—226°) ; 
and  converted  by  sulphide  of  ammonium  into  a  crystalline  base,  C'H*N,  having  all  the 
properties  of  ordinary  toluidine  ot  benzylamine  (i.  575).  Phenyl-methyl  dissolves  in 
fuming  sulphuric  acid^  forming  sulphotoluylic  acid,  C'H"SO*;  and  (like  toluene) 
it  is  convert^  by  oxidation  with  sulphuric  acid  and-  chroTnate  of  potassium  into 
benzoic  acid. 

In  its  identity  with  toluene,  phenyl-methyl  differs  remarkably  firom  phenyl-ethyl 
and  phenyl-amyl,  the  former  of  which  is  isomeric,  but  not  identical  with  xylene,  tho 
latter  with  cumene. 


■  N*.    Isomeric 


See  METBTLAiaLiNE,  &C.,  under  Phb»tul- 
lONES  (p.  463). 

.     (CS)"' 

»BSWY&-irAVBTB1X-8VXiPB0CAS8ABfZDB.      ^^^^ 

or  identical  with  sulphocyanate  of  phenyl-naphthylammonium  (see  Nafhthtiamucb, 

P-  22). 

PB JLHI I  Zi-WZT&OBSnXAaCXBB.    See  Phsxtl-be>'ZAKIDE  (p.  476). 

PBBinrXi-OZAXiVBABKZBB.     See  Oxalurahidb  (p.  278). 

PBSVT&-OXikXZC  ACZB.    See  OxAUic  Ethkbs  (p.  282). 

^BOBPBAMZC  ACZB.    See  Phosphamic  Acid. 


»B08PBAMI]>B«    See  Phosphamide. 
PBBBTXi-PBTBjAXAXIKXC  aczb.) 


J 


See  PjiTHALic  Acid,  Amides  of. 
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(     Sec  Pybotabtaeic  Acid,  Amidbs 


OF. 

See  Salictlamidbs. 
See  SumAMii^. 
See  Stkabic  Agio,  Auidbs  of. 


1 


See  SxjBEBic  Acid,  Amides  op. 


See  Succnno  Acid,  Amides  of. 


ACXB.    See  ScIphamic  Ethers. 

See  Cabbamidb  (i.  766). 

See  SiriJ>HOPUENTLAMIDB. 

See  Sulphuric  Ethbbs. 
See  SuLpHUBOus  Ethbbs. 


} 


See  Tartaric  Acid,  Amidbs  of. 


k    See  TmosiNAMiKB. 

See  Fhbktlaminbs  (p.  454). 

See  Carbamide  (i.  755). 

See  Valbramidb. 

Lime-harmotome  (see  Harmotomb,  iii.  13). 

,  C«'H"0«.  (B  e  r  t  a  gn  i  n  i,  Ann.  Ch.  Pharm.  xcrii.  1  ()9.)— A 
rcBinous  substance  produced  by  boiling  phillyrin  with  dilute  hydrochloric  acid,  or 
better,  by  the  lactic  fermenta'tion  of  phillyrin.  It  crystallises  readily  in  a  white  nacreous 
mass.  It  is  insoluble  in  cold  watery  very  little  soluble  in  boiling  water,  but  dissolves 
easily  in  alcohol  and  ether.    It  is  polymeric  with  saligeuin :  C*'li'*0*  »  3C'H*0'. 

With  chlorine,  bromine  and  nitric  acid,  phillygenin  forms  substitution-derivatives 
similar  to  those  obtained  in  like  manner  from  phillyrin  (De  Luca).  MonobrophiUy' 
gcnin,  CH**BrO*,  crystallises  in  shining  needles. 

VBZaAYAnr.  C^H^O".  (Campona,  Ann.  Ch.  Pharm.  xxiv.  242— Ber- 
tagnini,  ibid.  xcii.  109. — De  Luca,  ibid,  cxnii.  124.)— A  substance  contained  in 
bark  of  Fhillyrea  lati/olia,  whence  it  is  extracted  by  treating  the  aqueous  decoction  of 
the  bark  with  quick-lime  or  oxide  of  lead,  evaporating  the  filtrate,  and  leaving  it  to 
crystallise.    According  to  De  Luca,  the  mother-liquor  contains  mannite. 

Phillyrin  is  white,  crystallisable,  inodorous,  bitter,  sparingly  soluble  in  cold  water, 
more  soluble  in  boiling  water  and  in  alcohol  (Campona).  1  pt  of  phillyrin  dissolves  at 
9^  in  1300  pta.  water,  and  in  40  pts.  alcohol  (De  Luca).  It  is  nearly  insoluble  in 
ether,  quit«  insoluble  in  oils  both  fixed  and  volatile  (Campona).  It  melts  at  160° 
to  a  colourless  liquid,  which  begins  to  decompose  at  250^.    (DeLuca.) 

According  to  feertagnini,  the  formula  of  crystallised  phillyrin  is  C^'H^'O^.S^HH) 
(analysis,  67-66— 67-88  C  and  6-63— 682  H;  calc.  67-76  C,  6*63  H  and  36-62  O). 
The  watcT  of  crystallisation  is  given  off  between  60°  and  60^.  According  to  D  e  Luca, 
the  amount  of  water  in  phillyrin  varies  according  to  the  humidity  and  temperature  of 
the  air,  and  it  is  all  given  on  at  ordinary  temperatures  over  sulphuric  acid  or  in  a 
stream  of  dry  air.  Phillyrin  melts  at  about  160°  to  a  colourless  mobile  liquid.  By  boil- 
ing  with  dilute  hydrochloric  acid,  it  is  transformed  into  phillygenin  and  glucose : 

C«rHMO"     +     H'O       «       C«'IP^O«     +     C«H'»0«. 
Phiilyrin.  Fhillygenin.  Glucoce. 

It  undergoes  the  same  transformation  by  lactic  feimentation.    Synaptase  has  no  action 
upon  it     (Bertagnini.) 

Sulphuric  acfc?  first  dissolves  it  with  red  colour  and  then  decomposes  it  (CamponaV 
Dilute  nitric  acid  forms  with  it  yellow  silky  crystals ;  with  a  less  dilute  acid,  crystal- 
line grains  are  obtained;  with  strong  boiling  nitric  acid  the  products  are  oxalic  acid, 
and  a  substance  which  crystallises  in  yellow  shining laminse  (Bertagnin i).  Accord- 
ing to  De  Luca,  it  forms  mono-  and  di-nitro-phillyrin. 
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Chlorine  and  bromine  transform  phOlyrin  into  sxibstitution-derivatiyes  containing 
1  and  2  at.  chlorine  and  bromine,  and  capable  of  splitting  up,  like  phillyrin  itself  into 
glucose  and  chlorinated  or  brominated  deriyatives. 


An  old  name  for  the  watery  residue  left  in  the  distillation  of 
spirituons  or  acid  liquids. 

See  Gbassbs  (i.  943). 

(From  ^Koi6s,  bark,  and  fid^^  colour).  A  brown  substance 
obtained  from  the  bark  of  certain  trees,  e.g.  Pirnts  sylveairis,  Platantia  acerifolia, 
China  jlava  and  Betula  alba.  It  is  said  to  hare  the  composition  C"H*0^,  and  to  form 
a  hydrate  containing  ^  tofat.  water.  (Hofstetter and  Stiihelin,  Ann.  Ch.  Pharm. 
li.  63.— Handw.  d.  Chem.  Ti.  226.) 

See  CoxBUsnoH  (i.  1089),  and  Gas  (ii.  774—782). 
Rhombic  Mica  (see  Mica,  iii.  1012). 

C*H^O«  =    ^^t^'JN.    (Hlasiwetz  and  Pfaundler, 

Ann.  Ch.  Pharm.  cxix.  202.)— A  compound  produced  by  the  action  of  ammonia  on 
phloroglucin : 

C^*0«     +     NH»      -      OH'NO*     +     H*0. 

Phloroglucin,  orer  which  dry  ammonia  gas  is  passed,  absorbs  large  quantities  of  it, 
and  melts ;  and  if,  as  soon  as  the  formation  of  water  has  ceased,  the  resulting  crystal- 
line mass  be  dissolved  in  warm  water,  crystals  of  phloramine  are  obtained. — The  brown 
solution  of  phloroglucin  in  5  pts.  warm  aqueous  ammonia,  deposits,  after  standing  for 
some  time,  crystals  which  must  be  purified  by  recrystallisation  from  warm  water,  and 
dried  as  quickly  as  possible  in  vacuo  over  oil  of  ritrioi. 

Phloramine  forms  thin,  delicate,  micaceous  laminae,  which  separate  from  the  filter 
in  the  form  of  a  film  having  a  silky  lustre.  It  has  a  slightly  astringent  taste,  and  is 
permanent  in  dry  air.  It  is  sparingly  soluble  in  cold  waterj  easily  soluble  in  alcohol, 
insoluble  in  ether. 

Decompositions. — 1.  Phloramine  heated  over  the  water-bath  acquires  a  lemon-yelloir 
and  ultimately  a  dirty  brown  colour,  losing  weight  at  the  same  time  and  becoming  in- 
soluble in  water.— 2.  Phloramine  either  moist  or  dissolved  in  water  turns  brown  when 
exposed  to  the  air. — 3.  Fuming  nitric  acid  acts  yiolently  on  phloramine,  producing  a 
yellowish-red  solution  from  which  dark  brown  crystals  separate,  probably  a  nitrocompound 
The  same  crystals  aro  produced  when  nitrate  of  phloramine  is  kept  in  the  moist  state. — 
4.  When  phloramine  is  heated  over  the  water-bath  with  oU  of  vitriol,  a  conjugated 
sulphuric  acid  is  formed,  whose  barium-salt  crystallises  in  needles.  This  barium-salt^ 
and  the  solution  obtained  by  heating  phloramine  with  oil  of  vitriol,  diluting,  neutral- 
isinff  with  carbonate  of  barium,  boiling  and  filtering,  acquires  a  fine  violet  colour  on 
addition  of  ferric  chloride,  even  if  the  liquid  is  very  dilute.  By  chlorate  of  potag* 
tium  and  hydrochloric  acid,  phloramine  is  converted  into  a  dark  brown  resin  which 
gradually  becomes  light<er  in  colour,  and  when  distilled,  gives  off  a  small  quantity  of 
oil  having  an  intensely  strong  odour  (perhaps  chlorinated  acetone)  and  leaves  a  resin. 
Ko  chloranil  is  formed  in  this  reaction. — 6.  When  ammonfacal  phloroglucin  is  exposed 
to  the  air,  the  phloramine  formed  in  the  first  instance  disappears,  and  the  liquid  dries 
up  to  a  black  shining  brittle  mass,  which  dissolves  in  aqueous  ammonia  and  is  thrown 
down  by  acids  as  a  black-brown  precipitate. — 7.  By  aqueous  alkalis,  phloramine  is 
coloured  dark  and  decomposed. — 8.  The  solution  dues  not  colour /^rrte  chloride  or  farm 
a  precipitate  with  neutral  acetate  of  lead  or  nitrate  of  siltfcr ;  neither  does  it  reduce 
silver  from  its  solution  when  heated  therewith. 

Phloramine  unites  with  acids,  forming  salts  which  crystallise  well,  and  are  all  soluble 
in  alcohol. 

Acetate  of  Phloramine. — The  solution  of  phloramine  in  glacial  acetic  acid  dries  up  to 
a  yellow  varnish  without  forming  crvstals.  When  water  is  poured  upon  it,  there  ro- 
mains  a  yellow  powder  which  when  heated  partly  melts  to  a  resin  and  partly  dissolves. 

Ifydrochlorate,  C'H'NO'.HCl. — Phloramine  on  which  strong  hydrochloric  add  is 
poured  crumbles  to  ja  sandy  powder  which  dissolves  when  heated,  and  separateii  on 
cooling  in  yellow  shining  laminae,  perhaps  consisting  of  the  anhydrous  salt.  After 
solution  in  water,  white  needles  and  laminse  are  slowly  obtained,  which  turn  yellow  at 
100°  and  give  off  10*16  per  cent,  water  (1  at.  es  10*02  per  cent). 

Nitrate. — Phloramine  dissolves  rapidly  in  warm  moderately  concentrated  nitric  acid, 
the  solution  yielding  the  salt  in  shining  bronze-coloured  laminse  and  needles. 

The  oxalate  is  a  crystalline  salt. 

Sulphate,  2C*H'N0MI*S0*. — A  solution  of  phloramine  in  dilute  sulphuric  acid  yields 
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by  Bpontaneoufl  evaporation,  long  yellowish  brittle  needles,  which,  when  heated  over 
the  water-bath,  acquire  a  bright  yellow  colour  and  give  off  9  38  per  cent,  water 
(2  at  ■-  0*87  per  cent). 

C»H"NO»   -    (C»HK))''Lq-    (Hlasiwetz,  Ann. 

Ch.  Pharm.  ciL  162.>— An  acid  produced  by  the  prolonged  action  of  strong  ammonia 
on  ethyl-phloretic  add  (p.  491) : 

(C*H»orVO«     +     NH«      -      (C»H-0)-|N      +     ^j^JO. 

After  being  freed  from  ammonia  and  alcohol  by  evaporation,  it  crystallises  from  hot 
water  in  slender  shining  prisms.  It  dissolves  in  alcohol  and  ether,  melts  between  1 10® 
and  1 1 1<^,  and  sublimes  partially  with  loss  of  ammonia.  Its  aqueous  solution  is  coloured 
blue  by  ferric  chloride.  It  appears  to  unite  with  alkalis,  but  does  not  decompose 
carbonates,  and  is  altogether  but  a  very  feeble  add.  ^ 

n&OBBTXO  AOXB.    C»H"0»   -    (^*^*^)  |o«     (Hlasiwetz,  Wien.  akad. 

Ber.  xvii.  382;  xxiv.  237;  Om.  xiii.  308.)— An  add  produced,  together  with  phloro- 
gludn,  by  the  action  of  caustic  potaah  on  phloretin : 

C'*H"0     +     H*0»       -      C»H»»0«     +     C^«0». 
Phloretin.  Pbloretic  add.       Pblorogludn. 

It  18  prepared  by  dissolving  30  grm.  of  phloretin  in  about  200  c.  c  of  potash-ley  of 
specific  gravity  1'26,  and  evaporating  with  ebullition  till  the  mass  has  become  thick. 
The  product  is  then  dissolved  in  boiling  water,  carbonic  acid  gas  passed  through  the 
solution,  the  liquid  evaporated  to  diyness,  and  the  residue  treated  with  boiling  alcohol, 
which  dissolves  the  phloretate  of  potassium  and  leaves  the  greater  part  of  the  phloro- 
gliicin  undissolved.  Ether  is  then  added  to  the  solution,  which  predpitates  the 
phloretate  of  potassium  as  an  oily  liquid ;  the  ether  is  decanted ;  water  is  added ;  and 
the  liquid,  after  concentration,  is  mixed  with  hvdrochloric  add,  which  predpiutes  the 
phloietic  acid:  it  may  be  purified  by  repeated  crystallisation  from  alcohol  and  from 

water 

Phioretic  add  forms  long  brittle  prisms,  having  a  sour  and  slightly  astringent  taste. 
From  alcohol,  and  esped^y  from  ether,  it  is  deposited  in  very  large  prisms.  The 
crvstalB  are  monoclinic,  exhibiting  the  combination  oP .  ooPoo .  -Poo .  +  fPoo .  [Poo  1 . 
+  P,  &c.  Angle  -Poo  :  odPod  -  IZS^  61';  +  fPoo  :  ooPoo  -  143o  19';  [Poo]: 
c^  »  114®  16'.  It  melts  between  ItS^  and  130®,  and  solidifies  in  a^ciystalline  mass 
on  cooling.  It  is  somewhat  less  soluble  in  water  than  in  alcohol;  the  solution  may  be 
boiled  continuously  without  decompodtion.  When  mixed  with  amnwnia  and  agitated 
in  the  air,  it  assumes  a  reddish  colour.  With  solution  of  ealcie  hypochlorite  it  assumes 
a  trannent  brown  colour;  with  ferric  chloride  a  green  colour.  The  solution  super- 
saturated with  ammonia  reduces  nitrate  ofeUver  on  application  of  heat. 

Decompoeition$,—l.  Phioretic  add  when  strongly  heaUd  gives  off  suffocating  odours, 
bums,  and  leaves  very  Jlittle  charcoal— 2.  With  bromine  it  forms  dibromophlo- 

reti  c  acid. 3.  Pulverised  phioretic  add  placed  in  aflaskfilled  with  c^orin^  melts,  with 

disengagement  of  heat,  the  colour  of  the  chlorine  disappearing,  and  hydrochloric  add 
appearing  in  its  place.  The  product  dissolves  in  alcohol  and  in  ether,  but  not  in 
wfUer;  the  solution  when  evaporated  leaves  a  soft,  sticky  mass,  which  forms  with  soda 
a  compound  solidifying  after  some  time  to  a  deliquescent  crystalline  mass.— 4.  With 
hydrochloric  acid  and  chlorate  of  potaeeium  it  assumes  at  first  a  reddish-brown  colour, 
inves  off  abundance  of  gas  when  heated,  again  becomes  yellow,  and  partially  changes 
mto  yellow  flakes.— 6.  Triturated  with  pentachloride  of  phoephorus,  phioretic  add 
becomes  warm  and  liquid,  and  gives  off  much  hydrochloric  add  gas  with  effervescence. 
On  distillation,  oxycUoride  of  phosphorus  passes  over  at  100®,  and  a  ftiming  liquid 
remains,  which  decomposes  with  water,  into  phioretic  add,  hydrochloric  acid,  and 
phosphoric  add ;  and  at  a  higher  temperature  becomes  brown,  froths  up,  and  gives 
off  a  small  quantity  of  oxychloride  of  phosphorus,  leaving  charcoal  as  a  residue.— 6.  By 
exposure  to  the  vapour  of  sulphuric  anhydride,  it  is  converted  into  sulpho-phloretie 
acid  C*H**C)".SO''  (Nachbaur,  Wien.  akad.  Ber.  xxx.  122). — 7.  When  concentrated 
nUric  acid  is  poured  on  phioretic  add,  it  dissolves,  forming  a  red  solution,  with  disen- 
gagement of  heat,  intumescence,  and  liberation  of  red  va^nrs ;  the  solution  on  cooling 
becomes  filled  with  yellow  crystals  of  dinitrophloretic  acid.  If  the  temperature 
be  not  kept  down,  oxalic  add  is  also  formed.  Powdered  phioretic  acid  gradually  added 
to  cold  concentrated  nitric  acid,  is  dissolved  without  formation  of  red  vapours,  and  after 
some  time  dinitrophloretic  acid  ciystallises  out  If  nitric  acid  be  added  to  warm 
aqueous  phioretic  add,  effervescence  takes  place,  nitric  peroxide  is  disengaged,  the 


490  PHLORETIC  ACID. 

liquid  becomes  coloured^and  brown  resinous  drops  separate,  which  by  continued  heating' 
with  addition  of  a  little  nitric  acid,  disappear,  while  dinitrophloretic  acid  crystallises  out 
after  a  little  time.— 8.  Phloretate  of  biEirium  mixed  with  lime,  and  a  little  powdered 
glass,  and  heated,  yields  phloretolasa  brown  oily  distillate. 

CH'^O*     ^-     Ba"0       =       C»H"0     +     Ba'CO*. 

The  same  componnd  is  obtained  by  distilling  phloretate  of  calcium  with  formate  of 
calcium. — 9.  With  chloride  of  acetyl  (or  chloride  of  butyryl  or  chloride  of  benzoyl)  it 
gives  off  hydrochloric  acid,  and  forms  peculiar  acids  (Hlasiwetz).  The  product 
formed  with  chloride  of  acetyl  is  acetylphloretic  acid,  C»H»(G'H»0)0»  (v.  Gilm. 
Ann.  Ch.  Phartn.  cxii.  180). — 10.  Phloretate  of  potassium  or  phloretate  of  silver  heated 
with  iodide  of  ethyl  or  iodide  of  amyl,  yieliis  ethyl-phloretic  acid,  CH*(C=H*)0*, 
or  amyl-phloretic  acid,  C"H»(C»H»»)0».    (Hlasiwetz.) 

11.  JPhloretic  acid  heated  with  phloroglucin  yields,  not  phloretin  but  metaphlo- 
retin.    (Hlasiwetz,  p.  492). 

PittORETATES.  Phloretic  acid'  is  dibasic,  forming  neutral  salts,  CH'M'O*  or 
C»H"JM"0>,  and  acid  salts,  C»H»MO»  or  C"»H'»M"0«  =  C»H»M"0'.C»H'«0«,  according 
to  the  atomicity  of  the  metaL  It  decomposes  carbonates,  mostly  forming  acid  salts. 
The  phloretates  are  all  cr}^'8talli8able.  The  acid  salts  have  a  neutral,  the  neutral  salts 
an  alkaline  reaction.     When  heated  they  emit  an  odour  like  that  of  phenol. 

Phloretates  of  B a rium.  The  neutral  salt,  C'H*Ba"0',  is  formed  by  precipitating 
a  boiling  solution  of  the  acid  salt  with  very  strong  baryta-water.  It  crystallises  from 
boiling  water  in  needles  containing  5  at.  water,  four  of  which  are  given  off  at  160^. 
The  acid  salt,  C'"H"'Ba"0",  obtained  by  saturating  a  warm  aqueous  solution  of  the 
acid  with  carbonate  of  barium,  crystallises  in  long  flat  transparent  prisms,  which  be- 
come dull  at  100°. 

Phloretates  of  Calcium.  Tlie  neutral  salt  is  precipitated  on  adding  a  aolut ion 
of  lime  in  sugar-wat^r  to  a  concentrated  solution  of  lime  in  phloretic  acid  till  the  liquid 
becomes  alkaline.  It  crystallises,  by  evaporation  in  vacuo,  in  white  laminee  having  an 
alkaline  reaction.     It  is  decomposed  by  carbonic  acid. 

Phloretates  of  Copper.  The  acid  salt,  C'»H"Cu"'0«.2H-0,  obtained  by  de- 
composing a  solution  of  the  sulphate  with  phloretate  of  barium,  forms  emerald-grefii 
crystals  which  give  off  their  water  at  100°,  dissolve  sparingly  in  water  and  alcohol,  but 
readily  in  ether,  with  emerald-green  colour.  The  fieutral  salt,  C*H"Cu"0',  separates 
out  when  an  ethereal  solution  of  the  acid  salt  is  continuously  warmed  or  boiled,  in  beau- 
tiful shining  bluish-green  spangles  containing  1  at.  water,  half  of  which  is  given  off  at 
100°,  leaving  a  hydrate  containing  2C'H*Cu"0''.H0. 

Phloretates  of  Lead.  The  neutral  salt,  2C»H«Pb"0».H«0,  is  obtained  as  aheavy 
bulky  precipitate  on  saturating  the  acid  with  carbonate  of  lead,  and  mixing  the  hot  fil- 
trate with  basic  acetate  of  lead.  It  retains  its  water  at  100^.  A  basic  salt  having 
nearly  the  composition  2C'H*Pb"0*.Pb"0.2H''0,  is  precipitated  on  adding  basic  acetate 
of  lead  to  a  cold  solution  of  phloretic  acid  saturated  with  carbonate  of  lead. 

Phloretate  of  Maynesium  separates  from  a  solution  of  magnesic  carbonate  in 
aqueous  phloretic  acid,  in  colourless  crystalline  geodes  resembling  wavellite. 

Phloretates  of  Me  rcu  ry,  Phloretic  acid  forms  with  mercurous  nitrate  a  crystalline 
precipitate  consisting  of  needles ;  with  neutral  mercuric  nitrate  a  crystalline  precipitate 
formed  of  transparent  plates. 

Phloretate  of  Potassiu?n,  C^'KO',  is  obtained  by  mixing  the  aqueous  acid 
with  caustic  potash,  saturating  the  liquid  with  carbonic  acid,  evaporating,  exhausting 
the  dry  mass  with  strong  alcohol,  and  purifying  by  pressure  and  recrystallisation.  By 
spontaneous  evaporation  of  the  alcoholic  solution,  it  is  obtained  in  colourless  radiating 
laminje  or  in  rather  large  prisms.  It  has  a  warm  saline  taste,  effloresces  in  the  air,  and 
gives  off  all  its  water  at  100°.   Its  alkaline  solution  turns  brown  on  exposure  to  the  air. 

Phloretate  of  Silver,  C'H^AgO',  is  obtained  by  precipitating  the  sodium-salt 
with  nitrate  of  silver.  The  liquid  solidifies  to  a  crystalline  magma,  which  must  be 
filtered  iu  the  dark,  washed  with  cold  water,  and  then  dried,  first  between  paper,  and 
afterwards  at  100°.  It  forms  dazzling  white  needles,  which  when  moist  blacken  readily 
in  the  light;  dissolves  easily  in  ammonia  and  in  acetic  acid. 

Phloretate  of  Sodium,  C*H*NaO",  prepared  like  the  potassium-salt,  crystallises 
from  a  highly  concentrated  solution,  which  soon  turns  reddish  in  contact  with  the  air,  in 
radiating  efflorescent  prisms. 

Phloretate  of  Zinc. — The  neutral  salt  appears  to  be  formed  as  an  insoluble  precipi- 
eolved,en  phloretic  acid  is  boiled  with  excess  of  carbonate  of  zinc,  and  remains  undis- 
solved, while  the  acid  salt  passes  into  solution. 
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The  tuid  sali^  C"H"Zn''0*,  crystallises  immediately  firom  a  solution  filtered  at  the 
boiling  heat»  in  fiat  prisms  and  laminae  of  a  velvety  lustre,  and  resembling  cholesterin  ; 
permanent  in  the  air;  very  sparingly  soluble. 

Phloretate  of  Urea,  CH*N«0.2O'H'«0\  is  obtained  by  mixing  a  solution  of  3  pts. 
of  urea  and  1  pt  of  phloretic  ^acid,  in  broad,  lustrous  laminse,  or  feathery  striated 
crystals. 

Derivatives  of  Phloretic  acid, 

IMbromopiaoretlo  msUL  CH'Br^O*.  (Hlasiwetz,  Ann.  Ch.  Pharm.  cii.  145.) 
— Obtained,  by  adding  bromine  to  pulverised  phloretic  acid  as  long  as  hydrobromie 
acid  continues  to  escape,  as  a  slightly  coloured  powder,  which  crystallises  from  alcohol 
in  hard  colourless  prismatic  grains,  and  may  be  completely  purified  by  washing  with 
water,  and  precipitation  with  hydrochloric  acid  from  its  solution  in  ammonia.  It  melts 
in  an  atmosphere  of  chlorine  gas,  becoming  hot,  giving  off  hydrochloric  add,  and  form- 
ing an  uncrystallisable  product  insoluble  in  water,  soluble  in  alcohol  and  ether. 

The  ammonium-salt,  C*H'(NH*)Br'0*,  is  sparingly  soluble  in  cold  water,  and  easily 
decomposible.  The  barium-salt,  C'»H'*Ba"Br*0«  (at  120<>),  precipitated  from  the  am- 
moninm-salt  by  chloride  of  barium,  forms  prismatic  crystals. 

Slattropliloretio  Mta.  C»H"N»0'  «  C»IP(NO*)«0».  (RlsLsiw etz,  loc.cit.) 
— This  compound,  produced  by  the  action  of  nitric  acid  on  phloretic  acid,  exhibits  two 
different  modifications  according  to  the  manner  in  which  the  action  takes  place. 

The  first  modification  (a)  is  formed  when  phloretic  acid  is  dissolved  in  nitric  acid 
slightly  concentrated  and  kept  cool.  Yellow  fi;rains  then  form  in  the  red  solution;  and 
on  recrystallising  these  from  water  and  alcohol,  the  acid  is  obtained  in  shining  lemon- 
yellow  prisms,  easily  soluble  in  alcohol  with  yellowish-red  colour,  fusible,  not  detonating, 
having  a  slightly  bitter  taste,  and  colouring  like  picric  acid. 

The  detonating  salts  of  this  acid  are  obtained  by  saturating  its  aqueous  solution  with 
the  respective  carbonates,  or  by  precipitation  from  concentrated  solutions  of  the  am- 
monium-salt. The  potassium-salt,  2C»H«K«(N0«)H)«.H»0  (at  120°),  crystallises  from 
dilute  alcohol  in  deep  orange-coloured  prisms.  The  barium-salt,  2C»H*Ba''(N0')*0".H*0, 
forms  orange-coloured  needles;  the  calcium-salt  yellow  needles.  The  lead-salt  is  a 
deep  red,  the  silver-salt  a  red,  the  copper-salt  a  yellow  precipitate.  The  ammonium- 
salt  forms  with  mercuric  chloride  a  yellow  precipitate  amorphous  at  first,  becoming 
crystalline  afterwards;  with  stannous  chloride  a  yellowish,  and  with/«rm  chloride  a 
light  brown  precipitate. 

The  second  modification  (fi)  of  the  acid  is  produced  by  dropping  nitric  acid  into  a 
warm  aqueous  solution  of  phloretic  acid.  The  crystals  which  separate^  form  when  re- 
crystallised  from  alcohol,  dark  yellow  shining  laminse  and  scales. 

The  compounds  of  this  acid  with  the  alkaline  earths  can  be  obtained  only  by  satur- 
ating the  acid  with  the  corresponding  hydrates  or  carbonates,  whereas  those  of  the  a 
modification  are  obtained  in  the  crystalline  state  by  precipitation  from  the  ammonium- 
salt. 

The  Ammonium-salt,  2C»H«(NH«)«(N0«)«0«H«0,  effloresces  in  dark  yellow  needles; 
the  barium-salt,  2C*H'Ba''(N0*)^0*.H*0,  separatee  in  nodular  groups  of  orange-yellow 
crystals. 

VKXiOSBTXC  BTHISJUI.  These  are  compounds  produced  by  the  substitution  of 
1  at.  of  an  organic  radicle  for  1  at.  hydrogen  in  phloretic  acid. 

Aeetio  PUoretate  or  Aoetjln^Uoretio  aold.  C'>H>'0*  «  CH>(C3H'0)0'. 
(H.  V.  Gilm,  Ann.  Ch.  Pharm.  cxii.  180.) — Produced  by  the  action  of  chloride  of 
acetyl  on  phloretic  acid.  When  crystallised  from  dilute  alcohol,  it  forms  thin  colourless 
intorlaced  prisms  having  a  vitreous  lustre  and  an  acid  reaction.  It  is  insoluble  in  cold 
water,  soluble  in  alcohol  and  ether;  melts  below  the  boiling  point  of  water,  and  partly 
sublimes ;  decomposes  carbonates ;  is  not  coloured  by  ferric  chloride. 

Nitro-acetylphloretic  acid,  C»H»(C«HK))(NO«)0«,  is  obtained  by  dissolving  acetyl- 
phloretic  acid  in  nitric  acid  of  ordinary  strength,  and  immediately  mixing  the  product 
with  water.    It  crystallises  from  alcohol  in  golden-yellow  shining  laminae. 

XStbjUo  Vhloretate  or  Btbyl-plileretio  aoid.  C''H"0*  «  C*H*(C2H')0'. 
(Hlasiwetz,  Ann.  Ch.  Pharm.  ciL  161.) — This  compound  is  easily  prepared  by  heat- 
ing phloretate  of  potassium  or  silver  with  ethylic  iodide  to  100°  in  a  sealed  tube.  It 
is  colourless  and  viscid;  has  a  faint  odour  and  irritating  taste  ;  boils  above  26d°  ;  is 
not  infiaramablo ;  dissolves  in  alcohol  and  ether,  but  is  insoluble  in  water.  It  has  the 
same  index  of  refraction  as  salicylic  ether  for  a  particular  ray  in  the  orange,  but  its 
dispersive  power  is  much  less  than  that  of  salicylic  ether. 

Ethylic  IHnitrophl-oreiatc,  C»H'(C«H»)(N07'0',  is  obtained  by  treating  ethylic  phlo- 
retate with  nitric  acid,  as  a  golden-yellow  oil  which  solidifies  in  the  crystalline  form 
after  a  while,  and  crystallises  from  alcohol  in  light  yellow  cr^'stab. 
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Amyllo  Pbloretate  or  Amjl-ptaloretlo  aeld,  Gi«H**0"  »  C*H'(G*Hii)0', 
prepared  like  the  eth^l-compound,  is  coleurless,  very  viBcid,  has  a  slightly  rancid  odour, 
a  sharp  taste  and  boils  above  290^.  With  nitric  acid  it  yields  a  crjnrtalline  nitzo- 
oompoond.    (Hlasiwets,  loc,  cit) 


C>*H"0».  (Stas,  Ann.  Ch.  Pharm.  dx.  200.-0.  Roser,  ibid, 
Ixxxiv.  178. — Hlasiwets,  ibid.  xcvi.  118. — ^Gm.  xvi.  8.) — ^A  substance  produced  by 
the  action  of  dilute  acids  on  phlorizin  (p.  493).  To  prepare  it,  phlorizin  is  dissolved  in 
a  cold  dilute  acid,  and  the  hquid  subsequently  heated  to  90^ :  it  is  then  deposited 
in  the  crystalline  state. 

Phloretin  crystallises  in  small  white  laminae,  having  a  saccharine  taste,  nearly  in- 
soluble in  cold  water,  very  sparingly  soluble  in  boiling  water,  and  in  anhydrous  ether, 
soluble  in  all  proportions  in  boiling  alcohol,  wood-spirit,  and  acetic  acid,  whence  it  lb 
deposited  in  shining  grains.  (Analysis  64*5—65*4  C  and  6*2—6*4  H ;  calc.  65*7  C,  6*1 
H,  and  29*2  0.) 

Phloretin  melts  at  180^,  and  decomposes  at  a  higher  temperature.  Strong  acids,  for 
the  most  part,  dissolve  it  without  alteration.  Nitric  acid,  however,  converts  it  into 
nitro-phloretin.  Chromic  acid  resolves  it  into  formic  acid  and  carbonic  anhydride 
(Stas).  When  pulverised  phloretin  is  treated  with  bromine  under  ether,  a  mixture  of 
tri-  and  tetra-bromophloretin  is  produced ;  but  when  phloretin  is  heated  with  excess  of 
bromine,  a  number  of  bodies  crystallising  in  needles  are  formed,  which  appear  to  be 
substitution-products  of  phloroglucin  (Scnmidt  and  Hesse,  Ann.  Ch.  Pharm.  cxix. 
103).  It  is  dissolved  without  alteration  by  alkalis  ;  the  solutions  have  a  very  decided 
saccharine  taste,  and  in  contact  with  the  air,  absorb  oxygen  and  form  an  orange- 
coloured  body.  Bat  by  boiling  and  evaporating  with  strong  potash^ey,  phloretin  is 
resolved  into  phloretic  acid  and  phloroglucin  (pp.  491,  495). 

Phloretin  rapidly  absorbs  13  or  14  per  cent,  ammonia-gas,  without  losing  water.  It 
dissolves  in  strong  aqueous  ammonia,  but  separates,  after  a  few  seconds,  in  shining 
yellow  laminsB,  which  give  off  ammonia  when  exposed  to  the  air,  or  when  heated.  The 
solution  of  the  ammoniacal  compound  precipitates  the  salts  of  manganese,  iron,  zinc, 
copper,  lead,  silver,  &c.  The  lead-comvouna,  obtained  by  adding  basic  acetate  of  lead 
to  an  excess  of  phloretin-ammonia,  and  drying  the  precipitate  at  140°  in  a  current  of 
air,  contains  2C"H»*0».5Pb"0.    (Stas.) 

Tetrabromophloretin,  C**H'*Br*C)*. — ^When  finely-pulverised  phloretin  is  covered 
with  ether,  and  bromine  added  to  the  mixture  cooled  nom  without,  the  bromine  is 
absorbed,  with  evolution  of  heat^  and  a  mixture  of  tri-  and  tetra-bromophloretin  is  formed, 
which,  after  removal  of  the  ether  and  the  resulting  hydrobromic  acid,  may  be  completely 
converted  into  tetra-bromophloretin  by  renewed  treatment  with  bromine  at  a  ffentle  heaL 
The  product  is  boiled  with  water ;  the  residue  is  dissolved  in  boiling  alcohol ;  the 
solution  precipitated  with  water ;  and  the  pale  yellow  crystalline  precipitate  is  purified 
by  boiling  with  weak  alcohol  andrectystallisation  firom  boiling  alcohoL  Phlorizin,  treated 
with  bromine  under  ether,  likewise  yields  tetrabromophloretin,  a  mixture  of  mono-  and 
poW-bromophloro-gludn  beine  formed  at  the  same  time. 

Tetrabromophloretin  crvstulises  in  small  pale  yellow  needles,  which  do  not  lose 
weight  at  100^ ;  it  is  decolorised  by  animal  charcoal,  but  soon  turns  yellow  again.  It 
is  insoluble  in  boiling  water,  sparingly  soluble  in  boiling  alcohol,  easily  soluble  in  ether. 
It  melts  between  206^  and  210°,  acouiring  a  dark  red  colour,  and  decomposing  with 
effervescence.  It  dissolves  with  yellow  colour  in  aqueous  ammonia  ana  soda,  the 
ammoniacal  solution  turning  brown  after  a  while.  In  boiling  /tm«-t&a^  it  turns  violet^ 
and  forms  an  amorphous  violet  substance. 

Nitrophloretin,  C»H»»(NO«)0*  (?),  calledalso^Aforf^wociVf  (by  Stas),  and nftro- 
phloretic  acid,  is  produced  by  the  action  of  strong  nitric  acid  upon  phloretin.  It  is 
brown,  amorphous,  insoluble  in  water  and  in  dilute  acids,  soluble  in  alcohol,  wood- 
spirit,  and  aUudis.  It  decomposes  at  160^,  giving  off  nitric  oxide.  Sulphuric  acid 
dissolves  it  with  blood-red  colour. 

(C-H-O)"  ) 
MatapbloretlB.      C"H»0>«    »    (OH»0«)nO*  (?)  (Hlasiwetz,  Ann.  Ch. 

B*  ) 
Pharm.  cxix.  199.) — This  compound  (not  named  by  Hlasiwetz,  but  called  a-phloretin 
in  Gmelin*s  Handbook,  ayi.  10)  is  produced  by  heating  phloretic  acid  with  phloroglucin. 
The  mixture,  heated  to  150°  in  an  air-bath,  melts  together,  and  gives  up  water.  If  kept 
for  six  hours  between  160°  and  180°,  it  deposits  a  granular  mass,  and  ultimately 
becomes  quite  solid.  The  brown  mass,  when  boiled  with  water,  dissolves  slowly,  and 
the  solution,  even  before  it  is  quite  cold,  deposits  crystalline  scales,  which  may  be 

Surified  by  washing  with  warm  water,  and  recrystallisation  from  boUing  water  with 
elp  of  animid  charcoaL 
The  compound  forms  nearly  colourless  microscopic  laminae,  having  a  rough  taste. 
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ynth.  sweetish  after-taste.    It  is  neutral ;  unalterable  at  150^ ;  colours  aqueous /erric 
chloride  yiolet 


C«H"0--(Hlasiwetz,  Ann.  Ch.  Pharm.  cii.  166.)— This  com- 
pound, metameric  with  methjlic  phenate  or  phenetol  (p.  3911  is  produced  by  distilling  a 
mixture  of  phloretate  of  buium,  caustic  hme,  and  a  little  powdered  glass,  in  small 
portions  over  an  open  fire.  The  brown  oily  distillate  is  dehydrated  by  decantation  and 
diying  orer  oil  of  vitriol,  and  then  rectified. 

f  hbretol  is  a  colourless,  strongly  refracting  oil,  which  becomes  thicker  at  18^,  and 
boils  at  190O— 200O.  Specific  gravity  10 374  at  12<^.  Vapour-density,  obs.  «  4-22; 
^c.  a  4'23.  It  has  an  aromatic  odour,  suggestive  of  phenol,  and  a  burning  taste. 
Placed  on  the  skin  it  causes  a  bum.  It  coagulates  albumin  almost  as  rapidly  as  phenol. 
A  splinter  of  pine-wood  dipped  in  aqueous  phloretol,  and  then  soaked  with  hydrochloric 
acid,  assumes,  when  dried  in  the  sun,  a  colour  similar  to  that  of  one  soaked  in  phenol. 
It  is  only  slightly  soluble  in  water,  but  mixes  in  all  proportions  with  alcoiol  and 
ether. 

Deeomporitione. — 1.  In  vessels  containing  air,  it  becomes  yellowish,  and  then  smells 
of  st^roL — 2.  When  soaked  up  into  a  wick  it  may  he  infiamed,  and  then  bums  with 
a  bright,  fuliginous  flame. — 8.  Dissolves  in  oU  of  vitriol;  the  solution,  after  standing 
some  time,  is  no  longer  precipitated  by  water,  but  then  contains  a  conjugated  sulphuric 
acid  which  forms  with  baiyta  a  soluble,  easily  crystallisable  sidt.  —  4.  When 
bromine  is  poured  on  it,  hydrobromic  acid  is  liberated,  and  after  the  excess  of  bromine 
is  expelled,  a  white  czystalline  substitution-product  is  left,  which  is  soluble  in  alcohol, 
but  not  in  water. — 6.  With  chlorine  it  forms  a  substitution-product. — 7.  When  dropped 
into  strong  nitric  acid  it  hisses  like  a  red-hot  metal,  and  forms  trinitrophloretol, 
C*H^(NO*)*0,  with  violent  action  and  disengagement  of  nitric  peroxide. 

VBXi01iaTT&.  CH*0. — ^The  hypothetical  diatomic  radicle  of  phloretic  acid  and 
its  derivatives. 

Chloride  ofphloretyl,  (C»H*0)"C1*,  appears  to  be  formed  by  the  action  of  penta- 
chloride  of  phosphorus  on  phloretic  acid,  according  to  the  equation, 

^P^H*^^"  I  ^']   +    3^^*     "*     8C"H»0a«  +   2P0a«  +   3HC1  +  PH»0*. 

On  distilling  the  product^  oxychloride  of  phosphoras  passes  over  at  110^,  and  the 
residue  can  no  longer  be  heated  without  decomposition.  When  treated  with  water, 
however,  it  yields  phloretic,  phosphoric,  and  hydrochloric  adds.     (Hlasiwetz.) 

VB&OSZUmr.  G*'H**KK)'*.  (Stas,  Ann.  Ch.  Pharm.  XXX.  206.)— Pix>duced  by 
the  simultaneous  action  of  air  and  ammonia  on  phlorizin : 

C«»H«0»»     +     2NH»     +     0»        «        C«H"»N*0". 

It  is  precipitated  on  adding  an  acid  to  the  product  of  the  reaction.  To  obtain  it  pure, 
8tas  (Ann.  Ch.  Phys.  Ixix.  367)  precipitates  the  erode  product  of  the  above  reaction 
with  alcohol ;  dissolves  the  precipitate  in  the  smallest  possible  quantity  of  water ;  and 
adds  alcohol  acidulated  with  acetic  acid  to  the  solution  drop  by  drop.  The  precipitate 
is  then  washed  with  alcohol  of  continually  increased  strength. 

Phlorizein  is  a  reddish-brown,  unciystallisable  solid,  differing  in  aspect  according  to 
the  state  in  which  it  is  examined.  Its  taste  is  slightly  bitter.  It  dissolves  easily  in 
boiling  wat4!r,  but  is  nearly  insoluble  in  alcohol,  ether,  and  wood-spirit.  It  yields  by 
analysis  481— 485  C,  6*6— 5*4  H  and  a-0^^-4  N:  (calc  48*6  C,  58  H,  6-4  N,  and 
40-2  O). 

Phlorizein  is  decomposed  by  heat.  Fixed  alkalis  gradoaUy  alter  its  colour,  trans- 
forming it  into  a  brownish  substance. 

Phlori^eate  of  ammonium  is  difficult  to  obtain  pure.  The  best  mode  of  preparation  is 
to  place  phlorizin  under  a  bell-jar  above  a  solution  of  carbonate  of  ammonia,  into  which 
fragments  of  caustic  potash  are  thrown  from  time  to  time.  If  care  be  taken  to  avoid 
an  excess  of  ammonia,  a  blue  crystallisable  substance  very  soluble  in  water  is  some- 
times obtained ;  but  more  freouently  the  product  is  brown-red. 

The  compound  is  decoloiisea  by  sulphydric  acid,  sulphide  of  ammonium,  and  stannate 
of  potassium,  but  the  decolorised  solution  gradually  resumes  its  blue  tint  on  exposure 
to  the  air.  llie  solution  of  phlorizeate  of  ammonium  is  likewise  decolorised  by  hydrate 
of  aluminium,  the  alumina  acquiring  a  blue  colour. 

The  solution  precipitates  salts  of  iron,  zinc,  lead,  and  silver.  The  silver-precipitata 
is  blue,  and  is  decomposed  by  water. 

yB&OSXSLXir.  C^IP^O**.— PA/orrAtrm,  Phloridzin  (from  ^\oi^fl,'bark,  and  ^1(0, 
root).  [Stas  andDe  Koninck  (1835),  Ann.  Ch.  Pharm.  xv.  75. — Stas,  Ann.  Ch. 
Phys.  [2]  Ixix.  867. — Mulder,  Rev.  Scient.  iii.  50. — ^Roser,  Ann.  Ch.PharnL  Izxxiv. 
178.— dtrecker,  •5c(^.lxxiv.  184.— Gm.zvi.  11.] — ^A  substance  existing  ready  formed  in 
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the  root-bark  of  tlie  apple,  pear,  plum,  and  cheriy-tree.  It  ts  extracted  by  weak  alcohol, 
and  the  alcoholic  solution,  decolorised  by  animal  charcoal,  and  concentrated,  deposits 
crystals  of  phlorizin  on  cooling.  The  root-bari&  of  the  apple-tree  is  the  best  source 
of  phlorizin,  because  it  contains  less  colouring  matter  than  thai  of  the  other  trees. 

Phlorizin  crystalliseB  in  long  silky  needles  or  tufts.  It  has  a  slightly  bitter  taste,  is 
sparingly  soluble  in  cold  water,  but  dissolves  in  all  proportioiis  in  boiling  water. 
Alcohol  and  wood-apint  dissolve  it  readily,  but  it  is  quite  insoluble  in  ether. 

The  crystals  of  phlorizin  contain  2  at.  water,  C"H«'0'«.2H«0  (analysis,  62*8— 53'9  C 
and  60— 62  H ;  calc.  534  C,  6-9  H,  and  407  O).  At  100°  they  give  off  their  water 
(7-6  per  cent.)  and  leave  anhydrous  phlorizin,  C'*H**0"  (anaL  67*4  C  and  67  H  j 
calc.  67*8  C  and  5*5  H),  which  melu  at  109°  and  decomposes  at  200^  yielding  a  red 
substance  called  rufin  and  other  products. 

Strong  sulphuric  acid  at  60°  or  70^  converts  it  into  a  red  substance  called  rufi-  or 
'rutilo-sulphuric  acid.     (Mulder.) 

By  prolonged  contact  with  dilute  sulphuric^  phosphoric^  or  hydrochloric  acid  it  ia 

resolved  into  glucose  and  phloretin.     The  same  change  is  induced  by  oxaUc  acid 

at  90° : 

C"H«*0'»  +  H«0     -     C»H"0«  +  C'*H'*0». 
Phloriiin.  Glucoie.         Fhloretio. 

100  pts.  of  phlorizin  thus  treated  yield  from  41  to  42  pts.  glucose  (calc  41*3  pts.). 

Strong     nitric    acid    converts     it    into    oxalic    acid    and      nitrophloretin, 
C»*H'»(NO«)0*(?) 

Strong  hydrochloric  acid  converts  phlorizin  into  a  dirty  red,  amorphous  'substance 
without  dissolving  it.    (DeKoninck.) 

When  phlorizin  is  triturated  with  ^^  of  its  weight  of  iodine,  a  greyish-violet  mass  is 
formed,  from  which  water  separates  black  flocks  (Vogel,  N.  Br.  Arch.  xvi.  165). — 
When  phlorizin  is  covered  with  ether  and  bromine  is  £x>pped  into  the  liquid,  as  long 
as  it  is  decolorised  thereby,  the  phlorizin  dissolves  completely  ;  and  on  evaporating  the 
solution,  boiling  the  residue  with  dilute  sulphuric  acid  (to  decompose  phlorizin),  and 
recrystallising,  tetrabromophloretin  (p.  492)  is  obtained  (Schmidt  and  Hesse, 
Ann.  Ch.  Pharm.  cxix.  106). — Chlorine,  bromine  and  iodine  evolve  heat  fix>m  dry 
phlorizin,  and  convert  it  into  a  brown  viscid  resin  (De  Koni  nek).  Phlorizin  treated 
with  chloride  of  iodine  yields  only  amorphous  products  (Stenhouse,  Ann.  Ch.  Pharm. 
cxxxiv.  218). 

Alkalis  dissolve  phlorizin  without  alteration,  and  the  solutions  are  permanent  in  the 
air.    Boiling  potash  produces  a  black  substance. 

Phlorizin  absorbs  11  or  12  per  cent  of  dry  ammonia^ffos,  and  the  product  e^x)8ed  to 
the  air  gradually  assumes  an  orange  then  a  red  tint^  ultimately  becoming  dark  blue, 
and  then  consists  of  phlorizeate  of  ammonium  (p.  493). 

Phlorisate  of  Barium  is  obtained  by  mixing  the  solutions  of  phlorizin  and  baryta  in 
wood-spirit.  A  precipitate  is  then  formed  which  loses  its  alkaline  reaction  on  exposure 
to  the  air,  and  becomes  brownish-red,  yielding  carbonic  anhydride,  acetic  acid,  and  a 
peculiar  colouring  matter.  It  appears  to  contain;C*'H**0'*.Ba"0.  (anal.  40*3  C,  41  H, 
and  29-8— 30-2  BaO;  calc.  428  C,  4*1  H,  and  26*8  BaO). 

Phlorizate  of  Calcium  appears  to  contain  2C»'H"0»».3Ca"HW  (anal.  16-2—14  per 
cent  lime ;  calc.  16'3.)  It  is  obtained  by.  evaporating  a  solution  of  phlorizin  or 
lime-water.    By  exposure  to  the  air,  it  is  decomposed  like  the  barium-compound. 

Phlorizate  of  Lead  appears  to  contain  C"H**0'«.3Pb"0  (anal.  249  C,  2*1  H,  and 
69-2— 600  PbO ;  calc.  22  7  C,  21  H  and  606  PbO).  It  is  produced  as  a  white  pre- 
cipitate on  adding  basic  acetate  of  lead  to  a  boiling  solution  of  phlorizin,  the  latter 
being  in  excess. 

PBZiOSOO&VCZV.  C«H«0'.  (Hlasiwetz,  Ann.  Ch.  Pharm.  xcvl  118;  cxii. 
96 ;  cxix.  199.— Gm.  xv.  66.) 

Formation, — 1.  Phloretin  boiled  with  potash-ley  is  resolved  into  phloretic  acid  and 
phloroglucin. — 2.  Quercetin,  under  the  same  circumstances^  is  resolved  into  quercetic 
acid  and  phloroglucin.    According  to  Ulasiwetz : 

C«H>*0»«  +  H»0     =     C"H'«0«  +   C«H«0»; 
Quercetin.  Quercetic       Phloroglucin. 

acid. 

according  to  Zwenger  and  Dronke  (Ann.  Ch.  Pharm.  cxxiii.  164) : 

3C"H'«»0«  +  H»0     =     C^H'^O"*  +   3C"H«0«. 

Quercetin.  Quercetic  Phloro- 

acid.  giucin. 

3.    Quercetin  in  alkaline  solution  treated  with  Eodium-amalgam  is   also  converted 
into  phloroglucin,  together  with  a  colourless  product  different  from  quercetic  acid 
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(Hlasi  wetz,  Ann.  Ch.Pharm.  cxxiv.  368). — i.^Morintannic  acid  or  maclurin  (iii.  1049), 
mixed  with  hydrate  of  potassium  and  evaporated  to  a  pasty  mnsSj  is  resolved  into 
phloroglucin  and  protocatechuic  acid  (Hlasiwetz  and  Pfaundler) : 

C'«H"0«    +  H«0     -     O»H»0«  +  C'H«0*. 

MorinUonlc  Phloro-         Protocata- 

actd.  glucia.         cbulcacid.  i 

Preparation, — 1.  The  mixtare  of  phloroglucin  and  carbonate  of  potasainm  obtained 
AS  described  in  the  preparation  of  phloretic  acid  (p.  489)  from  which  all  the  phlorc- 
tate  of  potassiam  has  been  extracted  by  alcohol,  is  dissolved  in  water ;  dilute  sulphuric 
acid  is  added  in  slight  excess ;  and  the  mass  is  evaporated  to  dryness  over  the  water- 
bath,  and  then  well  boiled  with  alcohol  (better  with  ether-alcohol).  The  alcohol  is 
distilled  off  and  the  residue  left  to  crystallise,  whereby  strongly  coloured  crystals 
are  obtained,  the  mother-liquor  also  yielding  an  additional  quantity.  They  are  dis- 
solved in  water,  and  the  solution  is  mixed  with  acetate  of  lead  (which  produces  no 
precipitate),  and  saturated  with  sulphydric  acid,  the  precipitated  sulphide  of  lead 
carrying  down  nearly  the  whole  of  the  colouring  matter,  so  that  the  crystals  which 
afterwards  separate  have  only  a  yellowish  tint.  By  re-crystallisation  &om  ether  and 
afterwards  from  water,  they  may  be  obtained  quite  colourless. 

2.  Quercetin  is  added  to  a  hot  concentrated  solution  of  3  pts.  hydrate  of  potassium, 
the  liquid  evaporated  down  at  the  boiling  heat,  and  the  residue  further  heated,  till  a 
sample  of  it  taken  out  no  longer  yields  a  flocculent  precipitate  with  hydrochloric  acid, 
but  quickly  assumes  a  deep  red  colour  when  dissolved  in  water.  The  whole  is  then 
immediately  dissolved  in  water;  the  solution,  which  instantly  turns  red,  is  neutralised 
with  hydrochloric  acid;  and  the  flocks  (of  alpha-quercetin  and  undecomposed  quercetin) 
which  are  deposited  from  the  liquid  on  standing  and  cooling,  are  separated  by  filtration. 
The  filtrate  is  evaporated  to  dryness,  the  residue  exhausted  with  alcohol ;  the  alcohol 
distilled  off  from  the  brown  tincture ;  the  residue  dissolved  in  water,  and  mixed  with 
acetate  of  lead,  whereby  quercetate  of  lead  is  precipitated,  while  phloroglucin  remains 
in  solution.  The  latter  is  obtained  in  the  crystalline  state  by  removing  the  lead  from 
the  filtrate  with  sulphydric  acid  and  quickly  evaporating,  and  is  purified  by  re- 
crystallisation,  with  help  of  animal  charcoaL 

Properties. — Phloroglucin  separates  from  aqueous  solution  in  hydrated  crystals 
C*H*0*.2H*0,  belonging  to  the  trimetric  system;  by  slow  evaporation  they  may  be  ob- 
tained of  the  size  of  peas,  and  with  irregular  prismatic  faces.  The  crystals  grate  between 
the  teeth,  efiloresce  in  warm  air  and  in  vacuo,  or  more  quickly  at  90^,  giving  off  22*25 
to  22'47  per  cent,  water  (2  at  «  222  per  cent.),  and  leaving  anhydrous  phloroglucin. 
The  anhydrous  compound  also  separates  directly  from  solution  in  anhydrous  ether. 
Phloroglucin  is  sweeter  than  common  sugar,  neutral  to  vegetable  colours,  permanent 
in  the  air  at  ordinary  temperatures,  melts  at  about  220°,  sublimes  without  particular 
odour  and  solidifies  on  cooling.  It  dissolves  in  water  and  alcohol,  and  readily  in  etfter. 
It  is  not  altered  by  hydrochloric  acid;  does  not  precipitate  any  metallic  salt  except 
basic  acetate  of  lead  with  which  it  forms  the  compound  C*H*0*.2Pb"0.  It  is  coloured 
deep  violet-red  by  ferric  chloride,  and  produces  with  chloride  of  lime,  a  reddish-yellow 
colour  which  however  soon  disappears.  It  forms  a  compound  with  potash^  which  gra- 
dually separates  in  red-brown  drops  from  the  alcoholic  extract  of  the  product  obtained 
by  boiling  phloretin  with  potash. 

Decompositions.^  AmmomBCsl  phloroglucin  shaken  up  with  air,  becomes  red-brown 
and  afterwards  opaque.  Phloroglucin  in  concentrated  aqueous  solution  is  converted  by 
bromine  into  t  ri  bromo  -phlorogl  u  cin,  which  immediately  separates  in  the  crystalline 
form,  the  liquid  becoming  hot,  and  emitting  a  highly  tear-exciting  odour.  Nitric  acid 
dissolves  it  with  brown  colour,  and  converts  it  into  nitrophloroglncin  (p.  496). — 
Ammonia  converts  it  into  phloramine,  C*H'NO'  (p.  488).  It  reduces  an  alkaline  solu- 
tion of  cupric  oxide,  like  grape-sugar.  It  reduces  mercurous  nitrate  when  heated  with 
it>  and  likewise  nitrate  of  silver,  with  peculiar  quickness  on  addition  of  ammonia. 
With  chloride  of  acetyl,  chloride  of  benzoyl,  &&,  it  forms  substitution-products,  p.  496). 

Derivatives  of  Phloroglucin, 

Trl1»romi»pbloror>votn«  C*H*Br»0».  (Hlasiwetz,  Ann.  Ch.  Pharm.  xcvi. 
118.) — Produced  by  dropping  bromine  into  concentrated  aqueous  phloroglucin  till  the 
colour  of  the  bromine  is  no  longer  destroyed,  and  the  liquid  has  solidified  to  a  crystalline 
pulp ;  the  product  is  then  collected  on  a  filter,  washed  with  cold  water,  and  recrystal- 
lifted  from  boiling  water  with  help  of  animal  charcoal. 

It  crystallises  from  water  in  long  needles  (mostly  brownish),  from  alcohol  in  con- 
centrically united  prisms,  containing  C«H'Br*0*.3H*0,  which  give  off  their  water  in 
warm  air,  or  at  100°,  and  are  reduced  to  anhydrous  t^ibromophlorogluciu.    The  com- 
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pound  diflsolTes  yeiy  slightly  in  cold,  more  freely  in  boiling  tpot^r,  but  appears  to  be 
partly  decomposed  by  continued  boiling.  It  dissolves  very  readily  in  alcohol,  and  with 
brown  colour  in  aqueous  alkalis  and  alkaliue  carbonates. 

Vltroptalorovlaolii.  C*H*NO' »  G'H*(NO*)0*.  (Hlasiwetz  andPfanndler, 
Ann.  Ch.  Pharm.  cxix.  199.) — ^When  phloroglucin  is  added  by  small  quantities  to  some- 
what dilute  nitric  acid  moderately  heated  and  kept  at  a  uniform  temperature,  a  deep 
xed  solution  is  formed,  which  deposits  the  nitro>oompound  in  small  nodules :  by  reciys- 
tallisation  fix>m  hot  water  it  may  be  obtained  in  reddish-yellow  shining  s<»les  and 
laminse,  haying  a  slightly  bitter  taste.  It  is  slightly  soluble  in  water,  forming  a  yellow 
solution. 

Aoetjl-plileroglaelii.  C>*H"0*  »  C*H^C*H*0)*0*?  (Hlasiwetz  and 
Pfaundler,  Ann.  Ch.  Pharm.  cxix.  201.) — Chloride  of  acetyl  acts  on  phloroglucin  even 
at  mean  temperatures,  and  at  higher  temperatures  converts  it^  with  evolution  of  hydro- 
chloric acid,  into  a  white  crystalline  mass  of  the  acetyl-eompound  which,  After  the 
excess  of  chloride  of  acetyl  has  been  expelled,  may  be  recrystauised  from  alcohol.  It 
forms  small  oolom'less  prisms  which  give  off  acetic  acid  when  heated,  and  are  insoluble 
in  water.  Its  rational  formula  is  deduced  from  the  analogy  of  benzoylphlorogluoin, 
analysis  giving  no  means  of  determining  whether  1,  2,  or  3  at.  acetyl  have  entered  into 
the  phloroglucin  in  place  of  hydrogen,  inasmuch  as  all  three  products  would  have  the 
same  per-centage  composition.    (Hlasiwetz.) 

Bensoyl-vbloroi^aela.  C'H'K)'  -  C*H*rC'HK))*0*.  (Hlasiwetz  and 
Pfaundler,  ^.  cit.) — ^Produced  by  the  action  of  chloride  of  benzoyl  on  phbroglucin, 
and  purified  by  boiling  with  alcohol,  in  which  it  is  nearly  insoluble.  Crystallises  in 
small,  white,  shining  scales. 

WKLOnOMm  C"H"0*.  (Bommier  and  Bouilhon,  Compt  rend.  Iv.  214.)— 
This  compound,  homologous  with  quinone  (CH^O*),  is  produced  by  distilling  2  pts.  of 
coal-tar  creosote  (the  portion  of  crude  carbolic  acid  boiling  between  195^  and  220^), 
and  3  pts.  oil  of  vitriol  in  a  capacious  retort,  adding  chromate  of  potassium  (or  better, 
peroxiae  of  manganese)  from  time  to  time.  A  yellow  distillate  is  thus  obtained  mixed 
with  yellow  drops  which  quickly  solidify,  and  may  be  purified  by  pressure  between 
paper  and  recrvstallisation  from  water  at  60^.  It  forms  splendid  yeUow  flexible  needles, 
soluble  in  aloonol,  only  slightly  soluble  in  cold  water,  and  smelling  like  quinone.  It 
melts  at  60^ — 62^,  and  volatilises  with  vapour  of  water,  part  of  it  however  being 
blackened  and  decomposed  at  the  same  time. 

The  solution  of  phlorone,  like  that  of  quinone,  is  turned  brown  by  alkalis,  and  then 
yields  a  brown  fiocculent  precipitate  with  acids.  Phlorone  is  decolorised  and  reduced 
by  sulphurous  add^  yielding  a  very  soluble  crystalline  body,  probably  homologous  with 
bydroquinone ;  it  does  not  act  on  polarised  light. 

Metaphlorone.  This  is  a  less  soluble  isomeric  modification  of  phlorone,  which 
remains  behind  when  phlorone  is  dissolved  in  water  at  60^,  but  crystallises  in  small  needles 
from  water  at  90^.  It  melts  at  126^,  dissolves  in  hot  water  somewhat  more  readily 
than  in  cold,  and  behaves  to  acids  and  alkalis  like  phlorone. 

PBOCnZO  ACXD.    Syn.  with  Delphinio  Acm  (ii.  309). 

PBOCSVXK  or  VBOOSWXV.    Syn.  with  Dblphin  (ii  309). 

PBdSBZCZB.    Syn.  with  Sulfhofhcenicic  Aced.    See  Indioo-sulphttbic  Acros 
(iii.  261). 
VBCBBZCXTB  or  VBOnnBOCBBOZTBi  Syn.  with  Melom^chboitb  (iii.  866). 

VBOIABZTB.  A  kind  of  clay,  not  differing  much  from  Kaolin  in  composition, 
but  occurring  in  soft,  white  nacreous  scales.  Specific  gravity  2'35 — 2-57.  Infusible. 
Occurs  at  Fins  in  the  dept.  of  Allier,  and  at  Rive  de  Gier,  dept.  de  la  Loire,  Franct^, 
filling  fissures  in  nodules  of  iron  ore  in  the  coal  formation  ;  also  at  Cache- Apris,  at 
Mous  in  Belgium ;  with  emerv  at  Naxos,  and  with  diaspore  at  Schemnitz  (Dan a);  in 
fissues  of  the  bluish-grey  sandstone  of  Lod^re  in  H^rault  (Pis an  i)  near  Freiberg,  &e. 
(B.  Muller,  Jahresb.  1861,  p.  1003.) 

Syn.  with  CLnoLSTOMB  (i.  1025). 
or  Pseudomorphine,    See  Mobfhimb  (iii  1051). 
Syn.  with  Camphobonb  (i.  733). 
Syn.  with  Oxtchxx>bidb  of  Cabbox  or  Chlobidb  of  Cabbomtl 
(i.  774). 
PBOSaBMZTB.    Chlorocarbonate  of  Lead  (iii.  339). 

VBOaVBACBTIO  JBLOXDm  One  of  the  acids  which  Zeise  obtained  by  the  action 
of  phoqihortts  on  acetone  (i  28). 
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YBOSVnAX.  PHN*.  (H.  Bose,  Pogg.  Ann.  xxviiL  629.~Gerbardt,  Ann. 
Ch.  Phys.  [3]  xviii.  188»— Schiff,  Ch.  Phann.  ciii.  188.)— This  compound  is  the 
nitrile  of  phosphoric  acid»  its  relation  to  that  acid  being  similar  to  that  of  acetonitrile 
to  acdtic  add : 

C*H*0*     +      NH»    -     2BP0      «      C«H«N. 

Areilc  acid.  Acetonitrile. 

PH«0*      +     2NH«     -     4H«0      -      PEN*. 

Phoiplioric  acid. 

It  is  obtained :  I.  By  passing  ammonia-gas  orer  pentachloride  of  phosphoros,  and  heating 
the  product  in  a  stream  of  carbonic  anhydride  (H.  Kose).  According  to  Rose  the 
compound  thus  formed  is  a  dinitride  of  phosphorus,  PN';  btit  according  to  GFerhardt  it 
has  the  composition  above  given,  its  formation  taking  place  as  shown  by  the  equation : 

PC1»     +     2NH«       «.      6RCi     +     PHN». 

2.  By  saturating  phosphoric  anhydride  as  completely  as  possible  with  ammonia-gas, 
and  heating  the  product  in  a  dry  cuirent  of  that  gas  (Schiff) : 

P»0»     +     4NH»       -      2PHN«     +     6H«0. 

On  treating  the  product  with  cold  water,  phosphoric  add  dissolves,  and  phospham 
remains. 

Phospham,  prepared  by  the  first  process,  isabnlky  powder,  white  if  moisture  has  been 
carefully  excluded  during  its  preparation,  reddish  in  the  contrary  case;  as  obtained  by. 
the  second  process  it  is  yellowish-red.  When  heated  in  a  close  vessel  it  neither  fusea 
nor  volatilises.  Water  decomposes  it  at  a  high  temperature,  forming  ammonia  and 
phosphoric  add,  and  it  is  decomposed  in  like  manner  by  fiisioa  with  hydrate  of 
potasdnm. 

H    )^ 

9BOSVBAinc  AOZO.    PH^NO'  «  (PO)"  Vq.— This  compound  is  produced, 

according  to  Schiff  (Ann.  Ch.  Phann.  dii.  168),  by  the  action  of  ammonia-gas  on 
phosphoric  anhydride,  according  to  the  equation : 

P«0»     +     2NH»      -      2PH«N0«     +     HK), 

also  by  the  action  of  water  on  chloronitride  of  phosphorus : 

NPCl*     +     2H»0       -      PH«NO«      +     2HCL 

Gladstone,  however  (Chem.  Soc  J.  zviL  229),  has  shown  that  the  product  formed  in 

.       .  ='    ^N« 

both  these  reactions  is  pyrophosphodiamic  add,  P*N*H*0*  «  (P*0")»'  ^^^  according 

to  the  equations : 

.P«0»     +     2NH«       «      P«N«H«0». 
2N«P»C1«     +   16H«0       -     3P«N»H«0»     +     12HCL 

(See  Ptbophosfhamic  Acids.) 

Phenyl^photphanUe  acid,  (PO)"'  >q. — Aniline  acts  strongly  on  phosphoric  anhydride, 

apparently  producing  this  compound  (Schiff)  [or  perhaps  phenyl-pyrophosphodiamic 

acid].  

PH08VBABIZDBS.  These  are  compounds  formed  from  one  or  more  molecules  of 
ammonia,  by  the  substitution  of  phosphatyl,  PO,  for  3  atoms  of  hydrogen.  (Gerhardt^ 
Ann.  Ch.  Phys.  [3]  xviii.  188. —H.  Schiff,  Ann.  Ch.  Pharm.  cL  300.) 

1.  Phosphomonamidej  N(PO)"'.  (Gerhardt's  Biphosphamide. ) — This  compound, 
which  contains  the  elements  of  mono-ammonic  phosphate  minus  3  at«  water  [PH*(NH^) 
O^  —  3H^],  is  obtained  by  heating  phosphodiamide  or  phosphotriamide  without  access 
of  air: 

N'H'PO     -    NH«      ^      NPO. 

Phosphodi- 
amide. 

N«H»PO     -     2NBP     -       NPO. 

Phospbo-triamide. 

It  is  a  pulverulent  substance  resembling  pbospho-triamide  in  its  reactions,  but  stiU 
more  difficult  to  decompose. 

2.  Phosphodiamide^^  -at    [  ^*    (Gerhardt's  Phosphamide. ) — This  amide  which 

may  be  regarded  as  diammonic  phosphate,  PH(NH*)*0',  rniniu  3  at.  water,  is  produced : 
1.  By  saturating  pentachloride  of  phosphorus  with  ammonia-gas,  whereby  thn  so-called 
Vol.  IV.  K  K 
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cMorophosphamidef  N'H^PCl',  appears  to  be  first  formed,*  and  boiling  this  prodiiet  inth 
water: 

PCI*  +     4NH«       -      N«H*PCl«     +     2NH«a 

and  '      N«H*PC1«    +       H«0       «       N«H«PO       +     3HCL 

The  product  is  purified  by  boiling^,  first  with  caustic  ^taah,  then  with  nitric  or  sul- 
phuric acid,  and  finally,  by  washing  with  water.  It  is  a  white  powder,  insoluble  in 
water,  alcohol,  and  oil  of  turpentine.  When  heated  without  access  of  air,  it  gives  o£f  am- 
monia, and  leaves  phosphomonamide ;  but  if  moisture  be  present,  it  yields  ammonia 
and  metaphosphoric  acid.  Fused  with  hydrate  of  potassium,  it  gires  c^  ammonia  and 
leaves  phosphate  of  potassium.  It  resists  the  action  of  most  oxidising  agents ;  but  is 
slowly  oxidised  by  fUsion  With  nitre,  and  deflagrates  with  chlorate  of  potassium. 

liebig  and  Wohler,  who  discovered  this  compound,  supposed  it  to  be  a  hydrate  of 
phosphide  of  nitrogen,  PN*.H*0. 

3.  Phosphotriamide,  ^^^fl^^  -  P(NH*)»0*  -  3H»0.— When  diyammoniacal 

gas  is  slowly  passed  into  oxychloride  of  phosphorus  (chloride  of  phosphatyl,  POCl*), 
and  the  product  afterwards  treated  with  water,  a  solution  of  sal-ammoniac  is  obtained, 
together  with  a  snow-white,  amorphous  insoluble  substance,  which  is  phosphotriamide: 

P0C1»  +   6NH»     -     3NH*a  +  N«H«PO. 

This  compound  is  scarcely  attacked  by  continued  boiling  with  water,  potash-ley,  or 
dilute  adds.  It  is  very  slowly  decomposed  by  boiling  with  strong  nitric  or  hydro- 
chloric  acid,  more  readuy  by  aqua-regia.  Strong  sulphuric  or  nitro-sulphuric  acid 
dissolves  it  easily  at  a  gentle  heat»  forming  a  solution  which  contains  ammonia  and 
phosphoric  add.  It  is  not  completely  decomposed  by  heating  with  soda-lime.  When 
fusea  with  hydrate  of  potassium,  it  gives  off  a  large  quantity  of  ammonia,  and  leaves 
phosphate  of  potassium.  Heated  alone,  out  of  contact  of  air,  it  also  gives  off  ammonia, 
and  leaves  phosphomonamide,  which,  on  being  heated  with  potash,  evolves  more 
ammonia^  and  leaves  phosphate  of  potassium. 

(POf  J 

Triphen^l'pho9photriamidef{C^K^)*\N*f  is  obtained  by  the  action  of  anhydrous  ani- 
line on  oxychloride  of  phosphorus ;  it  is  a  white  mass,  more  easily  decomposible  than 
phosphotriamide. 

(por ) 

Trinaphthyl-phoaphoiriamide,  (CH*)*  vN',  is  obtained  in  like  manner  by  the  action 

H«     ) 
of  naphthylamine,  (C*"H')IPK,  on<oxychloride  of  phosphorus. 

Brdphophosphotriamide,  ^  -ao  [  ^\  u  obtained  by  treating  sulphochloride  of  phos- 
phorus, PSCl',  with  ammoniacal  gas ;  it  is  also  a  white  mass,  whicl\  is  decomposed  by 
water,  with  evolution  of  sulphydnc  acid  gas. 

THphenyUnUphophotphotriamide^  (C'H*)*  IN' ;  is  obtained  in  like  manner,  by  the 

action  of  aniline  on  sulphochloride  of  phosphorus.  (Schif(  Ann.  Ch.  Phaxm.  d. 
300.) 

:rB08PBAMllI0X'ni1IKS.      Bases  formed  on  the  mixed  type,   ^^p  |  ;  for  ex- 

(C«HO'|j- 
ample,  ethylene-tnTncthyl'tHethyl-phosphamTtumiuin^    (CH')"fp 

(C«H*)»)^- 

TUnniK  and  PHOSPBABmb-rBZinBITBT- 

(See  Phosfhobus-basxs.) 

VBOaPBAVIUC  ACZB.    Syn.  with  Phsntl-fhosphahic  Acid  (p.  498). 

PBOSPBAlfTZllKOWZO  JLCZB.  This  name  is  applied  to  the  solution  obtained 
by  dropping  pentachloride  of  antimony  into  aqueous  phosphoric  add.  It  predpitates 
certain  alkaloids,  morphine,  narcotine,  nicotine,  &c. 

Bases  formed  on  the  mixed  type,  -.wtAsC'  ^'^'  ^^^^ 

fC'H^V )  P 
C*H*Mas' 

*  The  iictioa  or  cmmonla  on  pentachloride  of  phosphonii  U  complicated,  teveral  prodactt  befog 
formed,  one  of  which  ii  chloronltride  of  photphoriu,  F*N'C1*, 


PBOBPBABSOminMW. 
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^HOSPBATSB*    ^e  Fhosphobusii  Oxidbs  akd  Oxtoen-acids  of. 

VB08PBATIC  ACX3>«  Hypophosph&ric  acid.  PcHetier's  Phosphorous  acid. — 
These  names  are  applied  to  the  8}TUpy  miicture  of  phosphoric  and  phosphorous  acids 
produced  by  the  Slow  cotaibustion  of  phosphorus  in  moist  air.  A  convenient  way  of 
preparing  it  is  to  introduce  a  number  of  separate  sticks  of  phosphorus  into  glass 
tabes  an  inch  long,  open  above  and  below,  but  drawn  out  funnel-shape  at  the  bottom, 
these  tubes  being  arranged  in  a  funnel,  and  the  funnel  inserted  into  a  bottle  which 
fctands  in  a  dish  containing  water.  The  whole  arrangement  is  covered  with  a  bell-jar, 
but  in  such  a  manner  as  to  give  access  to  the  external  air,  which  however  should  not 
be  very  warm  as  in  that  case  the  phosphorus  may  melt  and  take  fire.  The  acid  which 
collects  in  the  bottle  is  equal  to  three  times  the  weight  of  the  phosphorus  consumed, 
but  may  be  obtained  in  a  more  concentrated  state  by  evaporation.  It  is  a  mixture  of 
about  1  at.  phosphorous  acid  to  4  at.  phosphoric  add. 

VBOSPBBTBZC  ACZB.  The  name  given  by  Zeise  (Ann.  Ch.  Pharm.  zli.  31) 
to  an  acid  which  he  •btained  by  the  action  of  finely  divided  phosphorus  on  ether. 

See  Phosfhobus-basbs. 

9B08PBZBB8.  Compounds  of  phosphorus  with  more  basic  elements  or  com- 
pound-radicles. The  phosphides  of  hydrogen  have  been  already  described  (iii.  199) ; 
also  the  general  characters  of  the  metsllic  phosphides  (iii.  941);  for  the  special 
descriptions,  see  the  several  metals.  The  phosphides  of  the  alcohol-radicles,  e.ff.  tii- 
ethyl-phosphine  {CWyP,  will  be  described  under  Phosphobub-basbs. 

PB08PBZT88.    See  Phosphobus,  Oxtobn-actos  or. 

PBOSPBO-BBBXABno  ACXB.  An  acid  produced  by  the  action  of  phos- 
phoric anhydride  on  oil  of  bergamot  (i.  681). 

Native  phosphate  of  oerinm.    (See  Phosfhatbs.) 

Native  hydrated  cupric  phosphate.  (See  Phosfbatbs.) 

PB08PB00&TCBBZ0  ACZB.    Syn.  with  Oltcbbofbosprobio  Acm  (il  891). 

PBOSPBO-BnBOqUZVOWZO  ACZB.  OHTO*.  (See  Dbbivativbs  ov 
HxDBOQuiNOini,  iii.  217.) 

PBOSPBO^^nTBTUUK^ )     g     Phosfbobus-basbs 

PB08PB0aCBTBTZK.TBZ8TBT&ZUlC.  J     °^  Jr^OSPHOBUS-BASBS. 

PBOSPBOaCOliTBBZC   ACZD.    See  Moltbdbnum  (ui.  1037). 
PBOSPBOBSBCBNTCB.    See  Liobt  (iii.  590,  6S2.) 


PB08PB0BZ0   ACZB. 
PB08PB0BZC    BTBBB8 


>     See  Phosphobus,  Oxtobn-aods  of. 


A  massive  radiated  variety  of  apatite  (i.  848),  chiefly  obtained 
from  Estremadura  in  Spain  and  Schlackenwald  in  Bohemia. 

PBOSPBOBOCBAliCZTB.  A  variety  of  hydrated  cupric  phosphate.  (See 
Phosphatbsw) 

PB08PB0B0SAIIKZBBS.  Amides  in  which  3  at  hydrogen  are  replaced  by 
1  at.  phosphorus.  Trichloride  of  phosphorus  absorbs  3  at.  of  ammonia,  forming  a 
white  nuiss  of  sal-ammoniac  and  phosphoroso-triamide,  N'H^"  : 

PCT  +   6NH«     -     3NH*C1   +  N«H«P. 

This  mass  when  heated  out  of  contact  with  the  air,  gives  off  ammonia  and  sal-ammo- 
niac, leaving  a  yellowish  amorphous  residue  which  has  been  described  as  a  phosphide 
of  nitrogen,  but  which  in  all  probability  is  a  mixture  of  phosphoroso-di amide, 
N«H*F^  and  phosphoroso-monamide,  NP". 

PB08PB0B0V8  ACZB  ABB  8TBBR8.  See  Phosphobus,  OxTOSN-Acros 
of. 

PB08PB0Bir8.  Atomic  Wfight  31.  Symbol  P.  Combining  vofvmei.  Vapour- 
density,  by  calculation  »  62  referred  to  hy(&ogen  as  unity ;  4*284  referred  to  air ;  by 
observation,  62*1  and  4*35. 

This  element,  though  very  widely  difiused  in  water,  is  never  found  in  theuncombined 
state,  but  almost  always  in  the  form  of  a  metallic  phosphate,  and  chiefly  as  phosphate 
of  calcium,  which  forms  the  principal  constituent  of  apatite,  phosphorite,  coprolites,  ftc. 
Combined  phosphoric  acid  is  also  found,  though  in  very  minute  proportions,  in  most  of 
the  primitive  rocks,  and  in  soils  produced  by  their  disintegration,  whence  it  is  taken  up 
by  plants,  aoenmulating  chiefly  in  the  seed.    From  the  vegetable  h  passes  into  the 

K1L2 
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animal  kingdom,  where  it  exists  in  the  largest  proportion.  It  is  found  in  tlie  blood,  in 
the  urine,  in  all  the  soft  tissues,  especially  the  nerrous  tissue,  and  in  the  bones,  of 
which  indeed  phosphate  of  calcium  constitutes  the  chief  earthy  constituent.  Traces  of 
phosphoric  acid  have  also  been  found  in  the  water  of  springs  and  rivers,  and  according 
to  Barral  (Compt  rend.  li.  769)  in  rain-water. 

Phosphorus  was  discovered  in  1669  by  Brandt  of  Hamburg,  who  obtained  it  by 
distilling  the  residue  of  evaporated  urine  with  charcoal.  Gahn  in  1769  showed  it  to 
be  a  constituent  of  bones,  and  Scheele,  six  years  later,  founded  on  this  observation  a 
process  for  the  extraction  of  phosphorus  from  bones,  namely  by  digesting  white-burnt 
bones  for  several  days  with  dilute  nitric  acid,  removing  the  Ume  by  sulphuric  acid, 
evaporating  to  a  syrup,  and  distiUing  with  charcoal  powder.  This  process  was  simpli- 
fied by  Nicolas  and  Pelletier  (J.  Phys.  xi.  and  xxviii.)  who  decomposed  the  bone- 
ash  directly  with  sulphuric  acid ;  and  Fourcroy  and  Yauquelin  (J.  Pharm.  i.  9) 
afterwards  determined  the  exact  proportion  of  sulphuric  acid  required  for  the  complete 
decomposition  of  the  bone-earth.  ^ 

Bone-earth  consists  mainly  of  tricaleic  phosphate  Ca'P'O*.  Now  earthy  and  alkaline 
phosphates  containing  3  atoms  of  metal  are  not  decomposed  by  ignition  with  charcoal,  but 
phosphoric  acid  and  anhydride  are  completely  reduced  by  this  treatment,  while  the 
metaphosphates,  which  may  be  regarded  as  compounds  of  trimetallic  phosphates  with 
phosphoric  anhydride  («.  ^.  3CaP*0«  «  Ca«P«0"  +  2P*0*),  are  partially  reduced.  The 
first  step  therefore  in  tlie  manufactuite  of  phosphorus  consists  in  the  production  of  ealdc 
metaphosphdte. 

Bones  are  burnt  to  a  white  ash  which  is  finely  powdered  and  mixed  with  a  quantity 
of  dilute  sulphuric  acid  sufficient  to  abstract  two-thirds  of  the  calcium  from  the  calde 
triphosphate  and  to  decompose  the  whole  of  the  calcic  carbonate  contained  in  the  bone- 
ash.  About  3  pts.  bone-ash  and  2  pts.  strong  sulphuric  acid  mixed  with  18  pts.  water 
are  tha  proportions  generally  employed : 

Ci«P«0«  +  2H»S0*     -     Ca''H<P«0«  ♦   2Ca'30*. 

After  subsidence,  the  soluble  monocalcic  phosphate  (superphosphate  of  lime)  is  strained 
and  pressed  from  the  insoluble  gypsum,  which  is  slightly  washed  with  water.  The 
washings  are  added  to  the  phosphate  solution,  which  is  then  evaporated  to  a  syrup,  mixed 
with  about  one-fourth  its  weight  of  charcoal  powder,  and  heated  gradually  to  aull  red- 
ness in  an  iron  pot,  stirring  Sil  the  time.  By  this  means  the  basic  water  of  the  mono- 
calcic  phosphate  \b  drawn  off,  and  a  porous  mixture  of  charcoal  and  metaphosphate  is 
obtained : 

Ca-'H^P'O"     -     Ca'P'O*   +  2H«0; 

and  on  distilling  this  mixture  at  a  bright  red  heat|  phosphorus  is  set  free  and  passes 
over  in  vapour,  which  may  be  condensed  under  water ;  carbonic  oxide  also  escapes  and 
tricaleic  phosphate  is  reproduced  and  remains  behind : 

SCaT'O*  +  €'•     -     Ca«P«0»  +    lOCO  +  P*. 

By  mixing  sand  with  the  charcoal-paste,  as  recommended  by  Wo  hie  r,  the  whole  of 
tiie  phosphorus  may  be  expelled,  the  calcic  phosphate  being  entirely  converted  into 
silicate  * 

2Ca'T«0«  +   2SiO«  +   C»»     «     2Ca''SiO«  +   lOCO  +  P*. 

The  distillation  is  performed  in  an  earthen  retort  a  {fig,  735),  which  is  coated  ex- 
temallv  with  a  thin  paste  consisting  of  a  mixture  of  equal  part«  of  borax  and  flre-clay 
to  render  the  retort  less  porous.  The  heat  is  slowly  raised  to  full  redness,  and  the 
phosphorus,  which  rises  in  vapour,  is  conveyed  by  a  wide  copper  tube,  bent  as  at  6,  so  as 
to  dip  into  water  contained  in  a  vessel  provided  with  a  smaller  tube  for  conveying 
the  uncondensed  gases  into  a  chimney.  The  phosphorus  condenses  in  yellow  drops 
which  sink  to  the  bottom  of  the  water,  without  coming  in  contact  with  the  air.  On 
the  large  scale  a  number  of  retorts  containing  the  mixture  are  heated  in  a  galley-fumaoe. 

According  to  calculation  the  yield  of  phosphorus  by  the  method  above  described  (not 
using  sand)  should  amount  to  1 1  per  cent,  of  the  bone-ash,  and  in  carefully  conducted 
operations  diis  amount  is  in  feict  obtained,  but  the  average  yield  does  not  exceed  8  per 
cent.,  the  loss  arising  principally  from  difficulties  in  the  process  of  distillation.  The 
consumption  of  fuel  is  also  very  large,  and  the  cost  of  the  process  is  greatly  increased 
by  the  frequent  breakage  of  the  earthen  retorts.  It  has  not  yet  been  found  possible  to  ob- 
viate  these  inconveniences  in  the  process,  and  accordingly  the  efforts  of  manufacturers  have 
rather  been  directed  to  make  up  for  the  unavoidable  losses  involved  in  the  preparation 
of  phosphorus,  by  a  judicious  application  of  the  secondary  products,  especially  by  making 
use  of  the  animal  matter  of  the  bones,  which  was  formerly  allowed  to  burn  away. 

With  this  view  the  bones  are  first  freed  from  fat  by  boiling  them  with  water  and 
skimming  off  the  liquid  fat  which  floats  on  the  surface ;  this  fot  may  be  used  for  the 
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preparation  of  noap.  The  bunei  ue  then  aithar  an1)jected  to  the  action  of  Bnpra}ipat«t 

,     .1    _.i_.! ..__ ,__._3   __j  .L lining  earthy  matter, 

IS  iibore  dc- 


•cribed ;  or  they  am  tnuted  with  dilnt?  hjdrochloric  acid,  which  dissolves  out  the  earthy 
matter  and  leares  the  CBrtilamDans  sabstance  is  a  state  available  fur  the  prepsiatiou 
of  sf  latin  ;  and  the  acid  solution  is  precipitated  with  milk  of  time,  or  better  with  crude 
earbonate  of  ammonia,  wherrby  Iricalcic  phosphate  in  obtained,  to  be  used  as  above. 

Another  mode  of  operation  TOnsistsin  subjecting  the  boneatodestnictiTediBlillatioa, 
whereby  ammonium -salts  and  bone-charcoal  are  obtained.  The  latter  ia  either  Brst 
lued  in  the  refining  of  sugar,  and  alter  it  has  become  uaaTailable  for  this  purpoBc  cal- 
cined for  the  preparation  of  phoBphoms ;  or  it  is  purified  by  exhaostion  with  hot  hydro- 
chloric acid,  and  the  solution  separated  from  tne  purified  charcoal  (noiV  purifii)  is 
tninsbrmed  as  above  into  tricalcic  phosphale. 

Of  late  years,  proeesseB  of  manufacture  hare  b'en  proposed  vbich  dispenae  with  the 
neceesitj  of  decomposing  the  bones  with  Bulphtuic  acid.  FlecJt  (Polyteckn.  Cenlralbl. 
IS56,p.63l;  Pharm.  J.  Trans,  xvi,  173)  muceratcjthe  boneswith  dilute  hydrocblorie 
acid,  and  eraporatea  the  decanted  solntion  to  such  a  decree  of  concentration,  that  on 
coaling  it  deposits  crystals  of  add  phosphate  of  caluiam.  This  salt,  after  being  freed 
from  mothei^liquor  by  presanre  between  porous  Btoytfe,  is  mixed  with  a  fourth  part  of 
ita  weight  of  wood-chiarcoal  and  distilled. 

Carj-Mantrand  (Compt.  rend,  zixri.  8S4)  pasaea  bydrodilorio  acid  gas  over  a 
mixture  of  bone-phoaptiate  and  charcoal  at  a  red  heal,  whereby  the  whole  of  the  phos 
phoniB  il  set  free  and  chloride  of  calcium  remains: 

CiTK)'  +  C  +  6Ha  -  3Ca"a'  +  SCO  +  H*  +  P". 
This  mixture  ia  introduced  into  flre-clay  cylinders  open  at  both  enda,  laid  horixontallj 
in  a  taraaee,  connected  at  one  end  with  an  appamtua  for  generating  hydrochloric 
acid  gM,  and  provided  at  the  other  with  copper  adapters  dipping  into  receivers  con- 
taining wat«r.  At  the  cloea  of  an  operation,  the  rendn?  of  chloride  of  calcium  and 
charcoal  may  be  removed  &om  the  cylinders  and  a  fraah  charge  introduced,  withoat 
putting  out  the  fire.  The  chloride  of  calcium  may  be  dejiimpaBed  by  autphnric  add.  so 
aa  to  yield  hydrochtorie  acid  for  the  next  operation.  It  dops  not  appear  however  that 
either  this  or  the  preceding  process  hn.i  yet  been  adopted  on  the  manufacturing  scale, 
the  old  procMS  by  Nicolas  and  Pelletier  being  that  which  is  ioTariably  nsed. 

PvrifirxUien. — The  crude  phoaphoms  obtained  by  the  first  diatillation  ia  contaminated 
with  oxide*  of  phosphorus,  red  phoaphortia.  and  other  substances  which  give  it  a  red  or 
btomi  colour,  It  is  purified  by  mechanical  filtration  or  pressore  through  chalnois- 
leather,  by  redistillation,  or  finally  by  chemical  means,  via.  by  fusion  and  partial  oxi- 
dation. The  old  method  of  pressing  through  ehamois-lealhpr  appears  to  be  no  longer 
in  nse,  the  eapply  of  ehamoiii-leBther  in  fact  not  being  anfflcient  tor  the  purification  of 
the  large  qnaotiliee  of  phoepborus  now  mannfaclured.  The  flltrntion  through  sLibB  uf 
(hamotte-atone,  or  Ujen  or  chm>al,  introduced  into  French  manufiictorite,  has  been 
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abandoned  as  too  slow.    The  pnriflcation  of  phosplioras  by  redistillation  is  simpler, 
but  is  attended  with  some  loss  and  involves  a  considerable  expenditure  of  fneL 

In  most  manufactnres,  the  purification  of  phosphorus  is  now  successfully  and  eoono- 
mically  effected  by  ti«atinff  the  crude  product  with  sulphuric  add  and  chromate  of 
potassium,  as  first  suggested  by  Wohler.  For  this  purpose  a  mixture  of  chromate  of 
potassium  and  sulphuric  add  is  added  to  the  melted  mass  of  crude  phosphorus.  The  red 
phosphorus  appears  then  to  be  oxidised  firsts  and  the  impurities  rise  to  the  surface  in  the 
form  of  a  scum,  while  the  pure  phosphorus  remains  colourless  and  transparent  at  the 
bottom  of  the  Tessel. 

Motdding. — Phosphorus  is  fluently  sent  into  the  market  in  sticks.  This  shape  was 
formerly  given  to  it  by  drawing  the  melted  phosphorus  into  ^lass  tubes  with  the  mouth, 
care  being  taken  to  keep  the  upper  part  of  the  tube  filled  with  water.  This  dangerous 
method  has  however  been  entirely  superseded  by  the  following,  devised  by  Seubert 
(Ann.  Ch.  Pharm.  xlix.  346). — ^The  phosphorus  is  liquefied  in  an  ellipticid  or  conical 
vessel  containing  water,  which  is  kept  exactly  at  the  melting  point  of  phosphonis  (44®  C. 
or  1 1 1°  F.).  From  the  bottom  of  this  vessel  there  proceeds  an  elbow-tube,  connected  by 
a  socket  and  stopcock  with  a  horizontal  gkss  tube  soldered  into  the  side  of  a  vessel 
containing  cold  water.  On  openine  the  cock,  the  liquid  phosphorus  flows  into  the  hori- 
zontal tube,  where  it  solidifies ;  and  by  thrusting  a  copper  wire  a  little  way  into  the 
tube,  allowing  the  phosphorus  to  solidify  around  it,  and  then  gradually  with- 
drawing the  wire  with  th  e  stick  of  phosphorus  adhering  to  it,  the  melted  phosphorus 
will  continue  to  flow  into  the  tube  and  solidify,  and  may  then  be  drawn  out  into  a  long 
cylinder,  which  may  afterwards  be  cut  into  sticks  of  any  required  length. 

The  same  apparatus  may  be  used  for  the  granulation  of  phosphorus.  For  this  pur- 
pose, the  vessel  containing  the  horizontal  tube  is  filled  with  cold  water  only  to  just 
below  the  level  of  that  tube,  and  upon  it  is  carefully  poured  a  layer  of  warm  water,  a 
thin  board  being  interposed  to  prevent  the  warm  water  from  at  once  mixing  with  tlie 
eold.  On  opening  the  stopcock  to  a  moderate  extent,  the  melted  phosphorus  flows  to 
the  end  of  the  horizontal  tube  and  falls  out  in  successive  drops,  which  soUdify  in  passing 
through  the  cold  water,  and  collect  at  the  bottom  in  grains. 

Phosphorus  may  also  be  granulated  by  agitating  it,  while  in  the  fused  state,  with  a 
warm  liquid  tiU  it  solidifies.  For  this  purpose,  according  to  Cass  arc  a  (J.  Pharm. 
xvi.  202),  alcohol  of  36^  B.  is  better  adapted  than  water.  According  to  Bottger 
{Beitrdije  zur  Chemie  und  Pht/sik,  i.  65 ;  ii.  127),  the  liquid  which  reduces  phosphorus 
to  the  finest  state  of  granulation  is  human  urine  ;  and  it  derives  this  property  from  the 
urea  which  it  contains,  so  that  an  aqueous  solution  of  artifidal  urea  may  be  used  as  a 
more  cleanly  substitute  for  the  urine.  A  tall  cylinder  an  inch  wide  is  half  filled  with 
a  liquid  of  this  kind,  and  heat  applied  till  the  phosphorus  introduced  into  it  is  melted : 
the  phosphorus  is  then  worked  about  for  two  minutes,  by  means  of  a  twirling  stick 
whicn  passes  through  the  opening  of  the  wooden  cover  of  the  cylinder ;  it  is  thus 
brought  into  a  fine  state  of  division.  The  remaining  portion  of  the  cylinder  is  then 
filled  with  cold  water,  the  twirling  motion  bein^  continued  all  the  while.  When  the 
liquid  comes  to  rest,  the  phosphorus  is  deposited  in  the  state  of  powder ;  the  liquid  is 
then  poured  off,  and  the  phosphorus  washed  with  water.  Bespecting  the  supposed 
mode  of  action  of  the  urea,  see  Schiff  (Ann.  Gh.  Pharm.  cxviii.  88).  Blondlot  (J. 
Pharm.  [4]  i.  72)  recommends  the  use  of  sugar  or  of  a  salt  in  place  of  urea. 

To  the  larger  manufacturers  of  lucifer-matches  the  phosphorus  is  often  supplied  in 
solid  cakes  or  cheeses. 

For  further  details  on  the  preparation  and  purification  of  phosphorus,  seeBichard- 
son  and  Watts* s  Chemical  Technology^  vol.  i.  pt.  4, pp.  110 — 125;  also  Hofmann*8 
Report  on  Chimieal  Products  and  Processes  in  the  Exhibition  of  1862,  pp.  93—96. 

Properties. — Phosphorus,  when  freshly  prepared  and  quite  pure,  is  almost  perfectly 
transparent  and  colourless,  or  with  only  a  faint  yellowish  tinge.  It  melta  at44*',  form- 
ing a  viscid  oily  liquid  which  sometimes  retains  its  fluidity  when  cooled  several  degrees 
below  the  molting  point,  but  solidifies  instantly  when  touched  with  a  solid  body.  The 
specific  gravity  of  ordinary  phosphorus  is  variously  stated  at  from  1*77  {Berz.  Lehrb.  i. 
218)  to  2*09  (Bottger,  in  Gmelin's  Handbook).  According  to  Gladstone  and  Dale 
(PhiL  Mag.  [4]  xviii.  30),  the  specific  gravitv  of  solid  phosphorus  at  63°  is  1*823;  that 
of  phosphonis  remaining  liquid  below  its  melting  point,  1*763.  It  is  a  non-conductor 
of  electricity  both  in  the  solid  and  in  the  liquid  state. 

In  warm  weather  phosphorus  is  somewhat  flexible  and  may  be  bent  without  breaking, 
but  near  the  freezing  point  it  becomes  brittle.  When  phosphorus  is  broken,  it  exhibits 
a  crystalline  fracture,  but  distinctly  formed  crystals  of  phosphorus  cannot  be  obtained 
by  fusion,  except  when  a  very  large  quantity  is  operated  on.  Crystals  of  pho.«iphorua 
may  be  obtained  by  cooling  a  hot  saturated  solution  of  phosphorus  in  rock-oi^  or  in 
sulphide  of  phosphorus,  or  by  the  evaporation  of  its  solution  in  sulphide  of  carbon.  The 
i^r^stals  of  phosphorus  are  usually  either  regular  oct^eidrons,  or  rhombic  dodecahedrons. 
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Phosphonu  boils  in  doeed  yesseb  at  260^  (Heinrich),  288^  (Dalton),  290° 
(Pelletier,  Ann.  Ohem.  iv.  8).  Its  Taponr-density,  according  to  Deville  and 
Troost  (BnlL  Soc.  Chim.  t.  434),  is  4*35  at  500°  and  4*50  at  1040°  referred  to  air  as 
tmity.  The  former  number  gives  for  the  specific  gravity  of  the  yaponr  referred  to 
hydrogen  as  unity,  the  number  62*1,  which  is  rather  more  than  double  the  atomic 
weight  of  phosphorus.  Hence  it  appears  that  the  atom  of  phosphorus  in  the  gaseous 
state  occupies  only  half  the  bulk  of  an  atom  of  hydrogen  (see  Gasbs,  Coubination  of 
BT  TOJsWB,  ii  810). 

Phosphorus  is  insoluble  in  Vfotery  sliehtly  soluble  in  eiheTf  but  more  so  in  betieenef  oil 
of  turpentine  and  other  essential  as  wdl  as  infixed  oils.  It  is  also  fireely  dissolved  by 
chloride  of  sulphur,  trichloride  ofphosvhorus  and  sulphide  of  carbon. 

Phosphorus  is  extremely  inflammable,  taking  fire  in  the  open  air  at  a  temperature 
very  little  above  its  melting  point,  burning  witn  a  brilliant  white  flame,  and  emitting 
dense  white  fumes  of  phosphoric  anhydride.  If  it  contains  impurities  it  takes  fire  still 
more  easily,  the  heat  developed  by  slight  friction  being  often  sufficient  to  inflame  it. 
Phosphorus  must  therefore  be  handled  with  great  caution ;  a  bum  from  it  is  very  severe 
and  aifficult  to  heaL  It  must  always  be  kept  under  water  till  wanted  for  use;  it  may 
then  be  taken  out  and  dried  by  gentle  pressure  between  filtering  paper;  it  is  best  also 
to  cut  it  under  water.  When  a  solution  of  phosphorus  in  sulphide  of  carbon  is  dropped 
upon  filtering  paper  and  left  to  evaporate  in  the  open  air,  the  finely  divided  phosphorus 
wnich  remains  on  the  paper  absorbs  oxygen  bo  rapidly  that  it  immediately  takes  fire. 

The  fiame  of  hydrogen-gas  impregnated  with  phosphorus,  as  produced  by  the  intro- 
duction of  free  phosphorus,  hypophosphorous  acid  or  phosphorous  acid  into  Marsh's 
apparatus  (i.  362),  exnibits  when  exammed  by  the  spectroscope  two  intense  green  lines, 
one  of  which  coincides  with  a  line  in  the  barium-spectrum.  This  reaction  is  so  delicate 
that  it  will  distinctly  indicate  the  presence  of  phosphorus  in  the  hydrogen  evolved  on 
dissolving  ordinary  iron  wire  in  dilute  sulphuric  acid  (Chris  to  fie  and  Beilstein, 
CompL  rend.  Ivi.  399),  see  also  Seguin  {jbid.  liii.  1272). 

Phosphorus,  when  exposed  to  the  air  at  ordinaiy  temperatures,  gradually  absorbs  oxy- 
gen and  undergoes  a  slow  combustion,  giving  on  a  white  vapour  which  has  a  peculiar 
garlic  odour,  and  consists  of  phosphorous  anhydride  mixea  with  a  little  phosphoric 
anhydride,  or  if  the  air  is  moist,  of  tlie  corresponding  acids  (p.  499).  In  a  dark  room 
the  slowly  burning  phosphorus  and  the  vapour  given  off  firom  it  shine  with  a  greenish- 
white  light. 

The  slow  combustion  of  phosphorus  is  afiected  by  several  circumstances.  In  pure 
oxygen  of  ordinary  density  it  does  not  take  place  at  all  at  temperatures  below  15^,  but 
on  rarefying  the  oxygen,  or  diluting  it  with  nitroffen,  hydrogen  or  carbonic  anhydride, 
the  phosphorus  becomes  luminous  in  the  dark  at  Tower  temperatures.  *  In  the  air,  the 
luminosity  is  not  perceptible  at  temperatures  more  than  a  few  degrees  below  0^,  but 
becomes  sensible  at  that  temperature  and  increases  at  a  few  decrees  above  it.  Slow 
combustion  is  completely  prevented  by  the  adnuxture  of  certain  infiammable  vapours 
and  gases  in  minute  quantity  with  the  air ;  thus  if  air  be  mixed  with  ^  of  its  bulk  of 
olefiut  gas,  -y^  of  rock-oil  or  ^^  of  oil  of  turpentine  vapour,  a  stick  of  phosphorus 
no  longer  becomes  luminous  when  exposed  to  it. 

Bespecting  the  reactions  of  phosphorus  with  chlorine,  sulphur  and  other  elements, 
see  page  505. 

Madificatiofis  of  Phosphortis. — Phosphorus  is  capable  of  assuming  several  different 
fbrms  nnd^r  the  infiuence  of  causes  apparently  tnfiing. — a.  When  exposed  for  some 
time  to  light  under  water,  it  becomes  white,  opaque  and  scaly,  the  change  proceeding 
from  the  surface  inwards.  This  white  phosphorus  has  a  specific  gravity  of  1*515 ;  it  is 
somewhat  less  fusible  than  the  transparent  variety,  and  is  reconverted  into  the  latter 
by  a  temperature  not  exceeding  50^. — 0.  Another  modification  is  produced  by  the 
sudden  cooling  of  melted  phosphorus;  it  then  becomes  perfectly  blach  and  opaque,  but 
is  restored  to  the  transparent  colourless  condition  by  simple  fruion  and  slow  cooling. 
According  to  Blondlot  (Compt.  rend.  Ix.  830;  Bull.  Soc.  ChiuL  [2]  iiL  415),  this 
black  modification  is  the  type  of  pure  phosphorus.  He  obtains  it  by  first  purifying  or- 
dinary phosphorus  by  sevend  distillations  (in  hydrogen  gas),  then  exposing  it  to  the  sun 
and  mstilling  again.  The  product  collected  in  a  receiver  cooled  very  slowly  solidifies 
to  a  white  mass  which  suddenly  turns  black  when  the  temperature  of  the  condensing 
water  falls  to  5^  or  6°.  It  is  important,  however,  to  know  whether  the  hydrogen  used 
in  the  distillation  was  absolutely  pure;  since  the  least  trace  of  certain  metals  or 
metalloids  would  be  sufficient  to  blacken  the  phosphorus. — y.  A  viscous  modification , 
analogous  to  viscous  sulphur,  may  be  obtained  by  heating  very  pure  phosphorus  to 
near  its  melting  point,  and  suddenly  cooling  it. 

8.  Red  or  Amorphous  Phosphorus. — This,  which  is  the  most  remarkable  modification 
of  phosphorus,  is  produced  when  ordinary  phosphorus  is  exposed  to  the  action  of  light 
or  neat  in  an  atmosphere  oot  containing  oxygen,  or  when  it  is  heated  with  a  small 
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qiiBDti^  of  iodiiie,  It«pp»»wtoh»TB  been  fiat  noticed  by  Bor^eliuMrho  found  tJiBt 

phosphonu  nnder  the  inflnenca  of  coloured  light  ncquireB  ft  red  tint,  nithool  altemtion 
of  vighC.  and  at  the  mme  time  loses  itspropertjof  abiniiigiD  thedark.  Snbenonitlj 
in  1B44.  Emile  Eopp  (Compl.  rend.  ilii.  MB)  in  preparing  iodide  of  ethyl  by 
treating  alcohol  with  iodine  and  phosphorus,  obserred  the  formation  of  a  ird  modiflcs- 
tion  of  phoBphoroa,  amorphoua,  destitute  of  taale  and  odonr,  teiy  liltle  di^wefd  to 
oxidise  at  ordinary  temperatures  or  even  at  the  heol  of  the  watei^bath,  tuid  reroOTert- 
ible  into  ordinary  phos^oroB  by  diy  distillation.  These  obeerrationa  were  eonfiimed 
by  Bepz«Un9  {Bapport  Annuel,  1856,  p.  48-5),  and  by  Macchand  (J.  pr,  Chem. 
nxiii.  IS2>,  NsTCTthflesa  the  red  modi&cntion  of  phoophonu  did  not  attract  much 
attention  till  18S8,  when  Schrotter  showed  that  it  mi^t  be  prepared  by  aimply  ex- 
posing ordinary  pho^horua  to  light,  or  more  readily  by  beatjng  it  to  near  its  boiling 
point  ia  an  atmosphere  free  from  oijgen,  and  pubUahed  a  detailed  aoconnt  of  ita  pro- 
perties (Fc^.  Ann.  Luxi.  276).  Brudio  aflcrvarda  shoved  (in  1B52)  that  amDcphans 
phoaphoroB  may  be  produced  by  heating  phosphorus  with  a  small  quantity  of  iodine  in 
a  sealed  tube  Or  in  an  atmoapiiere  of  carbonic  anhydiide,  or  by  melting  phoapbona 
nnder  strong  faydiDohloiic  acid,  and  then  adding  a  small  quantity  of  iodilla.  (Chem.  Son. 
du.  1.  7.  269.) 


Amorphons  phosphorus  may  be  prepared  on  tlie  laboratory  scale  by  plaang  a 
quHi-.tity  of  dried  common  phosphorus  iu  the  hulb  of  a  flask  A  (/i;.  736)  to  the  neck  of 
which  is  attached  a  long  narrow  tube  b  bent  downwards  and  dipping  inb>  mercur^r;  the 
air  in  the  flask  is  displaced  bj  means  of  a  cnrrent  of  carbonic  anhydride,  which  ia 
supplied  from  the  bottle  E,  and  dried  by  passing  through  the  tube  F,  filled  with 
chloride  of  calcium ;  the  tube  is  then  sealed  at  the  narrow  portion  a,  and  the  apparatua 
which  supplied  the  carbonic  anhydride  is  remored.  Heat  ia  neit  applied  to  the  flask 
by  means  of  an  oil-hath  e.  The  phosphorus  melta  readily,  bat  by  regulating  the  heat 
steadily  between  Z30°  and  230°  by  means  of  the  thermometer  t,  and  maintaining  it  at 
tbnt  tcmperatDre  for  thirty  or  forly  hours,  almost  all  t^  phosphorus  will  be  biuught 
into  the  solid  amorphous  state. 

The  apparatus  Just  described  is  simiJar  in  principle  to  that  invented  and  patented 
by  Hr.  Albright  of  Oldbuty  near  Birmingham  for  the  preparation  uf  amorphoua 
phosphoroB  on  the  large  scale.  In  this  apparatus  the  phosphorus  is  heated  in  a 
conical  glass  Teasel  plao^  within  an  iron  Tcssel  of  the  same  shape,  which  is  heated  by 
a  bath  of  tin  and  lead.  The  melting  vessel  ia  provided  with  a  tight-fitting  cover,  trtna 
which  (here  procpeds  a  safety  tube  dipping  into  mercury,  as  in  the  apparatus  above 
dcscrihed.  It  is  not  found  necessary  to  expel  Che  air  from  tbe  apparatus  by  means  of 
oirbonic  anhydride,  as  the  smalt  portion  of  oxygen  contained  in  it  is  soon  consumed  by 
the  combustion  of  a  portion  of  tae  phosphoma.    (For  a  figure  and  fall  deeciifCiou  of 
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this  apparatnfl^  sde  Riebardton  and  Watts's  Chemical  Tcehnok^y  tcIL  i.  ^  4, 

p.  127.) 

Amorphous  phosphonis  prepared  as  abore  alvays  contains  a  certain  quantity  of 
unaltered  phosphorus,  which  is  removed  b^  washing  it  two  or  three  times  with  sulphide 
of  carbon,  in  which  common  phosphorus  is  soluble,  and  red  phosphorus  insoluble.  It 
has  been  recommended  by  Nickles,  in  order  to  ayoid  the  use  of  much  sulphide  of 
carbon — a  dangerous  as  well  as  disagreeable  substance — to  purify  red  phosphorus  by 
suspending  the  finely  divided  mixture  of  yellow  and  red  phosphorus  in  a  solution  of 
chloride  of  calcium  of  specific  gravity  about  2*0.  In  such  a  solution  common  phos- 
phorus floats,  while  red  phosphorus  sinks. 

Red  phosphorus  is  much  less  fiisible  than  common  phosphorus ;  it  inay  be  heated 
to  250°  without  alteratimi,  but  at  260^  it  is  reconverted  into  ordinary  phosphorus.  It 
also  difTers  from  ordinaiy  phosphorus  by  being  insoluble  in  many  liquids  in  which 
the  latter  is  soluble,  such  as  sulphide  of  carbon,  alcohol,  ether,  turpentine,  and  tri- 
chloride of  phosphorus.  The  two  modifications  differ  also  not  less  in  chemical  than 
in  physical  pzopertiea.  Common  phosphorus,  as  already  observed,  oxidises  slowly  in 
the  air  at  common  temperatures,  and  bums  ra^dly  when  heated  to  about  60^.;  red 
phosphorus,  on  the  contrary,  is  not  at  aU  oxidised  in  the  air  at  common  tempera- 
tures, emits  no  odour,  and  does  not  become  luminous  until  heated  to  nearly  260^,  the 
Eoint  at  which  it  is  transformed  into  the  ordinary  modification.  Hence  it  is  not 
aUe  to  take  fire  by  moderate  friction,  and  may  be  handled  without  danger,  and 
'  preserved  in  bottles,  or  even  wrapped  up  in  paper  without  liability  to  alteration.  Its 
properties  differ  however  in  some  respects  according  to  the  mode  of  preparation.  If 
prepared  by  heat  it  has  a  specific  gravity  of  2*14 :  but  that  which  is  obtained  by  the 
action  of  iodine  on  common  phosphorus  has  a  specific  gravity  of  2*23.  The  latter 
also  volatilises  like  arsenic,  without  previous  fusion,  and  condenses  to  a  hard  black 
mass.  It  is  more  readily  acted  on  by  caustic  potash  than  the  former,  and  precipitates 
certain  metallic  solutions,  sulphate  of  copper  for  example.    (Brodie.) 

BeacHons  of  Phomharua. — The  action  cf  oxygen  on  ordinary  and  red  phosphorus  has 
been  already  described.  With  sulphur  ordinaiy  phosphorus  unites  rapidly  when  the 
two  bodies  are  melted  together,  the  combination  being  attended  with  vivid  combustion 
and  loud  explosion.  Red  phosphorus,  on  the  other  hand,  does  not  unite  with  sulphur 
till  heated  considerably  above  the  mdting  point  of  the  latter,  and  even  then  the  com- 
bustion, though  rapid,  is  not  explosive.  Sdenium  unites  with  phosphorus  when  tha 
two  are  heat^  together  nearly  to  the  melting  point  of  the  latter. 

Hydrogen  passed  over  phosphorus  contained  in  a  glass  tube  takes  up  a  small 
quantity  of  it,  sufficient  to  colour  the  fiame  green,  but  no  definite  compound  appears  to 
be  formed.  But  when  phosphorus,  a  metallic  phosphide,  hypophoqihorous  or  phos- 
phorous add  is  introduced  into  an  apparatus  for  generating  hydrogen,  the  evolved  gas 
appears  to  contain  a  certain  quantity  of  phosphoretted  hydrooen  (Dusart,  Compt. 
rend,  idiii  1126). — Ammonia  acts  gradually  on  ordinaiy  phosjmoms,  producing  phos- 
phoretted hydrogen  and  a  compound  of  ammonia  with  an  oxide  of  phosphorus,  which, 
when  alcoholic  ammonia  is  used,  is  deposited  on  the  sides  of  the  tube  as  a  deep  black 
metfdlic  film  not  decomposed  by  boiling  potash  or  sulphuric  acid.  Red  phosphorus 
has  no  action  on  ammonia,    (r  liickiger.  Anal  Zeitschr.  ii  898.^ 

Ordinaiy  phosphonis  unites  directly  at  ordinary  temperatures,  with  chlorine,  bromine 
and  iodine,  the  combination  taking  place  rapidly  and  being  attended  with  inflammation. 
Red  phosphorus  also  unites  with  thvise  elements  at  ordinary  temperatures,  the  combina- 
tion being  attended  with  evolution  of  heat,  but  seldom  sufficient  to  produce  ignition. 

Chloride  of  stdphur^  S*CP,  dLssolves  ordinary  phosphonis  abundantly,  and  on  heating 
the  solution  a  violent  reaction  takes  place,  attended  with  ebullition  and  projection  of  the 
mass.  The  same  violent  action  is  produced  on  dipping  a  stick  of  phosphorus  into  a 
column  of  chloride  of  sulphur  of  about  the  same  depth  and  volume.  On  gradually  add- 
ing small  pieces  of  phosphonis  to  chloride  of  sulphur  gently  warmed  in  a  retort  filled 
with  carbonic  anhydride,  a  rapid  action  also  takes  place,  the  liquid  becoming  hot  and 
distilling  over :  gpradually,  however,  sulphur  separates  and  the  action  becomes  more 
moderato ;  and  on  mixing  the  distillate  iust  mentioned  with  that  which  afterwards  psMea 
over  on  heating  the  residue,  and  redistilling  the  whole  over  half  its  bulk  of  phosphonis,  a 
colourless  liquid  is  obtained,  which  separates  by  fractional  distillation  into  pentaehloride 
and  sulphochloride  of  phosphorus,  FSCl*.  When  chloride  of  sulphur  is  gradually 
poured  into  melted  phosphorus  the  only  products  are  pentaehloride  of  phosphorus  and 
a  yellow  sublimate  which  appears  to  be  a  sulphide  of  phosphorus :  the  residual  phos- 
phorus is  converted  uM  the  red  modification.  ( W  o  h  1  e  r  and  H  i  1 1  e  r,  Ann.  Ch.  Pharm. 
xciii.  274.) 

Host  TtutaU  unite  directly  with  pbosphoms  when  the  latter  is  thrown  upon  them 
while  they  are  in  a  state  of  ignition  or  when  they  are  heated  in  its  vapour, 

-Finely  divided  phosphoms^  under  the  influence  of  sunlight,    slowly  decomposes 
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vtater,  forming  pliosphoretted  hydrogen  and  a  red  substance  commonly  regarded  aa  an 
oxide  of  phoflphonis. . 

Many  acids  are  decomposed  when  heated  with  phosphoras,  yielding  phosphorous 
add,  together  with  other  products. — Pure  concentrated  hydrtodic  acul  heated  with 
amorphous  phosphorus  to  160^  for  two  hours  yields  phosphorous  acid,  and  sublimed 
crystahi  of  hydriodate  of  phosphoretted  hydiogen.'-Iii/drobromio  acid  acts  in  a  similar 
manner,  but  somewhat  more  slowly. — ^Pure  concentrated  hydrochloric  acid  heatjed  with 
amorphous  phosphorus  to  200^  for  sixteen  hours  appears  to  be  decomposed  according 
to  the  equations:  3HC1  +  P«  *  PH»  +  PC1«;  and  PCI*  +  3H*0  -  PH>0»  +  8HCL 
Strong  stUphuric  acid  is  reduced  to  sulphurous  anhydride,  which  floats  on  the  surface  of 
the  phosphorous  acid  formed  at  the  same  time: 

3SH*0*  ♦  P*     -    PH«0«  +   3S0« 

Sulphurous  acid  yields  phosphorous  and  sulphydric  acids : 

SH«0«  +   SH^O   +  P«     -     2PH«0«  +  H«S. 

Syrupy  phosphoric  acid  heated  to  200°  with  phosphoms  for  forty  hours,  is  reduced 
to  hypophosphorous  acid,  which  latter  is  partly  resolved  into  phosphorous  acid  and 
phosphoretted  hydroeen. — Aqueous  chromic  acid  heated  with  phosphorus  is  reduced  to 
chromoso-ehromic  oxide ;  arsenious  acid  yields  phosphide  of  arsenic.  (Oppenheim, 
BuU.  Soc  Chira.  [2]  i.  163.) 

Phosphorus  boUed  with  aqueous  alkalis  and  alkaline  earths  forms  phosphoretted 
hydrogen  and  a  solution  of  a  hypophosphite,  e,  g,  with  lime-water : 

3Ca"H«0«  +  P*  +  6H«0     -     3Ca"H*P«0*  +  2PH». 

Phosphorus  likewise  decomposes  many  other  oxides  and  salts,  both  in  the  dry  and  in  the 
wet  way.  When  rubbed  with  chlorate  of  potassium,  it  detonates  and  takes  fire,  a  slight 
friction  being  sufficient  to  induce  the  reaction.  Nitrate  of  potassium  and  the  peroxides 
of  had  and  manganese  act  upon  it  in  a  simiUr  manner,  but  less  Tiolently.  When  a 
mixture  of  carbonate  of  sodium  and  amorphous  phosphorus  is  heated  in  a  combustion 
tube  to  low  redness,  or  better  to  240°  only,  a  brown  mass  is  obtained,  which  takes  fire 
on  exposure  to  the  air,  and  when  thrown  into  water  sives  off  a  large  quantity  of 
spontaneously  inflammable  phosphoretted  hydrogen,  and  forms  a  dark  brown  solution, 
fh>m  which  hydrochloric  acid  throws  down  brown  flocks,  forming  when  dry  a  black- 
biown  amorpnous  mass  containing  about  40  per  cent,  of  humus-like  bodies.  When 
carbonate  of  sodium  is  heated  to  redness  with  excess  of  phosphorus,  the  whole  of  the 
carbon  is  set  free ;  with  excess  of  sodic  carbonate,  on  the  other  hand,  a  mixture  of 
charcoal,  sodic  phosphate  and  sodic  carbonate  is  obtained,  carbonic  oxide  being  given 
off  and  phosphorus  distilling  over.  The  carbon  obtained  in  these  reactions  has  a 
deep  velvet-black  colour,  a  specific  mvity  ef  1*46  at  14^,  and  possesses  strong  ab- 
sorbent and  decolorising  properties.  Phosphorus  acts  in  like  manner  on  other  carbon- 
ates, also  on  borates  and  silicates.    (Dragendorff,  Jahresb.  1861,  p.  110.) 

Phosphorus  placed  in  contact  with  many  metals  in  solutions  of  the  same  metals, 
produces  an  electric  current,  andprecipitates  the  metals.  In  contact  with  dean  copper 
wire  in  a  solution  of  cupric  sulphate,  it  predpitates  the  copper  on  the  wire  in  octahedral 
crystals  (Wohler,  Ann.  Gh.  Pharm.  Ixxix.  126).  In  like  manner  it  reduces  M'/twr  and 
lead  from  the  solutions  of  their  nitrates  (Wicke,  ibid.  Ixxii.  145).  Phosphorus  im- 
mersed in  a  solution  of  potassic  permanganate  forms  peroxide  of  manganese  and  phos- 
5 hate  of  potassium.  Neutral  and  acid  chromate  of  potassium  are  incompletely 
ecomposed  by  phosphorus  at  common  temperatures  with  formation  of  potassic  and 
chromic  phosphates.  Cupric  chromate  boiled  with  phosphorus  yields  metallic  copper, 
phosphide  of  copper,  and  cnromic  phosphate.  A  solution  of  potassic  chlorate  boiled  with 
phosphorus  is  converted  into  phosphite,  phosphate,  and  chloride  of  potassium.  Nitrate  of 
oarium  is  not  decomposed  by  boiling  with  phosphorus ;  nitrate  of  lead  yields  a  deposit 
of  phosphate  of  lead;  nitrate  of  copper  in  concentrated  solution  yields  cupric  oxide  and 
phosphide  of  copper;  in  dilute  solution,  metallic  copper,  phosphide  of  copper,  and  phos- 
phoric add.    (Slater,  Chem.  Oaz.  1853,  p.  329.) 

Chemical  "Relations  of  Phosphorus, — Phosphorus  belongs  to  the  pentad  group  of  ele- 
ments (iii.  967 )»  including  also  nitrogen,  arsenic,  antimony  and  bismuth.  Its  pentatomic 

Q»,  phosphoric 
tiiethodichloride  (or  chloride  of  triethyl-phosphine)  P'  |  ^  CI'  '  ^^'  ^^  ^^  phos- 
phoric anhydride  p^  1 0*,  and  in  phosphoric  add  regarded  ai  gt[0^     But  it  like- 
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p>«  /  0*,  &e.,  phoBplioioiis  add  m  [  0',  &c  ^  In  some  few  compounds  alao  it  is  diatomic^ 

as  in  the  di-iodide  PP,  and  perhaps  in  liquid  phosphide  of  hydrogen  PH*  (iii  204) ;  in 
many  of  its  metallic  compounds  it  exhibits  still  lower  degrees  of  atomicity. 

In  its  triatomic  and  pentatomic  character,  phosphoros  resembles  the  other  members 
of  the  group  above  mentioned.  It  is  most  dosely  related  to  arsenic  and  antimony, 
each  of  these  elements  forming  a  gaseous  trihydride,  and  their  chlorides,  bromides  and 
oxides  being  exactly  analogous  to  one  another  in  composition.  To  arsenic  it  is  further 
related  by  the  strictly  analogous  composition  and  the  isomorphism  of  the  corresponding 
phosphates  and  arsenates,  and  by  its  anomalous  vapour-volume,  the  specific  gravities 
of  each  of  these  elements  in  the  gaseous  state  being  double  its  atomic  weight  (p.  503 ; 
also  iii.  968).  Bismuth  is  also  related  to  phosphorus,  arsenic,  and  antimony  by  the 
composition  of  its  chlorides  and  oxides,  although  its  pentatomic  compounds  are  not  of 
venr  stable  character.  To  nitrogen,  phosphorus  is  related  by  its  combination  with 
hydrogen,  and  by  its  formation  of  anhydrides  with  3  and  6  atoms  of  oxygen. 

The  elements  of  this  group  exhibit  in  many  respects  a  regular  gradation  of  proper- 
ties in  the  order  of  their  atomic  weights.  Nitrogen  (14)  is  gaseous,  while  all  the  rest 
are  solid  at  ordinary  temperatures,  and  of  these  latter  phosphorus  (31)  is  the  most 
fusible  and  volatile;  next  follows  arsenic  (75),  then  antimony  (122),  and  lastly  bis- 
muth (210).  The  acid  properties  of  the  oxidised  compounds  are  most  marked  in  ni- 
trogen, then  in  .phosphorus ;  they  are  weaker  in  arsenic,  still  weaker  in  antimony,  and 
scarcely  apparent  in  bismuth.  The  compoimds  with  hydrogen  follow  in  the  same 
order ;  ammonia  is  a  powerful  base,  and  requires  a  high  temperature  for  its  decom- 
position ;  phosphine,  PH*,  is  a  very  feeble  base ;  in  arsine,  AsH',  the  basic  character 
IS  not  perceptible,  though  manifested  in  triethyl •arsine  and  other  of  its  derivatives ; 
the  same  is  true  of  the  corresponding  antimony-compounds.  Each  of  the  three  hydrides 
last  mentioned  is  decomposed  by  simple  exposure  to  heat^  phosphine  requiring  the 
highest  temperature,  arsine  decomposing  at  a  lower,  and  stibine  at  a  still  lower  degree  of 
heat,  while  tiie  afELnity  of  bismuth  lor  hydrogen  is  so  feeble  that  it  does  not  appear  to  form 
a  hydride. 

Uses  of  Phosfhobus. — ^The  chief  use  of  phosphorus  is  for  the  preparation  of  the 
paste  with  which  lucifer  matches  are  tipped;  for  this  purpose  both  the  ordinary  and 
the  amorphous  variety  of  phosphorus  are  employed.  Ordinary  phosphorus,  being  in- 
tensely poisonous,  is  also  used  in  the  formation  of  compositions  for  poisoning  rats,  cock- 
roaches and  other  vermin ;  and  both  kinds  are  used  in  a  variety  of  ways  in  chemical 
and  pharmaceutical  preparations. 

A  phosphorated  paste  for  poisoning  vermin  may  be  prepared  by  dissolving  250  pts. 
by  weight  of  gum  arabic  in  500  pts.  of  water  at  140^  F.,  adding  15  pts.  of  phosphorus, 
stirring  as  it  melts,  then  removing  the  vessel  from  the  Sie  and  continuing  the 
stirring  as  the  mixture  cools  in  order  to  thoroughly  incorporate  the  phosphorus.  The 
mixture  is  then  placed  over  the  water-bath,  the  stirring  being  still  continued ;  a  paste 
previously  made  up  with  100  pts.  of  flour,  or  better  of  potato-starch,  and  100  pts.  of 
water  is  added  to  it,  and  the  whole  is  beaten  up  for  half  an  hour  at  122^  F.,  after  which 
it  is  left  to  cool,  the  agitation  being  still  continued  till  the  temperature  has  fallen  to  86°, 
The  process  yields  fh>m  500  to  5.^0  pts.  of  phosphorated  paste.  To  effect  a  still  finer 
division  of  the  phosphorus,  the  paste  may  be  ground  under  the  muller. 

Luci/er-matehes. — Ordinary  lucifer-matches  are  simplv  wooden  sulphur^matchcs 
tipped  with  a  paste  containing  phosphorus,  and  capable  of  igniting  by  friction.  The 
materials  added  to  the  phosphorus  to  promote  its  i^ition  are  chlorate  or  nitrate  of 
potassium,  or  certain  metalhc  oxides  which  easily  give  up  their  oxygen,  such  as  the 
peroxides  of  lead  and  manganese.  Chlorate  of  potassium  causes  tne  paste  to  ignite 
with  detonation  when  rubbed,  and  often  occasions  the  projection  of  a  portion  of  the 
burning  matter  to  a  considerable  distance.  This  projection,  which  is  rather  dangerous, 
may  be  prevented  by  using  nitrate  instead  of  chlorate  of  potassium;  thjB  matches  then 
bom  quietly. 

The  phosphorus,  and  the  salt  or  oxide  which  is  to  supplv  it  with  oxygen  for  combus- 
tion, are  made  up  into  a  paste  with  a  strong  solution  of  glue  or  gum,  a  small  quantity. 
of  Vermillion  or  Prussian  blue  being  added  as  colouring  matter,  and  sometimes  a  little 
fine  sand  to  increase  the  friction. 

The  proportion  of  phosphorus  varies  considerably,  being  sometimes  as  high  as  30  or 
even  50  per  cent  and  sometimes  as  low  as  10  or  even  5  per  cent.  The  following  are 
two  compositions  recommended  by  Bottger  in  1844,  and  still  in  use  for  the  preparation 
of  noiseless  ludfers : 


Phosphorus  (ordinary)       •        .        .4 

Saltpetre 16 

Red  lead 3 

3tiODg  glue       ....        •        .6 


Phosphorus  (ordinary)       .        .        .     9 

Saltpetre 14 

Peroxide  of  manganese       •        .        .14 
Qum 16 
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The  redaction  of  the  proportion  of  phosphorus  in  the  inflammable  mass  to  a  mini- 
mum is  a  great  desideratum,  as  the  process  is  thereby  rendered  less  costly,  and  the 
matches  when  ignited  emit  less  of  the  disagreeable  odour  of  phosphorus.  A  good 
method  of  effecting  this  reduction  is  that  recommended  by  R.  Wagner  (Wagner's 
Jahresbericht,  1855,  p.  503),  which  consists  in  preparing  the  inflammable  mass  with 
phosphorus  dissolved  in  sulphide  of  carbon.  This  process  not  only  effects  the  perfect 
molecular  subdivision  of  the  phosphorus,  but  it  enables  the  mass  to  be  prepared  without 
the  use  of  heat,  a  further  very  great  advantage.  According  to  E.  Mack  (Verhandl. 
des  Vereins  t  Naturkunde  in  Presburg,  1858,  i.  17),  this  simple  expedient  renders  it 
possible  to  reduce  the  proportion  of  phosphorus  to  ^  of  that  at  present  in  oommou 


use. 


Some  matches,  instead  of  being  coated  at  the  ends  with  sulphur,  are  impregnated 
throughout  with  stearic  acid,  wax,  or  pamffin.  The  paste  for  dipping  these  matches 
requires  less  gum  and  a  more  active  oxidising  agent  than  that  for  the  sulphm>matche8. 
The  following  are  two  of  the  compositions  in  use : 


Phosphorus  (ordinary)      .  .3*0 

Strong  glue 3*5 

Water 30 

Fine  sand 20 

Vermillion  or  Prussian  blue      .  O'ltoO'5 
Chlorate  of  Potassium      .  .3*0 


Phosphorus  (ordinary) 
Gum  tragaeanth 
Water 
Fine  sand . 
Dioxide  of  Lead 


8-0 
0-6 
3-0 
2-0 
20 


The  dioxide  of  lead  in  the  second  of  these  compositions  may  be  replaced  by  2  pts.  of 
red  lead  and  0*6  pts.  strong  nitric  acid. 

Matches  thus  prepared  bum  more  readily  than  sulphur-matches,  because  the  fatty 
matter  and  the  wood  take  flre  together,  whereas  in  sulphur-matches  the  wood  does  not 
ignite  till  the  sulphur  is  nearly  consumed.  The  matches  impregnated  with  &tty 
matter  also  bum  with  a  brighter  flame,  and  are  free  from  the  suffocating  odour  which 
the  sulphur-matches  evolve  in  burning.  Formerly  these  matches  were  impregnated 
with  wax  or  stearic  acid  or  resin,  and  as  these  materials  are  more  expensive  than  sul- 
phur, their  use  was  confined  to  the  higher  priced  matches ;  recently,  however,  the  use  of 
paraffin  and  paraffin-oils  for  the  purpose,  patented  by  Mr.  Letchford  of  Whitechapel, 
has  greatly  reduced  the  price  of  matcnes  thus  prepared. 

Taper  or  Vesta-matcMs,  which  consist  of  tapers  of  wax,  rosin  and  tallow,  or  paraffin, 
require  to  be  tipped  with  a  very  inflammable  paste,  because,  having  but  little  rigidity,  they 
cannot  bear  much  friction  without  bending.  The  paste  used  for  tipping  them  is  made 
of  12  pts.  ordinary  phosphorus,  14  gum,  3  sulphide  of  antimony,  36  dioxide  of  lead 
(or  56  pts.  of  a  muEture  of  red  lead  35  pts.  and  nitric  acid  21  pts.)  and  0*1  vermillion. 

Fusees  for  lighting  cigars  are  made  from  strips  of  pulp  or  thin  card-board 
previously  prepa^  by  steeping  in  a  solution  of  saltpetre. 

Matches  with  Amorphous  Phosphorus. — The  use  of  ordinary  phosphorus  in  the 
manufacture  of  lucifer-matches  is  attended  with  certain  inconveniences,  arising  partly 
from  the  great  facility  with  which  it  is  set  on  fire  by  friction  or  by  a  very  moderate 
heat,  partly  from  the  slow  combustion  which  it  undergoes  at  ordinaiy  t'emperaturos^ 
whereby  acid  vapours  are  produced  of  very  deleterious  character.  From  this  cause,  the 
workpeople  engaged  in  the  manufacture,  especially  the  dippers,  occasionally  suffer  from 
a  peculiar  disease  of  the  jaw,  which  commences  with  pain  and  swelling,  and  ultimately 
produces  necrosis  of  Uie  bone.  Ordinary  phosphorus  is,  moreover,  very  poisonous  in  the 
solid  state,  and  instances  have  occurred  of  children  being  poisoned  by  sucking  matches 
tipped  with  it 

Amorphous  phosphorus,  on  the  other  hand,  is  free  from  all  these  objections.  It  ia 
not  poisonous  in  the  solid  state,  and  not  being  volatile  or  subject  to  slow  combustion  at 
ordinary  temperatures,  or  even  at  the  heat  required  to  keep  the  paste  in  the  liquid 
state,  it  does  not  impregnate  the  air  of  a  factory  with  poisonous  vapours.  Moreover,  it 
is  not  liable  to  be  set  on  fire  by  accidental  friction. 

But,  notwithstanding  these  advantages,  the  use  of  matches  tipped  with  amorphous 
phosphorus  has  not  become  general.    Lucifers  of  this  kind  were  sent  to  the  Exhibition 
of  1851  by  Messrs.  Dixon  and  Co.  of  Manchester,  but  they  never  found  fiivour  with, 
the  public,  and  have  of  late  years  disappeared  from  the  market     The  chief  objections' 
to  them  seem  to  be  that  they  are  not  sufficiently  inflammable,  and  that  they  bum  with 
flame. 


tottger  in  1848  suggested  the  prexmration  of  friction  matches  capable  of  takint^  flre 
only  when  rubbed  on  a  surface  prepared  in  a  particular  way.  Such  matches,  containing 
no  phosphorus  in  themselves,  but  supplied  in  boxes  provided  with  rubbers  containing 
amorphous  phosphorus,  were  first  sent  into  the  market  by  Presliel  of  Vienna  in  1854, 
and  their  preparation  has  since  that  time  been  greatly  improved  by  Lundstrom  of 
Sweden,  and  by  Messrs.  Coignet  and  Co.  of  Lyons.    In  this  country,  patents  for  the 
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manufacture  of  ludfers  by  Lundstrdm'B  proceflsbave  been  taken  out  by  Messrs.  Br}'ant 
and  May.* 

The  igniting  composition  applied  to  the  tips  of  these  matches,  and  the  paste  for  the 
rubber  are  composed  as  follows : 

Paste  for  Matekes,  PatUfor  Rvbber. 


Chlorate  of  potassium    .        .        .6  pts. 
Sulphide  of  antimony    .        .  2  to  8    „ 
Glue  (weighed  diy)      •        .        .  1  pi. 


Amorphous  phosphorus        «        .10  pts. 
Oxide  of  manganese  or  sulphide 

of  antimony      •        .        .        .    8  ,, 
Glue  (weighed  dry)       .        .     3  to  6  ,, 

Matches  thus  prepared  possess  the  great  advantage  of  being  free  from  all  danger  of 
ignition  by  accidental  friction :  hence  they  are  caUed  Safety-matches  (AUwnettes  de 
siireti) ;  they  are  much  used  in  France  and  other  parts  of  the  Continent,  and  their  use 
appears  also  to  be  extending  in  this  country ;  but  the  great  majority  of  consumers  still 
exhibit  a  preference  for  a  match  which  will  ignite  by  friction  on  any  rough  surface. 

There  is  another  modification  of  the  same  principle,  introduced  by  MM.  Besirliers  and 
Dalemagne,  in  which  the  amorphous  phosphorus  is  placed  at  one  end  of  the  match, 
and  the  chlorate  of  potassium  at  the  other,  so  that  ignition  ^takes  place  on  breaking 
the  match  in  halves  and  rubbing  the  two  ends  together.  But  these  matches,  culled 
Altvviettes  androgynes,  do  not  appear  to  have  come  into  actual  use. 

Ludfers  toithottt  Phosphorus. — To  avoid  all  danger  of  poisoning  in  the  preparation  as 
well  as  in  the  use  of  lueifer-matches,  it  has  of  late  years  been  proposed  to  tip  them 
with  a  composition  containing  no  phosphorus  whatever,  either  ordinary  or  amorphous. 
Various  compositions  have  been  proposed  for  this  purpose ;  it  may  be  sufficient  to  men- 
tion for  illustration  one  of  those  patented  by  G.  Canouil  (1857,  No.  281 7X  which  is 
composed  of  chlorate  of  potassium  75  pts.,  dioxide  of  lead  35  pts,  iron  pyrites  36  pts., 
and  gum,  dextrin,  or  glue  10  pts.  Sulphide  of  antimony  and  free  sulphur,  either 
singly  or  together,  are^also  used  as  the  inflammable  material  in  these  pastes.  The  most 
systematic  researches  on  this  branch  of  manufacture  have  been  made  byWiederhold 
(Dingl.  pol.  J.  clxi.  221,  268 ;  cLdiL  203,  269),  from  which  it  appears  that  matches  of 
good  quality  may  be  made  with  chlorbte  of  potassium  and  hyposulphite  of  lead. 

The  total  elimination  of  phosphorus  from  the  lucifer  manufacture  would  indeed,  as 
observed  by  Hofmann  (JSeport,  1862,  p.  99),  be  a  grand  achievement,  not  merely  no 
sanitary  grounds,  or  as  diminishing  fire-risks,  but  also  because  it  would  immediately 
liberate  for  agricultural  purposes  a  large  quantity  of  bones  now  consumed  in  the  pre- 
paration of  free  phosphorus. 

For  further  details  on  the  chemistry  of  the  ludfer-match  manufacture,  and  for 
figures  and  descriptions  of  machinery  used  for  cutting  and  dipping  the  matches, 
see  Richardson  and  Watts* s  Chemicai  Technology,  vol.  L  pt.  4,  pp.  131-180. 

VHOSPBOSmi,  B&OMZBB8  Ol".  Phosphorus  unites  directly  with  bromine 
at  ordinary  temperatures,  with  evolution  of  heat,  and  in  the  case  of  ordinary  phosphorus, 
of  light :  small  pieces  of  ordinary  phosphorus  thrown  into  bromine  may  produce  a 
dangerous  explosion.  There  are  two  bromides  of  phosphorus,  the  tribromide  and 
pentabromide,  the  former  liquid  at  ordinary  temperatures,  the  latter  solid;  the  one 
or  the  other  being  produced  according  to  the  proportions  in  which  the  two  elements  are 
brought  together. 

IMIiromlde  of  Pbosplionu  or  Pbosphoroiu  Bromide.  PBr*. — Produced : 
1.  By  bringing  bromine  in  contact  with  excess  of  phosphorus.  Phosphorus  is  added 
in  pieces,  not  weighing  more  than  a  quarter  of  a  grain,  to  pexfectly  anhydrous  bromine, 
till  the  liquid  becomes  colourless,  after  which  the  compound  is  separated  by  distillation 
from  the  excess  of  phosphorus  (Lowig,  Pogg.  Ann.  xiv.  485).  In  order  to  avoid 
the  chance  of  explosion,  it  is  best  to  pour  the  bromine  into  a  wiae-mouthed  bottle,  and 
introduce  perfectly  dry  phosphorus  m  a  glass  tube,  sealed  at  bottom,  and  placed  up- 
right in  the  liquid,  so  that  on  closing  the  bottle  the  bromine-vapour  may  slowly  come 
in  contact  with  the  phosphorus  (H.  Rose,  Pogg.  Ann.  xxviii.  660).  An  easy  mode 
of  preparation  is  to  dissolve  bromine  and  phosphorus  in  separate  portions  of  sulphide 
of  carbon,  then  pour  the  bromine-solution  slowly  into  the  phosphorus-solution,  and 
distil  (Kekul6,  Ann.  Ch.  Pharm.  cxxx.  16). — 2.  Vapour  of  phospnorus  is  passed  over 
mercurous  or  mercuric  bromide,  which  is  heated  in  a  glass  tube  by  means  of  a  spirit- 
lamp,  and  the  product  is  collected  in  a  cooled  receiver ;  the  product  is  purified  frx>m 
excess  of  phosphorus  by  distillation.    (L  o  w  i  g.) 

Tribromide  of  phosphorus  is  a  colourless,  transparent,  mobile  liquid,  which  does  not 
freeze  even  at  — 12^,  is  very  volatile,  and  emits  dense  white  fumes  in  the  air ;  has  the 
pungent  odour  of  hydrobromic  acid;  it  probably  reddens  litmus  paper  only  when 
moisture  is  present.    (Lowig;Balard.) 

It  is  decomposed — 1.  'By  tdater,  with  great  disengagement  of  heat,  into  phosphorous 
and  hydrobromic  acids,  which  latter,  when  a  small  quantity  only  of  water  is  employed, 

•  « 
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is  erolred  in  the  gafieomi  form  (Balard).  At  8°  the  decomposition  takes  place  but 
slowly,  even  when  the  mixture  is  repeatecUj  shaken ;  at  26^  it  proceeds  Tery  rapidly 
(Lowig).    By  ehforinef  into  chloride  of  phosphorus  and  free  bromine.    (Balard.) 

Tribromide  of  phosphorus  is  capable  of  dissolving  an  additional  quantity  of  phos- 
phorus, whereby  it  acquires  the  property  of  setting  fire  to  combustible  bodies  brought 
m  contact  with  it  in  the  open  air  (Balard),  of  forming  a  pellicle  of  phosphorus  when 
exposed  to  air,  and  depositing  phosphorus  when  decomposed  with  Water.    (Lowig.) 

AmTnonio-phosphorouf  bromicUf  PBr'.SNH*,  is  formed  when  ammonia-gas  is  slowly 
passed  into  well-cooled  tribromide  of  phosphorus.  It  is  a  white  powder  which,  when 
heated  out  of  contact  with  air,  is  resolved  into  phosphide  of  nitrogen,  phosphorus- 
vapour,  bromide  of  ammonium,  ammonia  and  hydrogen  gas  (Rose).  With  water  it 
yields  bromide  and  phosphite  of  ammonium. 

Pentaliromide  of  Vboaplionis  or  Pliospliorlo  Bromide.  PBr*.  Perhromide 
of  Phosphoms, — ^Ptoduced  by  the  action  of  bromine  in  excess  on  phosphorus  or  on  the 
tribromide ;  also  by  decomposing  iodide  of  phosphorus  with  bromine ;  most  easily  pre- 
pared by  the  second  process. 

It  is  a  lemon-yellow  solid,  crystallising  in  rhomboidal  forms  after  fusion,  in  needles 
when  sublimed ;  melts  at  a  moderate  heat  to  a  red  liquid,  which  at  a  higher  tem- 
perature evelves  red  vapours ;  evolves  dense  pungent  fumes  in  the  air.    (Balard.) 

Decompositions. — 1.  By  clUorine  into  chloride  of  phosphorus  and  free  bromine. — 
2.  By  heated  metals^  into  metallic  bromide  and  phosphide  (Balard). — 3.  By  oxids 
of  copper  and  red  oxide  of  mercury t  into  metallic  bromide  and  phosphate  (Lowig). — 

4.  By  a  small  quantity  of  watert  into  oxybromide  of  phosphorus,  and  hydrobromic  acid 
(Gladstone);  by  a  larger  quantity,  with  rise  of  temperature,  into  phosphoric  and 
hydrobromic  adds  (Balard) : 

PBr»  +     H*0     »    POBr*  +  2HBr 
PBr»  +  4H«0     «     PH»0*  +  6HBr. 

5.  Bv  dr^  svlphydrie  acid  gas,  forming  a  heavy  liquid  composed  of  P'S'.GPBr*, 
which  boils  at  200^  without  decomposition,  but  respecting  which  it  has  not  been 
positively  determined  whether  it  is  a  definite  compound  or  a  mixture  of  two  substances 
of  equal  or  nearly  equal  boiling  points  (Gladstone,  PhiL  Mag.  [3]  xxxv.  346). — 

6.  In  phoephoretted  hydrogen  gas  the  pentabromide  first  becomes  liquid,  yielding 
tribromide  of  phosphorus  and  hydrobromic  acid,  which  then  unites  with  another 
portion  of  phosphoretted  hydrooen,  and  forms  hydrobromate  of  phosphine  PH'.HBry 
or  bromide  of  phusphorium  PH^Br,  which  crystallises  in  cubes  (SeruUas,  iiL  201). 
By  prolonged  action  of  the  phosphoretted  hydrogen,  the  whole  of  the  bromine  is  re- 
moved from  the  pentabromide,  and  phosphorus  is  set  free, 

VBOSPBOXVSf  CBZiOBXBBS  OV.  Phosphorus  unites  readily  and  directly 
with  chlorine  even  at  0^,  the  product  being  a  trichloride  or  pentachloride,  according  to 
the  proportions  of  the  two  elements  present.  The  action  of  chlorine  on  ordinary  phos- 
phorus IS  attended  with  visible  combustion.  Chlorides  of  phosphorus  are  also  produced 
by  the  action  of  phosphorus  on  metallic  chlorides. 

TrioUorlde  of  Pliosplionis  or  Pliosptaoroaa  cmiorlde,  PCI' ;  formerly  called 
Protochloride  of  Phosphorus, — This  compound  is  prepared :  1.  By  passing  dry  chlorine 
gas  over  phosphorus  contained  in  a  tabulated  retort  till  all  the  air  is  expelled,  then 
gently  heating  the  phosphorus  in  a  sand-bath,  while  a  slow  stream  of  chlorine  is  kept 
up,  so  that  the  gas  may  always  come  in  contact  with  an  excess  of  phosphorus.  The 
trichloride  then  condenses  in  the  receiver  as  an  oily  liquid,  which  may  be  purified  from 
excess  of  phosphorus  by  slow  rectification.  If  it  contains  any  pentachloride,  which 
will  be  the  case  if  the  stream  of  chlorine  has  been  too  rapid,  it  must  be  digested  for 
some  days  with  phosphorus  and  then  rectified. — 2.  Dry  phosphorus  is  placed  at  the 
closed  end  of  a  glass  tube ;  a  few  lumps  of  mercuric  chloride  are  placed  upon  it ;  the  phos- 
phorus is  gently  heated  so  that  its  vapour  may  pass  slowly  over  the  mercuric  chloride, 
and  the  trichloride  of  phosphorus  thereby  produced  is  collected  in  a  cooled  receiver  and 
afterwards  rectified. 

Trichloride  of  phosphorus  is  a  thin,  transparent,  colourless  liquid,  of  specific  gravity 

1*61  (Pierre),  146  (Davy),  boiling  at  78°  to  7S'60  under  a  pressure  of  761  to  767  mm. 

(Dumas,  Pierre,  Andrews),  at  73*8  under  a  pressure  of  760  mm.  (Begnault, 

Jahresb.   1863,  p.  70).     Vapour-densitv  sr  4*79 :  calc  (2  vols.)  »  477.    Latent 

heat  of  vapour  i«  67*24  (Begnault^  Jahresb.  1863,  p.  77).    The  tension  of  its  vapour 

at  difierent  temperatures  is  according  toBegnault  (Jahx^sb.  1863,  p.  65)  as  follows; 

Tempera-  Tenilon  of 

ture.  Vapour. 

0^0  .    .    •  37-98  mm. 

4^10  ...  62*88 

20  ...  100*65 

30  «    .    .  165*65 


Tempera- 

Tenilon of 

ture. 

Vapour. 

+  40OC 

.  341*39  mm. 

60 

.  486*63 

60 

.  674-23 
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Trichloride  of  ^hosphoruB  Bcaxcoly  reddens  litmnB-paper.  It  diBSolves  pkotphoruB* 
bat  quickly  deposits  it  again  in  the  amorphoufi  stat-e,  on  exposure  to  the  air.  It  ab- 
sorbs chlorine  rapidly,  forming  the  pentachloride,  and  oxygen,  at  the  boiling  heat,  to 
form  the  oxychloride  (Br o die).  When  heated  in  the  flame  of  a  spirit-lamp,  it  takes 
fire  and  bums  with  a  bright  phosphorous  flame.  Potassium  burns  brightly  in  its 
Tapour ;  red-hot  iron-filings  decompose  it  with  formation  of  phosphide  of  iron  and  ferrio 
chloride.  Strong  nitric  or  nitrous  acid  decomposes  it  with  Tiolent  explosion. 
(Persoz  and  Bloch,  GompL  rend,  xxviii.  86.) 

When  poured  into  tDater,  it  sinks  to  the  bottom  and  decomposes,  yielding  hydrochlo- 
ric and  phosphorous  adds : 

PC1«     +     8H«0       -       SflCl     +     PHH)«. 

When  exposed  to  moist  air  it  slowly  decomposes  in  the  same  manner,  giving  ofi 
white  pungent  acid  yapours,  and  acquiring  an  acid  reaction. 

Witn  sulphydric  acid  it  forms  hydnxmloric  add  and  trisnlphide  of  phosphorus. 
(Serullas): 

2PC1»     +     3H«S       »       6HC1     -¥     P»S«. 

With  phosphoretted  hydrogen  it  forms  hydrochloric  add  and  yellow  phosphorus, 
which  quickly  turns  red  on  exposure  to  light 

With  monatomic  alcohols,  ethers^  and  acidSf  it  acts  in  the  same  manner  as  on  water, 
produdng  a  chloride  of  the  alcohol-radide,  or  add-radicie  and  phosphorous  add  or 
anhydride,  the  phosphorous  add  sometimes  acting  further  on  the  alcohol  to  form  a 
phosphorous  ether  (B 6 champ,  Compt  rend.  xL  944;  xli.  23).  Thus  with  ethglic 
alcohol  it  yields  chloride  of  ethyl  and  phosphorous  add  or  phosphorous  ether  : 

3(C»H».H.O)     +     PC1«        B        3C^»C1      +     PH«0« 
and  8(C«H*.H.O)     ♦     PH«0»     «    P(C»H»)K)«     +     8H»0. 

Anhydrous  ether  (ethylic  oxide  or  anhydride)  does  not  act  on  the  trichloride  at  ordi- 
narjr  temperatures,  but  when  the  two  liquids  are  heated  together  to  180^ — 200^  in 
sealed  tubes,  chloride  of  eth^l  and  phosphorous  anhydride  are  pioduced,  the  latter  being 
partly  resdyed  by  the  heat  into  phosphoric  anhydride  and  red  phosphorus : 

3(C«H»)«0     +     2Pa»      -      6C«H»a     +     P«0". 

With  acetic  acid  and  anhydride  it  yields,  under  similar  cireuinstances,  chloride  of 
acetyl  and  phosphorous  acid  or  anhydride. 

Heated  with  ethylio  acetate  to  160^ — 180^  in  a  sealed  tube,  it  yields  chloride  of  acetyl, 
chloride  of  ethyl,  and  phosphoric  anhydride : 

8(C«HK).CTa».0)    +    2Pa«     -     8C»HH)a    +    8C«H»a    +    PK)». 

From  the  ethers  of  the  glyeollic  or  lactic  series,  OHM)*,  it  abstracts  the  elements  of 
water,  converting  them  into  ethers  of  the  acrylic  series,  (>H^~-K)*,  according  to  the 
general  equation : 

3OH««0«     +     PC1«      -      3OH«*-«0«     +     PH«0«     ♦     3Ha 

(Frankland  and  Duppa,  p.  273.) 

Zinc-ethyl  acts  very  violently  on  trichloride  of  phosphorus,  producing  triethyl' 
phosphine  and  zinc-chloride : 

2Pa«  +   3Zn''(C«H»)«     =     3Zn"Cl*  -h  2P(C»H»)«. 

Similar  products   are  obtained  with  gine-methyl  and  sinc-amyl  (Hofmann  and 
Cahours).    See  Phosphobus-basbs. 

Ammonia-gas  is  rapidly  absorbed  by  the  trichloride,  forming,  if  rise  of  temperature 
be  prevented  by  external  cooling,  a  white  mass  which  was  formerly  r^rarded  as  a  defi- 
nite ammonio-trichloride  of  phosphorus,  5NH'.PG1*,  and  was  supposed  to  be  resolved 
by  heat  into  ammonia,  hydrogen,  phosphorus-vapour  and  areddue  of  dinitride  of  phos- 
pnorus  PN*  (see  Gmelin^s  Handbook,  ii.  481).  Bat  this  ammonio-trichloride  has 
never  been  obtained  pure,  and  its  very  existence  is  donbtfuL  The  product  of  the  re- 
action of  ammonia  on  the  trichloride  appears  indeed  to  consist  mainly  of  a  mixture  of 
sal-ammoniac  and  phosphoroso-triamide,  formed  according  to  the  equation,  PCI'  + 
6NH*  a  aNH*Cl  +  N'H'P,  and  yielding,  when  ignited  without  access  of  air,  a 
residue  of  phosphoroso-diamide  and  phosphoroso-monamide  (p.  499). 

Pentaoblorlde  of  Vlkoaplionis  or  Pboapliorlo  cmiorlde.  PCI*.  Perchloride 
of  Phosphorus, — This  compound  is  produced  b^  the  action  of  chlorine  in  excess  on 
phosphorus  or  on  the  trichloride. — 1.  Dry  chlorine  is  passed  in  a  rapid  stream  into  a 
Wge  retort  or  Woulffe's  bottle  containing  phosphorus,  wiiich  must  be  kept  cool  at  first, 
as  otherwise  the  heat  developed  by  the  reaction  will  cause  the  trichloride  of  phosphorus 
produced  in  tiie  first  instance  to  distil  over.    Afterwards,  when  the  absorption  of  tba 
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chlorine  beoomes  slower,  the  rraction  may  be  assisted  by  a  gentle  heat  Amorphous 
phoephoms  exposed  in  the  state  of  powder  to  the  action  of  a  rapid  stream  of  chlorine  is 
at  once  converted  into  the  solid  pentachloride. 

2.  Phosphorus  is  also  rapidly  converted  into  pentachloride  when  introduced  into  snl- 
phide  of  carbon  previously  saturated  with  chlorine ;  and  when  chlorine  is  passed  to 
saturation  into  a  solution  of  phosphorus  in  sulphide  of  carbon,  the  liquid  on  cooling 
deposits  the  pentachloride  in  crystals.  This  last  method  is  now  much  used  for  the 
preparation  of  the  compound  on  the  large  scale;  but  according  to  Hugo  Miiller 
(Zeitschr.  Ch.  Pharm.  1862,  p.  29'5),  the  pentachloride  thus  prepared  almost  always  con- 
tains free  phosphorus,  especially  when  too  strong  a  solution  has  been  used,  or  the  liquid 
has  beon  too  strongly  cooled  before  the  formation  of  the  pentachloride  is  complete.  The 
impure  product  thus  obtained  has  a  dull  waxy  aspect  different  from  the  shining  straw- 
yellow  crystalline  character  of  the  pure  pentachloride,  and  changes  more  or  less,  in  course 
of  time,  into  the  liquid  trichloride.  Moreover,  if  the  proportion  of  free  phosphorus  in  it  is 
large,  it  may  become  dangerous,  as  the  reaction  between  the  free  phosphorus  and  the  pen- 
tachloride may  theh  be  attended  with  a  rise  of  temperature  high  enough  to  produce  ex- 
plosion. The  product  is  also  liable  to  be  contaminated  with  a  sulphur-compound, 
resulting  from  the  action  of  the  sulphide  of  carbon  on  the  pentachloride.  For  these 
reasons  Muller  recommends  the  preparation  of  pentachloride  of  phosphorus  from  the 
trichloride  as  follows. 

3.  A  small  quantity  of  the  trichloride  is  introduced  into  a  wide-mouthed  capacious 
glass 'vessel,  closed  by  a  perforated  caoutchouc  plate  through  which  the  chlorine  is  in- 
troduced. A  certain  quantity  of  phosphorus  is  then  dissolved  in  it ;  chlorine  gas  is 
passed  into  the  vessel  till  the  whole  of  the  phosphorus  is  converted  into  trichloride ;  a 
fresh  portion  of  phosphorus  is  added;  more  chlorine  passed  into  the  vessel;  and 
so  on  till  the  necessary  quantity  of  trichloride  is  obtained.  This  product  is  then  con- 
verted into  pentachloride  by  prolonged  exposure  to  excess  of  chlorine.  In  this  process 
the  trichloride  acts  as  a  solvent  of  Uie  phosphorus  in  place  of  the  sulphide  of  carbon 
used  in  the  ordinary  manufiicturing  process.  If  the  product  obtained  by  either  of  the 
above  processes  still  retains  traces  of  trichloride,  it  may  be  purified  by  redistillation 
in  a  stream  of  chlorine. 

Properiiei. — ^Pentachloride  of  phosphorus  is  a  white,  or  more  frequently  a  straw- 
yellow  mass  of  more  or  less  compact  texture ;  it  oystallises  from  ftision  in  prisms 
(Davy).  Brodie  by  passing  chlorine  into  a  solution  of  phosphorus  in  sulphide  of 
carbon  obtained  it  in  distinct  rhombic  crystals.  It  sublimes  at  100°  without  previous 
fusion,  but  under  increased  pressure  it  melts  at  148°  and  boils  at  a  temperature  a  little 
above.  The  specific  gravity  of  its  vapour  is,  according  toMitscherlicn,  4*86  at  186^; 
according  to  Cah  ours  it  varies  from  5*078  at  182°  to  3*656  at  336°.    The  last  agrees 

31  +  5  .  36*5 
nearly  with  a  condensation  to  4  volumes,  for  j ^      0*0693     =     3*693. 

IVobably  a  case  of  dissociation,  2  vols,  of  the  pentachloride  splitting  up  when  strongly 
heated  into  2  vols.  PCI*,  and  2  vols.  CL     (See  ii.  817.) 

Decompositions. — 1.  Pentachloride  of  phosphorus  bums  in  the  flame  of  a  candle,  and 
when  its  vapour  mixed  with  oxj/ffen,  is  passed  through  a  red-hot  tube,  it  bums,  with 
formation  of  phosphoric  anhydride  and  liberation  of  chlorine,  and  according  to  Ban - 
drimont(B^p.  Chim.  pure.  111,  114),  with  formation  of  oxychloride  of  phosphoras. 

2.  Treated  m  like  manner  with  hydrogeny  it  yields  hydrochloric  acid,  trichloride  of 
phosphorus, free  phosphorus,  and  phosphoretted  hydrogen.    (Baudrimont,  loe.  eit. ) 

3.  It  does  not  act  on  carbon  or  on  bromine,  but  with  iodine  it  forms  pentachloride 
of  iodine,  which  unites  with  the  excess  of  the  {pentachloride,  forming  tne  compound 
PCIMCI.  The  same  compound  is  formed  by  the  action  of  the  pentachloride  on  trichloride 
of  iodine:  PC1»  +  IC1«  -  PCIMCI  +  Cl« ;  also  by  the  direct  union  of  the  penta- 
chloride of  phosphorus  with  protochloride  of  iodine,  or  of  trichloride  of  phosphorus  with 
trichloride  of  ioaine.   (Bauarimont^  R^p.  Chim.  pure,  iv.  60. ) 

4.  Fused  with  sulphur,  it  yields  sulphoperchloride  of  phosphoras  PC1*S*  or  PC1'.2SCI 
(Gladstone,  Chem  Soc.  Qu.  J.  iii  5).  With  selenium,  it  forms  the  compound  P*Cl**Se 
or  2PCl*.SeCl*.    (Baudrimont) 

5.  Heated  with  various  metals  to  130° — 140°,  it  forms  trichloride  of  phosphoras  and 
a  metallic  chloride,  which  generally  unites  with  the  excess  of  pentachloride,  forming  a 
double  chloride;  such  is  the  case  with  aluminium^  bismuth,  iron,  tin,  and  perhaps  also 
with  zinc  and  copper.  Gold  and  more  particularly  platinum  are  easily  attacked  by  the 
pentachloride,  the  latter  yielding  the  sublimable  compound  2PCP.PtCV.  Antimony  is 
the  most  easily  attacked  of  all  metals  by  phosphoric  chloride.  If  the  metals  are  heated 
to  redness,  a  much  more  violont  action  tiikes  place,  phosphoms  being  s^t  free,  and  a 
motiillic  phosphide  sometimes  formed  (Baudrimont).  Potassium  heated  in  its 
vapour  burns  with  a  brilliant  light. 
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6.  Pentachloride  of  phosphorus  heated  with  a  small  quantity  of  toater,  or  exposed  to 
moist  air,  in  which  case  it  gives  off  a  large  quantity  of  intensely  pungent  acid  fumes, 
is  resolred  into  hydrochloric  acid  and  oxychloride  of  phosphorus ;  with  a  larger  quan- 
tity of  water  it  yields  hydrochloric  and  phosphoric  acids : 

PC1»  +  H*0    =    poa»  +  2Ha 

and  PCI*    +  4H«0  -    PH"0«  +   6Ha 

7.  8ulphj/dric  acid  in  like  manner  converts  it  into  hydrochloric  acid  and  sulphochlo* 
ride  of  phosphorus : 

PC1»  +  HS     -     PSCl"  +   2HC1. 

8.  By  alcoJwls  and  acid*  it  is  decomposed  in  the  same  manner  as  by  water,  yielding 
hydrochloric  acid,  a  chloride  of  the  alcoholic  or  acid  radicle,  and  oxychloride  of  phos- 
phorus, or  phosphoric  acid,  according  to  the  proportions  of  the  acting  substances,  the 
phosphoric  acid  thus  formed  acting  farther  on  the  alcohol  to  produce  a  phosphoric 
ether;  thus  with  amylic  alcohol: 

C»H».H.O     +     PC1»       -       C*H"C1     +     HQ     +     P0C1«. 
Amjlic  alcohol.  Chloride  of 

amyl. 

and  9(C»H".H.O)  +   2Pa*     «     6C*H"C1  +   5HC1  +   2[(C»H«»)*HP0T   +  H«0 

Amylic  alcohol.  Chloride  of  Dhunyiic  phosphate. 

amyl. 

C«H*0«  +     PC1»    «    C«H»0C1    +  HCl    +  poa". 

Acetic  Chlorld«>  of 

acid.  acetyl. 

C»H«0»  +  2PC1»    c=    c"H*oca«  +  2Ha  +  2P0a». 

Lactic  Chloride  of 

acid.  laciyl. 

With  some  diatomic  acids,  however,  it  first  forms  the  corresponding  anhydrides, 
which  are  then  converted  by  excess  of  the  pentachloride  into  the  acid  chlorides :  e.g^ 

c<H*o*  +  pa»   «   c*H*o»      +  2Ha  +  poca". 

Succinic  Succinic 

acid.  anhydride. 

c*H*o"  +  pa*   «   c^H*o«a«  +  pocp. 

Succinic  Chloridp  of 

anhydride.  Succinrl. 

Andmonic  acid  and  boric  acid  are  also  dehydrated  by  it,  yielding  the  corresponding 
anhydrides,  together  with  hydrochloric  acid  and  oxychloride  of  phosphorus  (Schiff, 
Ann.  Ch.Pharm.  cii.  111).  Srrong  mine  acid  acts  very  violently  on  the  pentachloride," 
and  when  it  is  added  to  the  latter  by  drops,  hydrochloric  acid  escape's,  and  if  the 
mixture  be  well  cooled,  a  blood-red  liquid  is  obtained  which  yields  by  distillation 
phosphoric  oxychloride  and  yellow-red  vapours,  probably  consisting  of  N0*C1. 
(Schiff.) 

With  strong  sulphuric  acid^  the  pentachloride  first  yields  phosphoric  oxychloride 
and  chlorhydrosulphuric  acid,  and  bv  prolonged  action,  chloride  of  sulphuryl,  the 
so-called  chlorosulphuric  acid  (SO^)''Cr  (Williamson,  Chem.  Soc  Qu.  J.  vii.  185): 

SO«|g^    +    PCI*     -    ^A^o  +  ^^^*  +  ^^ 

Sulphuric  Chlorhydro- 

acid.  aulphuric 

acid. 

so'l^Q  +  pa*   -   so»ci«     +  poa*  +  hcl 

With  suifhuric  anhydride^  the  products  are  also  phosphoric  oxychloride  and  chloride 
of  sulphuiyl: 

SO*  +  PCI*  -  poa*  +  so«a«. 

With  Bidphurous  anhydride  in  like  manner  chloride  of  thionyl,  (SO)'C]*,  is  produced. 
On  phosphoric  anhydride,  the  pentachloride  does  not  act  in  the  cold,  but  when  heated 
it  acts  easily,  forming  phosphoric  oxychloride.  Glacial  and  syrupy  phosphoric  acid 
are  but  slightly  acted  upon  by  it  even  when  heated.    (Schiff.) 

9.  Many  nutallic  oxides  and  salts  are  readily  decomposed  by  ignition  in  the  vapour 
of  phosphoric  chloride,  yielding  phosphoric  oxychloride  and  a  metallic  chloride  or 
oxychloride.  Such  is  the  case  with  the  oxidis  of  cadmium,  manganese,  cobalt,  and 
ehrofnium,  the  last  yielding  a  violet  sublimate  of  chromic  chloride.  Ferric  oxide  and 
alumina  yield  slightly  volatile  sublimates  consisting  of  the  douMe  chlorides  FeCl*.PCl* 
and  AlCl'.PCl*,  respectively.  The  minerals  of  the  spidd group,  when  finely  pulverised 
and  treated  in  like  manner  are  also  decomposed  with  more  or  less  facility,  chrome-iron 
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and  franldiniU  yielding  distillates  containing  ferric  chloride,  tpind  yielding 
chloride  of  aluminium.  Titanate  of  iron  yields  a  brown  sublimate  and  a  distillate 
containing  the  chlorides  of  iron  and  titanium.  Finely  pulverised  sUica  yields  a 
fuming  distillate  which  is  decomposed  by  water,  with  formation  of  gelatinous  silica ; 
/(Ispar  and  garnet  yield  similar  distillates  containing  also  chloride  of  alumi- 
nium. Tungstic  and  molt/hdic  anhydrides  are  decomposed  in  a  similar  manner 
(Weber,  Pogg.  Ann.  cvii.  375,  Jahresb.  1869,  p.  79).  Tungstic  anhydride  heated  with 
pentachloride  of  phosphorus  yields  a  red-brown  liquid,  which  when  distilled  gires  off 
phosphoric  oxychloride  and  leaves  a  substance,  probably  (WO*)"Cl',  which  sublimes 
in  yeUow-red  vapours.  On  molgbdie  anhydride  the  chloride  acts  more  violently,  the 
mixture  giving  on  thick  white  and  red  vapours,  and  leaving  a  thick  oily  liquid  which 
yields  by  distillation,  ilrHt  phosphoric  oxychloride,  then  molybdie  oxychloride,  then, 

Srobably  in  consequence  of  a  secondary  reaction,  a  red  woolly  sublimate  of  molybdie 
ichloride  (Schiff).  Arsenious  anhydride  is  easily  decomposed  by  pentachloride  of 
phosphorus,  yielding  phosphoric  oxychloride  and  trichloride  of  arw^nic ;  arsenic  anhy- 
dride yields  the  same  products,  with  evolution  of  chlorine  (Hurtzig  and  Geuther, 
Jahiesb.  1857,  p.  186) : 

As'O"     +     3Pri»       =       3P0C1'     +     2AsCl» 

As«0»     +     6P(;i*       «       6P0Cl»     +     2A.sa*     +     CI*. 

Chloride  of  chromyl  (chlorochromic  acid),  CrO*Cl*,  gently  heated  with  phosphoric 
chloride  yields  a  brown  mass ;  at  a  stronger  heat,  phosphoric  oxychloride  ana  free 
chlorine  are  given  off,  and  there  remains  a  blue  powder  containing  cltromic  and  phos- 
phoric chlorides,  and  converted  at  a  red  heat  into  violet  chromic  chloride  : 

2CrO«CP     +      4PCP       -       4P0CP     +     2CrCl"     +     3C1« 

(Weber:  see  also  Schiff,  Jahresb.  1857,  p.  107).  Boric  anhydride  is  but  Tery 
slightly  decomposed  by  ignition  in  the  vapour  of  phosphoric  chloride ;  iodic  anhydride 
very  easily  (Weber),  titrate  of  silver  and  chlorate  of  potassium  are  decomposed  by 
phospliuric  chloride  at  ordinary  temperatures ;  tungstate  of  iron  (wolfram),  sulphate  of 
barium,  phosphate  of  sodium  and  other  salts  nt  a  red  heat  (Weber).  The  decompo- 
sition of  chlorate  of  potassium  is  represented  by  the  equation : 

KC10«     +     3PC1»       «     3P0CP     +     KCl     +     3C1». 

Sometimes  also  a  detonating  gas  (hypochlorous  anliydride  or  chloric  peroxide)  is 
evolved,  probably  from  the  action  of  hydrochloric  acid  resulting  from  the  presence  of 
moisture  (Baudrimont).  According  to  Schiff  (Ann.  Ch.  Pliarm.  cvi.  116)  a  dark 
yellow  gas  is  given  off,  which  may  be  heated  without  exploding,  and  when  passed  into 
dilute  potash-solution,  forms  chloride,  hypochlorite  and  chlorate  of  potassium. 

10.  Metallic  sulphides  h(;ated  in  the  vapour  of  pentachloride  of  phosphorus,  are  de- 
composed like  the  oxides,  yielding  metallic  chloride  and  sulphochloride  of  phosphorus, 
PSCP,  but^^enerally  with  greater  facility  than  the  oxides,  and  sometimes  with  incan- 
descence. Iron  pyrites f  zinc-blende^  sidj^hide  of  bismuth,  realgar,  native  sulphide  of 
antimony,  and  galena^  are  easily  and  completely  decomposed,  the  last  with  incandes- 
cence and  formation  of  a  brown-red  product,  probably  a  sulphochloride  of  lead ;  arsrni- 
cal  pyrites,  smaltine^  cobalt-speiss,  and  red  silver  ore  are  likewise  easily  decomposed. 
Sflenide  of  had  yields  chloride  of  lead  and  a  reddish  seleniferous  liquid  probably  con- 
taining seleniochloride  of  phosphorus.  Metallic  arsenides,  such  as  arsenical  iron  and 
copper-nickel,  are  but  slowly  attacked  by  pentachloride  of  phospliorus.   ( W  e  b  e  r,  /o<*  cit.) 

11.  Sulphocyanate  of  potassium  gently  heated  with  p«ntaclilorido  of  phosphorus 
yields  gaseous  chloride  of  cyanogen,  sulphochloride  of  phosphonis,  and  chloride  of  po- 
tassium : 

KCyS     +     POP       «     CyCl     +     KCl     +     PSC1». 

A  small  quantity  of  chloride  of  sulphur  is  likewise  formed.  At  a  higher  temperature 
larger  quantities  of  chloride  of  sulphur  distil  over,  together  with  trichloride  of 
phosphorus  and  solid  chloride  of  cyanogen ;  and  a  reddish-yellow  residue  is  left^  from 
which  water  extracts  chloride  of  potassium,  leaving  sulphur  and  yellow  decomposition- 
products  of  potassic  sulphocyanate.     The  first  reaction  is  probably  : 

BKCyS     +     2PCl»       -       2Cy»Cl«     +     S»C1«     +     2KC1     +     2K»S'     +     P*, 

the  free  phosphorus  and  the  disulphide  of  potassium  afterwards  acting  on  fi*esh  portions 
of  the  pentachloride,  as  follows : 

P*         +     3PCP     =       5PC1»; 

K*s«    +    PCI*     -     i\sci'    +    2KC1    +    a 

The  yellow  products  alwve  mentioned  probably  arise  from  another  mode  of  decompo- 
sition of  the  sulphocyanate,  produced  simultaneously  by  the  heat.  (Mcliifi;  Ann.  Ch. 
Pharm.  cvi.  116.) 
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With  phosphorett^d  hydrogen  pentachloride  of  phosphorus  forms  hydrochloric  acid 
and  trichloride  of  phosphorus,  or  iree  phosphorus,  according  to  the  proportions : 

3PC1»     +       PK»       «         3HC1     +     4PC1» 
3PC1*     +     6PH»       =       16HC1     +        P». 

12.  Pentachloride  of  phosphorus  rapidly  absorbs  ammontVz-^<u,  forming  sal-ammoniac, 
the  so-called  chlorophosphamide  (p.  498),  chloronitride  of  phosphorus,  and  perhaps 
other  products : 

PC1»     +     4Nn"       «       N«H*Pa»     +      2NH*C1; 

Chlorophotphnmtde. 

and  PCI*     +     4NH'       «       PNCl"  +         SNH^Cl. 

Chloroiitride 
ol  phosphorus. 

It  was  formerly  supposed  also  that  a  compound  of  ammonia  with  the  pentachloride 
was  formed;  but  tlus  does  not  appear  to  be  the  case.  (See  G-mdins  Handbook^ 
ii.  482.) 

13.  Amides  are  decomposed  by  pentachloride  of  phosphorus  in  various  ways.  Acda- 
mide  acts  very  violently  on  t!ie  pentachloride,  and  on  distilling  the  product,  a  con- 
siderable quantity  of  carbonaceous  matter  is  left,  while  a  compound  of  acetonitrilo 
with  trichloride  of  phosphorus,  C'H'N.PCl*,  passes  over  (Henke,  Ann.  Ch.  Pharm. 
cvi.  272).  Buti/rajiiide  yields  in  like  manner  the  compound,  C*H'N.PC1"  (Henke); 
or  according  to  Cahours  (Compt.  rend.  xxv.  325),  butyronitrile,  oxydiloride  of 
phosphorus,  and  hydrochloric  acid : 

C<H»NO     +     PCI*       =     C»H^     +     P0C1«     +     2HCL 

Benzamide  yields  in  like  manner,  according  to  Henke,  benzonitrile,  C'H*N,  oxy chloride  of 
phosphorus,  and  hydrochloric  acid ;  according  to  Gerhardt,  the  first  product))  of  the  re- 
action are  oxychloride  of  phosphonis,  and  the  compound  C'H'NCl* : 

CH'NO     +     PCI*       =       P0C1»     +     C'H'NCP; 

the  latter  being  subsequently  resolved  into  HCl  and  C'H*NC1,  which  when  heated  is 
further  resolved  into  HCl  and  C'H*N  f  benzonitrile).  Sulphophenylamide  (or  siilphi- 
phenylamic  acid),  C*H'SO*N,  heated  with  pentachloride  of  phosphorus  yields  sulphiphe- 
nylic  chloronitride  (Gerhardt's  chloride  of  sulphophenylamidyl) ;  according  to  the 
equation : 

H.C«H*)^  C«H*)„ 

(SO)"  L^      +     PCI*       =       HCl     +     POCl*     +     ('"^O/'V^j. 

Sulphipnenylamic  Sul|>hipiii'iirl:c 

acid.  cb  oronfcride. 

Benzosvlphiijihniyl amide  yields  in  like  manner  benzosulphiphenylic  chloronitride: 

capO)  ^,jr,Q 


/v./u"  r  n     -^     ^Cl*      «      HCl     +     POCP     +      (SO) 

H    j  ^ 

(Gerhardt,  Ann.  Ch.  Pharm.  cviii.  214;  compare  Fittig,  i^/*?.  cvi.  277;  Jahresb. 
1868,  pp.  314—320.) 

Compounds  of  Pentachloride  of  Phosphonis  with  other  Chlorides, 

These  compounds  are  obtained  either  by  direct  combination  of  their  proximate 
constituents,  or  by  the  action  of  various  elementary  bodies  on  pentachloride  of  phosphorus 
(p.  512).  They  are  all  less  volatile  than  the  latter,  and  may  be  fireed  from  excess  of 
it  by  heating  for  ten  to  twenty  hours  to  160° — 180-,  and  further  purified  by  snblima- 
tion  at  a  higher  tempemtun.^.  They  are  all  solid,  volatile,  fume  in  the  air,  and  are  de- 
composed by  water,  in  some  cases  with  rise  of  temperature.  (Baudrimont,  Compt. 
rend.  Iv.  861 ;  Ann.  Ch.  Phys.  [4]  ii.  6.) 

Iod4}pho6phoric  chloridfj  PI  CI*  «=  PCIMCI,  is  obtained  by  the  action  of  iodine  on  the 
pentachloride  ;  also  by  direct  combination  of  its  component  chlorides,  or  of  trichloride 
of  phosphorus  with  trichloride  of  iodine ;  or  by  the  action  of  trichloride  of  iodine  un 
pLntachioride  of  phosphorus : 

pa*   +   ia«     -     pia«   +    a«. 

It  is  orange-yellow,  and  may  be  obtained  by  distillation  in  beautiful  needles  which 
quickly  absorb  moisture  and  deliquesce  to  a  corrosive  liquid. 

Sehnio-phoephoric  chloride^  P'SeOl"  ■=  2PCl*.SeCl*,  obtained  by  direct  combination 
is  orange-yellow,  boils  at  220^,  and  acquires  a  transient  red  colour  when  heated  till  it 
volatilises. 

Alutnino-phosphoric  chloride,  PAICI'  =  PCRAICI*. — This  compound,  first  obtained 

J.  L  2 
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by  Weber  (Pogg.  Ann.  cvii.  375)|  is  produced  by  direct  combination,  by  beating 
finely  diTided  alumina  in  the  raponr  of  phosphoric  chloride  (Weber),  cr  by  the 
action  of  aluminium  on  that  compound  (Bauarimont).  It  is  white,  eamly  fus-ible, 
solidifies  in  the  crystalline  form  on  cooling ;  is  much  less  yolatile  than  either  of  the 
component  chlorides  (Weber),  boils  above  400^  (B  a  u  d  r  i  m  o  n  t).  It  is  decomposed 
by  phosphorus,  with  formation  of  trichloride  of  phosphoros;  forms  a  dark  red-broVrn 
mass  when  heated  with  sulphur ;  and  when  heated  with  chloride  of  potassium,  giyes 
off  pentachloride  of  phosphorus,  and  is  conyerted  into  chloride  of  aluminium  and 
potassium. 

Ferrico-phosphoric  chloride,  PFeCl*  =  PCl*.Fe'*Cl",  obtained  by  similar  processes 
is  brown,  easily  fusible,  le^s  Tolatile  than  either  of  the  component  chlorides  (Weber); 
melts  at  98°  and  boils  aboTe  280°.     (Baudrimont) 

MercuricO'phosphorie  chloride,  PHg*Cl"  ■■  PCl*.3Hg''Cl*,  forms  easily  fusible 
needles  Tolatilising  at  about  200°,  and  decomposing  when  suddenly  heated.  (Bau- 
drimont.) 

Platinico-phosphoric  chloride,  P«RC1"  =>  2PC1»  Pt»'Cl\  obtained  by  the  action  of 
platinum  on  the  pentachloride,  is  an  amorphous  ochre-brown  mass,  which  rolatiliitrs 
with  partial  decomposition  at  temperatures  above  300°.     (Baudrimont.) 

Stannico-phosphoric  chloride,  PSnCl*  =  PCI*  Sn"Cl*,  produced  by  dirtH't  combinntion 
or  by  gently  heating  the  compound,  SSCPJSnCP  with  trichloride  of  phosphorus  in  a 
current  of  dry  hydrochloric  iicid  gas  : 

2Sa«.SnCl«     +     3PC1*       »       PCl».Sn''Cl*     +     2PC1»     +     S«a«; 

alflo  by  heating  the  same  compound  with  pentachloride  of  phosphorus  in  a  stream  of 
chlorine  (Casselmann,  Ann.  Ch.  Pharm.  Ixzxiii.  257;  Jahre?b.  1852,  p.  393).  It 
sublimes  in  brilliant  colourless  needle-shaped  crystals,  which  soon  crumble  to  an  amor- 
phous powder  even  in  closed  vessels  (Casselmann).  Melts  at  220°,  and  volatilises  with 
partial  decomposition.     (Baudrimont.) 

PBOSFBOBV8,  CBIiOROlTZTRZBB  OT.  P'N'Cl*.  Cldcrophosphuret  oj 
NitrtHffm. — This  compound  was  discovered  byWohler  andLiebig  (Ann.  Ch.  Pharm. 
xi.  146),  who  assigned  to  it  the  formula  P'N^Cl*.  It  was  further  examined  by 
Gladstone  (Chem.  Soc.  Qu.  J.  iii.  135),  whose  analyses  appeared  to  confirm  this 
formula.  Laurent  however  (Compt.  chim.  1850,  p.  387),  suggested  that  the  true  for- 
mula  of  the  compound  was  PNCl*,  derived  from  that  of  pentachloride  of  phosphorus 
by  the  substitution  of  1  at.  nitrogen  for  3  at.  hydrogen;  and  the  correctness  of  this 
formula  has  been  established  by  the  recent  analyses  of  Gladstone  and  Holmes 
(Chem.  Soc.  J.  xvii.  225),  who  have  however  shown  that  it  must  be  tripled  in  accord- 
ance with  the  observed  vapour-density. 

Formation. — By  the  action  of  pentachloride  of  phosphorus  on  ammonia,  chloride  of 
ammonium  (Wohler  andLiebig),  or  chloride  of  dimercurammonium (white  precipi- 
tate).    (Gladstone  and  Holmes.) 

Preparation. — 1.  Pentachloride  of  phosphorus  is  saturated  with  dry  ammoniacal  gas, 
and  the  white  mass  produced  is  distilled  with  water.  The  crystals  which  condense  in  the 
water  contained  in  the  receiver  are  then  collected  un  a  filter,  washed,  dried,  and  purified 
by  solution  in  hot  ether  and  recrystallisation  (Wohler  and  Liebig). — 2.  Penta- 
chloride of  phosphorus  is  placed  at  t\\(^  closed  end  of  a  glass  tube  three  feet  long,  and 
at  a  short  distance  from  it.  long  pieces  of  sal-ammoniac  are  introduced,  in  such  quan- 
tity that  the  tube  may  be  half  filled  with  them.  The  tube  is  then  laid  horizontally  in 
a  lonff  furnace,  similar  to  that  used  for  oi^nic  analysis,  and  the  sal-ammoniac 
heated  till  it  begins  to  volatilise ;  a  gentle  heat  is  then  applied  to  the  chloride  of  phos- 
phorus, so  that  its  vapour  may  slowly  pass  over  the  sal-ammoniac,  and  be  completely 
decomposed.  A  large  quantity  of  hydrochloric  acid  gas  is  evolved,  and  the  cool  part 
of  the  tube  becomes  filled  with  crystals  of  chloronitride  of  phosphorus.  This  portion 
of  the  tube  is  broken  off,  and  freed  from  sal-ammoniac  by  slightly  washing  it  with 
water,and  the  compound  is  finally  purified  with  ether  (Wohler  andLiebig). — 8.  Au 
intimate  mixture  of  white  precipitate  and  pentachloride  of  phosphorus  is  gently  heated 
in  a  flask,  whereupon  a  brisk  action  ensues,  and  chloronitride  of  phosphorus  is  formed, 
together  with  chlorophosphamide,  mercuric  chloride,  and  sal-ammoninc  The  produet 
is  treated  with  water  which  dissolves  out  the  two  latter  8uh.Mtances,  and  from  the  residue 
when  dry  the  chloronitride  may  be  extracted  by  means  of  ether,  chloroform,  or  sulphide 
of  carbon.  This  method  is  easier  of  execution  than  the  preceding,  but  not  more  pro- 
ductive.   (Gladstone  and  Holmes). 

Propw^ir*.— -Chloronitride  of  phosphorus  fepnratcs  from  oithor  of  the  solvents  just 
mentioned  in  crystals  belonging  to  the  trimctric  system.*     Specific  gravity  ««  1*98  ; 

*  Thp  pnper  by  (ilidstonr  and  Holnm  aboTo  referrr>H  to  contains  a  Aill  deicrtptlon  of  the  form  and 
optkal  propertirs  of  ihcMcryitala,  by  Frofeiaor  W.  H.  Miller  of  Cambridge. 
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small  crystals  or  a  film  of  the  melted  substance  float  however  on  water,  doubtless  from 
..,.,..,  ..  ,  -r  •<.  •  .•  /•  refractive  IndftX  -  1\  •  i__ 
its  mabilitj  to  be  wetted.     Its  specific  refractive  energj  [t.e, d^Hdly /       ^ 

observation  0*316;  by  calculation  from  the  specific  refractive  energies  of  its  constituents 
(phosphorus  0*58,  nitrogen  0*238,  chlorine  0*242)  it  is  0*332  (Gladstone  and 
Holmes).  It  melts  at  about  110^  to  a  clear  liquid  which  boils  at  240^ ;  it  volatilises 
slowly  at  ordinary  temperatures,  and  when  heated  gives  off  a  dense  vapour  having  a 
peculiar  odour  (G-1  ad s  to n  e).  It  gives  by  analysis  25*96—26*44  per  cent,  phosphorus, 
11*73  nitrogen,  and  60*72 — 61*16  chlorine  (&ladstone  and  Holmes),  agreeing 
nearly  with  the  formula  FNCl*,  which  requires  26*72  phosphorus,  12*07  nitrogen,  ana 
61*21  chlorine.  The  vapour-density  (mean  of  two  determinations)  a  12*21 ;  whence 
the  true  formi:da  of  the  compound  is  P*N*C1*,  which,  for  a  condensation  to  2  volumes, 
gives  for  the  calculated  density  the  number  12*10. 

Chloronitride  of  phosphorus  is  insoluble  in  water,  which  moreover  does  not  easily 
wet  it ;  easily  soluble  in  alcohol^  ethrr^  chloroform^  sulphide  of  carbon ,  benzene^  oil  of 
turpentine  and  other  hydrocarbons.  It  is  not  decomposed  by  sublimation  in  hydrogen 
or  sulphydric  acid  gas;  or  when  heated  with  iodine  (Gladstone).  When  ignited 
with  oxide  of  copper,  it  yields  nitrogen  gas  and  nitnc  peroxide.  Its  vapour  passed 
over  red-hot  tron,  yields  nitrogen  gas,  and  a  (^stalline  mass  consisting  of  chloride  and 
phosphide  of  iron  (Wohler  and  Liebig).  Heated  with  silver ^  it  yields  chloride  of 
silver,  another  silver-salt  insoluble  in  nitric  acid,  and  ammonia;  it  is  decomposed  in  a 
similar  manner  by  silver  when  dissolved  in  ether,  the  solution  acquiring  an  acid 
reaction.  Its  alcoholic  solution  mixed  with  nitrate  of  silver,  yields  a  precipitate  of 
silver-chloride.  According  to  Wohler  and  Liebig,  it  is  not  attacked  by  sulphuric,  hy- 
drochloric, or  nitric  acid,  even  when  heated ;  according  to  Gladstone,  the  crystallised 
substance  is  attacked  only  by  hot  fuming  nitric  acid,  and  more  easily  when  dissolved  in 
alcohol  or  ether. 

When  treated  in  alcoholic  solution  with  ammonia  or  potash^  it  is  immediately  con- 
verted into  pyrophosphodiamic  acid  (^.  v.)  (Gladstone  and  Holmes): 

2P«N»C1«  +   16H«0     -     8I»N»EK>»  +   12HC1. 

Chloronitride  Pyrouiios- 

of  phosphorus.  phodlamlc 

add. 

VBOSPBOXUBf  CBXO&OSIIXPSXOB  OF.  See  Phosphobus,  Sulphochlo- 
BIDS  of. 

VBOSPHOXUflff  CTABZBB8  OF.  Kemp  found  that  cyanogen  liquefied  by 
strong  pressure  is  capable  of  dissolving  phosphorus;  and  Cenedella  (Ann.  Ch. 
Pharm.  xviii.  70),  by  heating  5  grains  of  phosphorus  with  20  grains  of  mercuric  cyanide, 
obtained  (unless  a  dangerous  explosion  took  place)  a  white  sublimute  which  had  a  very 
pungent  odour  of  phosphorus  and  cyanogen,  and  dissolved  in  water  with  ebullition 
and  separation  of  phosphorus,  forming  a  solution  of  phosphoric  acid,  with  traces  of 
hydrocyanic  acid  (Gmelin's  Handbook,  viii.  147).  Neither  of  these  products,  however, 
appears  to  have  possessed  any  definite  character,  and  the  only  known  definite  cyanide 
of  phosphorus  yet  obtained  is  that  which  corresponds  to  the  trichloride. 

Trioyanlde  of  Pbosplionis  or  Pbospboronji  Cymnidet  PC*N'  or  PGy* 
(Hiibner  and  Wehrhane,  Ann.  Ch.  Pharm.  cxxviii.  264  ;  cxxxii.  277). — This  com- 
pound is  produced :  1.  By  heating  cyanide  of  silver  with  trichloride  of  phosphorus  in 
a  sealed  tube : 

PCI"  +   SAgCy     -     PCy»  +  3Aga. 

2.  Together  with  chloride  of  cyanogen  and  chloride  of  silver,  by  heating  cyanide  of 
silver  with  a  solution  of  pentachloride  of  phosphorus  in  sulphide  of  carbon : 

PC1»  +  4AgCy     »     PCy«  +   CyCl  +   4AgCl. 

It  is  not  formed  by  heating  other  metallic  cyanidea  or  hydrocyanic  acid  with  trichloride 
of  phosphorus,  or  by  mixing  phosphorus  vapour  wiUi  cyanogen  gas  or  vapour  of 
chloride  of  cyanogen. 

Preparation.—  Cyanide  of  silver  is  thoroughly  moistened  in  a  strong  tube,  which  is 
kept  cool,  with  trichloride  of  phosphorus ;  the  tube  is  sealed  and  heated  to  130^ — 140^ 
for  six  or  eight  hours ;  the  product  is  then  warmed  to  drive  off  the  excess  of  the  tri- 
chloride; and  the  dry  residue  is  heated  to  130*^—140°,  or  at  most  to  180®,  in  a 
retort  having  its  beak  directed  upwards  (best  in  a  slow  stream  of  carbonic  anhydride) 
till  it  sublimes.  The  retort  is  then  closed  air-tight  and  left  to  cool,  and  the  crjstals 
of  phofiphorous  cyanide  are  removed  from  the  neck  by  a  glass  rod,  20  to  25  grammes  of 
silver-cyanide  yield  4*6  to  4*8  grammes  cyanide  of  phosphorus. 

Properties. — Tricyanide  of  phosphorus  forms  long  white  needles  or  thick  plates, 
which  take  fire  even  on  being  touched  with  a  warm  glass  rod,  and  gradually  disintegrate 
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in  contact  with  moist  air,  with  separation  of  phosphorus,  formation  of  phosphorous  add 
and  evolution  of  hydrocyanic  acid.  It  mAta  between  200^  and  203^,  and  Temains 
liquid  for  some  time  after  fusion,  but  solidifies  on  being  touched  with  a  solid  body.  It 
bulls  at  a  few  degrees  above  its  melting  point.  It  is  but  slightly  soluble  in  ether, 
chloro/orMf  sulphide  of  carbon  or  irahloride  of  phosphorus^  more  easily  however  near 
its  melting  point.  In  contact  with  watcr^  it  is  rapidly  decomposed,  yielding  hydro- 
cyanic and  phosphorous  adds.  Willi  ethylic  or  amylic  alcohol^  it  produces  the  corre- 
sponding phosphorous  ether,  together  with  a  large  quantity  of  hydrocyanic  acid  and  a 
fetid  body,  the  same  apparently  as  that  which  is  formed  in  the  preparation  of  cyanide 
of  ethyl  (ii.  211).  Aciiic  aiid  acts  on  phosphorous  cyanide  with  great  violence,  otteu 
producing  separation  of  carbon.  With  valcriunic  acid  it  forms  hydrocyanic  acid,  phos- 
phorous acid  and  an  oily  body  exhibiting  the  reactions  of  cyanide  of  valeryl.  Chloride 
of  acetyl  acts  upon  it  at  100°,  but  the  reaction  does  not  yield  any  easily  separable 
products.  It  is  not  acted  upon  by  dry  ammcnia  gas  at  ordinary  temperatures,  but 
when  heated  in  that  gas,  it  is  converted  into  a  bkck  mass  insoluble  in  water. 

VBOAVBOKUSf  3>BTBCTXOV  Ain>  B8TXMA.TZOW  OT,  Phosphorus,  as 
already  observed,  occurs  in  nature  most  frequently  in  the  form  of  a  phosphate.  The 
reactions  of  these  salts,  and  the  methods  of  estimating  the  phosphoric  acid  or  the 
phosphorus  contained  in  them  will  be  given  hereafter  (see  Phospbobus,  Oxyobm- 
▲ciDS  op). 

In  the  lower  oxygen-compounds  of  phosphoros,  namely  the  phosphites  and  hypo- 
phosphites,  the  phosphorus  is  determined  by  converting  them  into  phosphates  by 
oxidation  with  nitnc  acid,  or  better  with  hydrochloric  add  and  chlorate  of  potassium, 
or  by  their  reducing  action  on  salts  of  gold  or  mercury. 

The  chlorides  of  phosphorus  are  analysed  bv  decomposing  them  with  water  or 
with  alkaline  solutions,  whereby  they  are  convertea  into  hydrochloric  acid,  and  phos- 
phorous or  phosphoric  acid,  according  as  the  compound  operated  on  is  a  tri-  or  penta- 
chloride.  In  the  latter  case,  the  phofe^phorus  may  be  immediately  precipitated  as 
ammonio-magnesian  phosphate  ;  in  the  former  it  must  first  be  brought  to  the  state  of 
phosphoric  acid  by  oxidation  with  nitric  acid.  The  chlorine  may  be  determined  by 
precipitation  with  nitrate  of  silver.  The  same  method  serves  for  the  analysis  of  the 
bromides,  iodides,  and  cyanide  of  phosphorus. 

The  sulphides  of  phosphorus  may  be  decomposed  by  fusion  with  nitre  and  carbo- 
nate of  sodium,  or  by  treatment  with  liydroehloric  acid  and  chlorate  of  potassium.  In 
either  case,  the  phosphorus  is  converted  into  phosphoric  acid,  the  sulphur  into  sulphuric 
acid,  and  the  former  may  be  precipitated  by  solution  of  magnesia  and  ammonia^  the 
latter  as  a  barinm-salt. 

The  same  method  is  applicable  to  the  selenides  of  phosphorus. 

The  nitrogen-compounds  of  phosphorus,  viz.  thephosphamides  and  phos- 
phamic  acids,  are  decomposed  by  the  action  of  alkalis,  the  phosphorus  being  thereby 
converted  into^  a  salt  of  phosphoric  acid.  Chloronitride  of  phosphorus  is 
decomposed  by  treating  its  alcoholic  solution  with  ammonia,  whereby  it  is  converted 
into  chloride  and  pyrophosphodiamate  of  ammonium  (p.  517).  The  chlorine  is  then 
thrown  down  by  nitrate  of  silver  in  presence  of  nitric  acid,  and  the  pyrophosphodiamie 
acid  is  converted  into  phosphoric  acid  by  boiling  its  solution  fur  some  time  with  hy- 
drochloric acid.    (Gladstone  and  Holmes.) 

The  phosphorus  in  organic  compounds  is  converted  into  phosphoric  acid,  either 
by  fusion  with  nitre  and  carbonate  of  sodium,  or  by  Carina's  method  of  heating  with 
mtric  acid  in  sealed  tubes  (see  Axaltsis,  Obgaxic,  i.  248).  Many  animal  and  vegetable 
substances  contain  phosphorus,  pai'tly  as  phosphoric  acid,  partly  in  combination  with 
the  organic  matter.  To  estimate  the  quantities  of  phosphorus  existing  in  these  two 
states,  a  known  weiglit  of  the  compound  is  boiled  with  hydrochloric  acid,  which  dis- 
solves the  phosphate  present,  and  possibly  another  portion  or  even  the  whole  of  the 
compound,  though  that  is  seldom  the  case.  The  liquid  is  then  filtered  and  the  phos- 
phoric acid  precipitated  as  ammonio-mague&ian  phosphate.  Anotlier  portion  of  the 
compound  is  oxidised  by  one  of  the  methods  above  mentioned,  and  the  phosphoric  acid 
determined  in  like  manner.  If  the  quantities  of  phosphoric  acid  obtained  in  the  two 
cases  are  equal,  it  may  be  concluded  that  all  the  phosphorus  in  the  original  compouud 
was  in  the  form  of  phosphoric  acid ;  if  on  the  other  hand  the  oxidised  portion  is  found 
to  yield  a  larger  Quantity  of  phosphoric  acid,  the  quantity  of  phosphorus  existing  in  the 
non -oxidised  condition  may  be  calculated  from  the  difference. 

Gaseous  compounds  of  phosphorus  and  hydrogen  are  analysed  by  passing  them 
in  the  perfectly  6rj  state  over  a  weighed  quantity  of  sulphide  or  chloride  of  copper, 
nickel,  cobalt,  or  iron,  of  known  composition,  kept  at  a  moderate  heat  in  a  bulb-tube. 
The  metal  is  thereby  completely  converted  into  ])hoBphide,  and  the  sulphur  or  chlorine 
passes  oflf  as  sulphydric  or  hydrochloric  acid.  The  bulb- tube  containing  tlie  metallic 
chloride  or  sulphide  is  wcijjhcd,  first  empty,  then  with  the  chloride  or  fculj-hidc  in  it, 
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■did  lastly  at  the  completion  of  the  experiment.     The  composition  of  the  chloride  or 
Bulphide  used  being  previously  known,  the  quantity  of  metal  contained  in  it  is  also 
known  and  the  excess  of  weight  of  the  metallic  phosphide  over  this  gives  the  quantity 
of  phosphorus  in  the  gas.     To  determine  the  quantity  of  hydrogen  that  was  in  combi- 
nation with  it,  the  sulphur  or  chlorine  that  has  united  with  this  hydrogen  must  be 
collected  and  estimated.    When  a  sulphide  is  used,  the  sulphydric  acid  produced  may 
be  passed  into  a  solution  of  lead  or  copper,  the  precipitated  sulphide  oxidised  by  nitric 
acid,   and  the  sulphur  precipitated  as  sulphate  of  barium  (see  Sulphur).     If  the 
original  metallic  compound  was  a  chloride,  the  hydrochloric  acid  which  passes  off  is 
passed  into  dilute  ammonia ;  the  resulting  solution  neutralised  with  nitric  acid,  and  the 
chlorine  precipitated  by  nitrate  of  silver.     The  quantity  of  sulphur  or  chlorine  which 
has  been  expelled  as  a  hydrogen-compound  being  thus  known,  the  quantity  of  hydrogen 
which  has  entered  into  combination  with  it,  which  is  the  same  as  that  originally  com- 
bined with  the  phosphorus,  is  easily  calculated.     Tbis  method  gives  trustworthy  results 
even  when  the  phosphoretted  hydrogen  gas  is  mixed  with  a  considerable  quantity  of 
free  hydn^en  ;  for  the  sulphides  of  the  metals  above  mentioned  are  not  decomposed 
by  free  hydrogen,  even  at  high  temperatures ;  neither  are  their  chlorides  decomposed 
by  that  gas  at  the  temperature  required  for  the  decomposition  of  the  phosphoretted 
hydrogen,  especially  m  presence  of  an  excess  of  the  latter.    The  sulphides,  however, 
give  for  the  most  part  more  exact  results  than  the  chlorides. 

To  determine  the  total  amoimt  of  hydrogen  as  well  as  of  phosphorus  in  a  mixture 
of  phosphoretted  hydrogen  and  free  hydrogen,  the  gas,  after  being  thoroughly  dried,  is 
passed,  through  a  tube  containing  very  finely  divided  metallic  copper  heated  to  redness. 
The  phosphorus  then  unites  with  the  copper,  and  the  hydrogen  thus  liberated,  together 
with  that  originally  existing  in  the  free  state,  passes  into  a  second  tube  containing  oxide 
of  copper  likewise  heated  to  redness,  whereby  the  hydrogen  is  converted  into  vapour  of 
water,  which  passes  on  and  is  collected  in  a  third  tube  containing  dry  chloride  of  calcium. 
The  increase  of  weight  of  the  first  tube,  after  the  experiment  gives  the  quantity  of  phos- 
phorus, and  the  increase  of  weight  of  the  third  tube  gives  the  quantity  of  water  formed, 
whence  the  total  quantity  of  hydrogen  is  determined.  In  this  manner  the  relative  quan- 
tities of  free  hydrogen  and  phosphoretted  hydrogen,  PH',  in  the  gas  may  be  found. 
For  other  methods  see  H.  Boee.    {Traite  de  Chimie  AnalyOqw^  ii.  117*2.) 

Metallic  phosphides  are  analysed  by  dissolving  them  in  nitric  acid,  nitro-muri- 
atic  acid,  or  a  mixture  of  hydrochloric  acid  and  chlorate  of  potassium.  The  phosphorus 
is  thereby  completely  converted  into  phosphoric  acid,  the  metal  being  for  the  most 
part  dissolved  at  the  same  time.  The  metal  may  then  be  precipitated  from  the  solution 
by  sulphydric  acid  or  sulphide  of  ammonium  (after  the  excess  of  nitric  acid  has  been  driven 
off  or  nearly  neutrahsed),  and  from  the  filtrate  the  phosphoric  acid  may  be  precipitated 
as  ammonio-magnesian  phosphate.  If  pure  nitric  acid  has  been  used  to  aissolve  the 
compound,  the  solution  may  be  evaporated  to  dryness,  the  calcined  residue  decomposed 
by  fusion  with  an  alkaline  carbonate,  the  fused  mass  digested  with  water,  and  the  phos- 
phoric acid  precipitated  from  the  filtered  alkaline  solution  as  above.  The  phosphide 
may  also  be  decomposed  at  once  by  fusion  with  four  or  five  times  its  weight  of  a 
mixture  of  nitre  and  alkaline  carbonate. 

Most  metallic  phosphides  are  insoluble  in  hydrochloric  acid,  even  when  heated. 
Nevertheless  when  a  very  small  quantity  of  phosphorus  is  associated  with  a  large  auan- 
tity  of  iron,  as  in  many  kinds  of  pig-iron,  the  whole  dissolves  in  hydrochloric  or  dilute 
sulphuric  acid,  the  phosphorus  passing  into  solution  as  phosphoric  acid.  (For  the 
methods  of  estimating  phosphorus  in  pig-iron,  see  iii.  373.) 

Testing  for  free  Phosphorus. — ^The  properties  and  reactions  of  phosphorus  in  the  free 
state  have  been  already  described.  Oi^inaiy  phosphorus  is  especially  distinguished  by 
its  ready  inflammability,  the  bright  flame  and  dense  white  fumes  of  phosphoric  anhy- 
dride produced  by  its  rapid  combustion,  and  by  the  peculiar  odour  and  luminosity 
in  the  dark  resulting  from  its  slow  combustion  at  ordinary  temperatures.  Oils  and 
fatty  substances  mixed  with  flnely  divided  phosphorus  likewise  shine  in  the  dark  with 
a  greenish-white  light  Small  quantities  of  phosphorus  in  the  state  of  vapour  or  me- 
chanically suspended  particles,  impart  a  peculiar  greenish  colour  to  the  flame  of  hydro- 
gen and  other  combustible  gases. 

When  the  quantity  of  free  phosphorus  mixed  with  any  substance  is  too  small  to  pro- 
duce luminosity,  it  might  be  detected  by  oxidising  it  to  phosphoric  add  by  means  of 
nitric  acid  or  hydrochloric  acid  and  chlorate  of  potassium,  and  testing  for  phosphoric 
acid  by  the  usual  methods.  But  when  phosphorus  has  to  be  searched  for  in  cases  of 
poisoning, this  method  is  of  no  value:  for  phosphoric  acid  is  contained  in  most  of  the 
tissues  and  fluids  of  the  animal  body,  and  in  the  majority  of  substances  which  are  used 
as  food.  To  obtain  the  reactions  of  this  acid  in  the  substance  under  examination, 
affords  therefore  no  proof  that  phosphorus  has  been  administered ;  the  only  satisfactory 


520    PHOSPHORUS :  DETECTION  AND  ESTIMATION. 

eyidence  of  such  administration  ia  to  prodnoe  the  phosphanu  in  the  free  atate,  or  si 
least  to  exhibit  its  luminosity. 

The  process  generally  nsea  for  this  purpose  is  that  derised  bjMitseherlieh  (J.  pr. 
Chem.  Ixri.  238 ;  Jahresb.  1866,  p.  779).  The  suspected  substance  is  distilled  with 
water  and  sulphuric  add  in  a  flask  fitted  up  with  a  deliyeiy-tube  bent  twice  at  right 
angles  and  dipping  into  a  receiyer  containing  water,  which  must  be  kept  cool :  for  gases 
and  yapours  containing  free  phosphorus  do  not  exhibit  luminosity  when  their  temper- 
ature is  raised  aboye  a  certain  point.  The  distillation  is  performed  in  the  dark.  As 
soon  as  the  yapours  arrive  in  the  cool  part  of  the  tube,  a  continual  phosphorescent  light 
is  observed  therein,  generally  in  the  form  of  a  shining  ring ;  at  the  same  time  globules 
of  phosphorus  are  deposited  in  the  receiyer.  In  this  manner  1  pt.  of  phosphorus  mny 
be  detected  in  100,000  pts.  of  substance.  The  luminosity  of  phosphorus  is  however 
prevented  by  the  presence  of  certain  volatile  substances,  among  others  by  ether,  alcohol, 
oil  uf  turpentine  and  ammonia.  Ether  and  alcohol  being  very  volatile,  quickly  pa^s 
off  at  the  commencement  of  the  distillation,  so  that  their  disturbing  influence  is  suon 
eliminated ;  oil  of  turpentine,  on  the  contrary,  would  prevent  the  phosphorescent  appear- 
ance during  the  whole  of  the  distillation ;  but  this  substance  is  not  likely  to  h*^  present  in 
matters  which  become  the  subject  of  medico-legal  investigations.  Ammonia  if  present 
will  be  retained  by  the  sulphuric  acid  in  the  flask. 

Scherer  (Ann.  Ch.  Pharm.  cxii.  214),  modifles  the  preceding  process  by  filling  the 
apparatus  before  commencing  the  distillation,  with  carbonic  acid  gas,  which  is  easily 
effected  by  throwing  a  few  lumps  of  chalk  into  the  flask  containmg  the  acid  liquid. 
The  phosphorescence  in  the  tube  is  then  seen  just  as  before  (the  oi^gen  being  of  course 
not  completely  expelled),  but  the  conversion  of  the  phosphorus  into  phosphorous  acid  is 
in  a  great  measure  prevented,  so  that  a  larger  portion  of  it  is  collected  in  the  free  state. 
The  water  in  the  condensing  vessel  shines  strongly  when  agitated  in  the  dark,  and 
gives  a  blackish  precipitate  with  nitrate  of  silver. 

Small  quantities  of  phosphorus  diffused  through  organic  matter  may  be  collected 
and  approximately  estimated  by  means  of  sulf>hur.  The  substance  under  examination 
is  mixed  in  a  tubulated  retort  with  dilute  sulphuric  acid,  a  few  pieces  of  sulphur  are 
added,  and  the  whole  is  distilled  for  about  half  an  hour.  The  distillate  frequently 
contains  small  quantities  of  phosphorous  aud  phosphoric  acids  formed  by  oxidation  of 
the  phosphorus  vapours.  It  may  be  treated  with  nitric  acid  in  order  to  convert  the 
whole  of  the  phosphorus  into  phosphoric  acid,  and  the  quantity  then  determined  by 
precipitation  as  ammonio-magnesian  phosphate. 

The  residue  in  the  retort  is  removed  after  cooling  and  the  lumps  of  sulphur  are  picked 
out  and  washed.  They  contain  all  the  free  phosphorus  in  the  original  substance  which 
has  not  passed  over  into  the  distillate.  If  the  phosphorus  is  in  excess,  its  combination 
with  sulphur  is  liquid  even  after  complete  cooling ;  in  the  contrary  case,  the  compound 
when  cold  is  a  soft,  plastic,  crystalline  mass.  If  the  sulphur  contains  only  2  per  cent, 
of  phosphorus,  it  may  still  fume  on  exposure  to  the  air  even  after  drying,  and  turns 
black  when  moistened  with  silver-solution ;  the  latter  effect  is  produced  indeed  even 
when  the  proportion  of  phosphorus  in  the  sulphur  does  not  exceed  I  per  cent.  The 
phosphorised  sulphur  abo  shines  in  the  dark  when  heated  to  100^.  By  digesting  it 
with  nitric  acid,  the  phosphorus  contained  in  it  is  easily  converted  into  phosphorio 
acid,  which  may  then  be  precipitated  as  above.  (Lipowitz,  Fogg.  Ann.  xc.  600; 
Jahresb.  1863,  p.  641.) 

Dusart  (Oompt  rend,  xliii.  1126;  Jahresb.  1866,  p.  724)  employs  for  the  deteo 
tion  of  small  quantities  of  phosphorus,  the  production  of  phosphoretted  hydrogen  which 
takes  place  when  the  substance  containins  the  phosphorus  is  exposed  to  the  action  of 
nascent  hydroacn.  The  substance  is  introauced  into  a  generating  vessel  containing  zinc 
and  dilute  sulphuric  add,  and  fitted  up  like  Marsh's  apparatus  for  the  detection  of 
arsenic  (i.  362).  If  phosphorus  is  present,  the  evolved  gas  will  contain  phosphoretted 
hydrogen  and  will  burn  with  an  emerald-green  flame.  The  green  colour  disappears  how- 
ever as  soon  as  the  end  of  the  tube  becomes  hot;  but  on  holding  a  piece  of  porcelain  in 
the  flame,  the  green  colour  again  becomes  visible  where  the  flame  is  in  contact  with 
the  cold  surface.  If  the  end  of  the  tube  be  curved  and  made  to  dip  under  mereuir, 
with  only  the  very  extremity  projecting  above  the  surface,  so  as  to  keep  it  constantly 
cool,  the  gas  will  give  a  continuous  emerald-green  flame,  surrounded  by  an  outer  pale  blue 
envelope.  Blondlot  (Compt.  rend,  liu  1197;  Jahresb.  1861,  p.  821)  recommends 
the  use  of  a  flue  platinum  jet,  in  order  to  avoid  the  yellow  colouring  of  the  flame  pro- 
duced by  the  sodium  in  glass.  As  commercial  sine  often  contains  phosphorus,  and  it  is 
therefore  necessary  to  use  pure  distilled  zinc  which  yields  but  a  slow  stream  of  gas,  he 
collects  the  gas,  before  igniting  it,  in  an  apparatus  somewhat  like  a  DobereinePs  pla- 
tinum-lamp. The  green  colouring  of  the  flame  is  more  or  less  interfered  with  by^  the 
presence  of  organic  matters,  namely,  alcohol,  ether,  volatile  oils  and  soluble  animal 
substances.       In  such  cases  the  gas  may  be  passed  through  a  dilute  solution   of 
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BilTer-nitrate,  and  tbe  remdting  precipitate  treated  in  another  hydrogen  appaiatas  as 
above.  By  this  means  also  the  presence  of  phosphorus  may  be  detected  aiter  gradual 
oxidation,  and  when  it  no  longer  exhibits  luminosity  in  Mitscherlich's  apparatus. 

Fresenius  and  Neubauer  (Analyt  Zeitschr.  p.  336)  object  to  the  preceding 
process,  that  the  large  quantity  of  zinc-salt  produced  in  the  liquid  interferes  with  the 
subsequent  examination  for  metallic  poisons ;  they  therefore  prefer  driving  out  the 
phosphorus  by  a  stream  of  carbonic  anhydride.  For  this  purpose  the  flask  containing 
the  suspected  substance  and  the  dilute  sulphuric  acid  is  connected  with  an  apparatus 
for  generating  carbonic  anhydride,  and  is  also  provided  with  a  delivery-tube  connected 
with  a  TJ-tube  containing  a  neutral  solution  of  nitrate  of  silver.  The  whole  apparatus  is 
first  filled  with  carbonic  anhydride,  the  fiask  then  heated  to  60^  or  70^  for  several  houis, 
the  stream  of  gas  being  kept  up  aU  the  time ;  and  the  precipitate  formed  in  the  silver- 
solution  is  collected,  carefully  washed,  and  treated  in  a  hvdrogen  apparatus  as  above. 

Scherer  (Ann.  Gh.  Fharm.  cxii.  224)  employs  for  the  detection  of  phosphorus  a 
process  depending  upon  its  volatility  and  its  reaction  with  silver-solution.  A  piece  of 
thin  filtering  paper  moistened  with  nitrate  of  silver,  and  suspended  over  a  slightly  warmed 
liquid  containing  free  phosphorus,  soon  becomes  blackened,  the  silver  being  reduced  by 
the  phosphorus.  As  however,  the  blackening  might  proceed  from  sulphydric  acid  evolved 
from  the  liquid,  it  is  necessary  in  the  first  instance  to  suspend,  in  the  fiask  containing 
the  acidulated  liquid  under  examination,  a  strip  of  paper  moistened  with  solution  of 
nitroprussiate  of  sodium  or  acetate  of  lead ;  if  no  blueing  of  the  paper  takes  place  in 
the  one  case  or  blackening  in  the  other  it  may  be  inferred  that  the  liquid  does  not  give  ofl 
sulphydric  acid,  and  the  blackening  of  the  paper  moistened  with  silver-solution  may  then 
be  attributed  to  the  presence  of  phosphorus.  If  a  considerable  quantity  of  silver-phos- 
phide is  formed,  it  may  be  oxidised  by  chlorine-water,  and  the  resulting  solution  tested 
for  phosphoric  acid  with  a  magnesium-salt  or  with  molybdate  of  ammonium.  It  is 
necessary,  however,  to  make  a  comparative  experiment  with  an  equal  portion  of  the  clean 
paper,  as  phosphoric  acid  may  be  already  present  in  it  Fresenius  and  Neubauer 
{loc.  dt.)  observe  also  that  the  blackening  of  the  paper  may  arise  from  certain  acids  gene- 
rated in  the  process  of  putrefaction,  and  would  therefore  in  some  cases  give  uncertain 
indications. 

For  the  more  certain  detection  of  phosphorus  in  all  cases  in  which  it  is  not  already 
wholly  converted  into  phosphoric  acid,  Fresenius  ami  Neubauer  recommend 
the  following  series  of  operatiuus: — 1.  It  must  be  ascertained  whether  the  substance 
shines  in  the  dark  when  agittited.  A  small  portion  is  then  to  be  tested  by  Scherer' s 
method  with  strips  of  paper  moistened,  the  one  with  silver-  the  other  with  lead-solution ; 
if  only  the  former  is  blackened,  phosphorus  is  most  probably  present — 2.  A  portion  of 
the  suspected  substance  is  treated  by  Mitscherlich's  process  (p.  620).  If  no  phospho- 
rescence is  observed  in  the  tube,  and  no  free  phosphorus  collects  in  the  distillate,  the 
latter  is  to  be  tested  in  the  hydrogen  apparatus  (p.  520). — 3.  If  these  experiments 
give  only  negative  results,  the  substance  is  to  be  heated  in  a  stream  of  carbonic  anhydride, 
the  gas  passed  through  silver-solution  above  described,  and  the  resulting  precipitate,  if  any, 
treated  in  the  hydrogen  apparatus. — 4.  The  quantity  of  phosphorus  present  may  be  de- 
termined in  another  portion  of  the  substance  by  Hitscherlich's  process  as  modified  by 
Scherer  (p.  620).  The  fiask  which  serves  as  a  receiver  is  to  be  connected  air-tight,  on 
the  one  side  with  the  condensing-tube  which  dips  into  the  water  in  the  receiver,  on  the 
other  side  with  a  U-tube  containing  neutral  silver-solution ;  the  distillation  is  kept  up 
for  2^  hours.  If  any  globules  of  phosphorus  collect  in  the  receiver,  they  may  be  col- 
lect ea  and  weighed.  The  liquid  distillate  is  then  to  be  mixed  with  the  contents  of  the 
U-tube,  oxidised  with  chlorine-water,  and  the  resulting  phosphoric  acid  determined  in 
the  usual  way. — 5.  Phosphorised  substances  which  have  been  exposed  to  the  air  for 
some  time  may  still  contain  part  of  the  phosphorus  in  the  form  of  phosphorous  acid. 
In  this  case  the  residues,  which  in  the  preceding  experiments  have  given  only  negative 
results,  are  to  be  treated  as  above  described  in  the  hydrogen  apparatus,  the  evolution 
of  hydrogen  being  kept  up  for  several  hours,  while  the  apparatus  is  warmed  in  the 
water-bath,  the  evolved  gas  passed  through  a  U-tube  containing  silver-solution,  and 
the  precipitate  examined  for  phosphorus  as  above. 

Atomic  Weight  of  Pkotphorus, — The  atomic  weight  of  this  element  was 
correctly  determined  byBerzeliusin  1816  (Schw.  J.  vii.  43\  By  decomposing  tri- 
chloride of  gold  with  phosphorus,  he  found  in  one  experiment  that  0*829  grro, 
phosphorus  threw  down  8'714  grm.  gold,  and  in  another  0*764  grm.  phosphorus 
threw  down  7*93  grm.  gold  :  hence  from  the  equation  6AuCl*  +  P*  »  3PC1*  +  Au*, 
taking  the  atomic  weight  of  gold  at  196,  the  mean  of  the  two  experiments  gives : 

P     -     1683    X    196    X    5     ^     gj.^^ 

16-644    X    3 

A  similar  experiment  with  nitrate  of  silver  gave  P  »  31*34. 
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Pelouze,  in  1847  (Compt.  rend.  xz.  10-47),  by  decomposing  an  acid  solution  of 
8ilrer-nitrat«  with  trichloride  of  phosphorus,  obtained  a  higher  number,  viz,  32 ;  but 
tlie  result  first  obtained  by  Berzeliua  has  been  fully  confirmed  by  the  more  recent  and 
very  careful  experiments  of  Schrotterin  1853  ^Aun.  Ch.  Pharm.  Ixzx.  202),  and  of 
Dumas  in  1860  {ibid,  cxiii.  28). 

Schrotter  burnt  weighed  quantities  of  amorphous  phosphorus  in  a* stream  of  dry 
oxygen,  the  apparatus  being  so  arranged  that  no  phob-phoric  anhydride  could  be  lost. 
In  ten  experiments  thus  made,  100  pts.  phosphorus  yielded  from  229*30  to  22878  pts. 
phosphoric  anh^'dride,  P*0* — mean  228*92 ;  whence  the  proportion  P*  :  P*  +  80  = 
100:  228'92  gives  P  »  3103. — Dumas,  by  decomposing  very  pure  trichloride  uf 
phosphorus  with  a  standard  solution  of  silver-nitrate  (2P(J1"  +  SAg'O  »  P*0'  + 
6AgCl),  obtained  in  five  experiments  the  following  results : — 

1-787  grm.  PCI*  required  4208  silver  :  therefore  P  =  3101 

1-466                   „  3-464             „  31-00 

2056                   „  4-844             „  31-00 

2-925                   „  6*890             „  31*04 

3-220                   „  7-582            „  3109 

From  all  these  results,   the  number  31   is  now  universally  adopted  as  the  atomic 
weight  of  phosphorus. 

PBOSPBORUSt  nuOHXBB  OF.  PF*.  A  very  volatile  compound  first 
obained  by  Davy,  and  further  examined  by  Dumas.*  It  is  prepared  by  distilling 
fluoride  of  lead  or  mercury  with  phosphorus,  a  phosphide  of  the  metal  then  remaining, 
while  fluoride  of  phosphorus  distils  over.  It  is  a  colourless  inflammable  liquid,  which 
fumes  strongly  in  the  air,  and  is  said  to  yield  by  combustion,  phosphoric  anhydride  and 
fluorine.     Water  converts  it  into  phosphorous  aud  hydrofluuric  acids. 

PBOSPBORVB*  BTBBATB  OF  X  The  white  crust  which  forms  on  the  sur- 
face of  phosphorus  immersed  in  water,  is  said  by  Pelouze  to  be  a  hydrate,  P'.H'^O ;  bat 
it  appears  rather  to  be  an  allotropic  modification  of  phosphorus  (p.  503 ). 

VBOSPBOBVA,  BYBBZHBB  op.     (See  Htdbooek,  Phosphides  of,  iii.  199.) 

PBOBPBOBVBt  ZOBZBB8  OP.  Two  of  these  compounds  are  known — namely, 
the  tri-iodide,  analogous  to  the  trichloride  and  tribromide ;  and  the  di-iodide,  of  which 
there  is  no  chlorine  or  bromine  representative.  The  di-and  tri-iodid»are  prepared  by 
di^Kolving  phosphorus  and  iodine  together  in  sulphide  of  carbon,  and  cooling  the  liquid 
artificially  till  crystals  are  deposited.  Whatever  proportions  of  iodine  and  phosphorus 
may  be  used,  these  two  compounds  always  crystallise  out,  mixed  with  excess  either  of 
iodine  or  of  phosphorus. 

The  di-iodide,  PP,  melts  at  110°,  forming  a  red  liquid,  which  condenses  to  a  light 
red  solid.  It  is  soluble  in  sulphide  of  carbon,  and  is  deposited  therefrom  in  flattened 
prismatic  orange-coloured  cr^'stals.  It  is  decomposed  by  water  into  hydriodic  and 
piiosphorous  acids,  with  a  deposit  of  yellow  flakes.  With  glycerin  it  yields  tritylene- 
gas,  a  distillate  of  water,  and  iodo-tritylene  (iodide  of  allyl),  and  a  residue  of  oxygen- 
acids  of  phosphorus  together  with  free  iodine,  undecomposed  glycerin,  aud  a  trace  of 
red  phosphorus.    The  principal  part  of  the  reaction  appears  to  t^ke  place  thus: 


C«H"0« 

+ 

PP 

-    c»n»i    +    PH«o« 

Glyc«riii. 

Iodide  of              Ptio  pi;o. 
allyl.                rou«  iu:id. 

This  iodide  appears  also  to  be  formed  on  dissolving  a  small  quantity  of  iodine  in 
melted  phosphorus  and  heating  the  mixture  to  about  125^,  and  to  be  subsequently  de- 
composed, yielding  amorphous  phosphorus  (p.  604).  When  phosphorus  is  melted  in 
a  flask  filled  with  carbonic  anhydride,  iodine  projected  through  an  upright  tube  reaching 
nearly  to  the  phosphorus,  and  a  gentle  heat  applied,  violent  action  takes  place 
attended  with  development  of  intense  heat  The  product  is  a  very  hard  semi -metallic 
black  mass  of  amorphous  phosphorus,  yielding  a  red  powder.  The  first  sbtge  of  the 
rt-action  is  the  formation  of  an  iodide  of  phosphorus,  probably  the  di-iodide,  in  whifh 
the  phosphorus  exists  in  the  amorphous  modification.  This  compound  is  then  decora- 
posed,  with  separation  of  amorphous  phosphorus  and  formation  of  a  more  volatile 
iodine-product,  which  reacts  upon  a  second  portion  of  phosphorus,  reproducing  the 
firnt  decomposible  iodide,  and  so  on  continually.  In  this  manner  a  small  quantity  of 
iodine  can  convert  an  almost  indefinitely  large  quantity  of  phosphorus  into  the  amor- 
phous modification.     (Brodie,  Chem.  Soc  J.  v.  289.) 

Tri'iodide  of  Phosphorus  or  Phosphorous  Iodide,  PP,  melts  at  65^,  and 
crystallises  in  well-defined  prisms  on  cooling.  It  is  very  soluble  in  sulphide  of  carbon, 
and  is  deposited  therefrom  in  dark-red  hexagonal  plates.  It  absorbs  moisture  from 
the  atmosphere,  forming  hydriddic  and  phosphorous  acids. 
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Penta-iodide.  PP  ?  Gay-Lussac,  by  heating  1  pt.  of  phosphorus  with  20  to  24  pts.  of 
iodine,  obtained  a  black  substance  n^hich  melted  at  40^,  and  was  said  to  be  decomposed 
by  water  into  hydrochloric  and  phosphoric  acids.  This  decomposition,  and  the  pro- 
portions of  iodine  and  phosphorus  used  in  the  preparation,  would  indicate  that  the 
compound  is  a  penta-iodide,  but  it  requires  re-examination.     (Beredius'  Ijchrbuch.) 

PBOSPBOSm,  WXTBZOB  OF.  The  compound  obtained  by  saturating  tri- 
chloride of  phosphorus  with  ammonia-gas  and  heating  the  product  in  a  current  of 
carbonic  anhydride  (H.  Rosa),  or  by  passing  the  vapour  of  trichloride  or  pentachloride 
of  phosphorus  over  heated  sal-ammoniac  (Wohler  and  Liebig),  was  originally 
supposed  to  be  a  di-nitride  of  phosphorus,  PN";  but,  according  to  Gerhardt,  the 
product  obtained  by  either  of  these  processes  contains  hydrogen,  and  consists  of  phos- 
pham,  PHN«  (p.  497). 

VH08VB0AVB,  OBXBB8  ATO  OXTOBB-ACZB8  OF.  Three  anhy- 
drous oxides  of  phosphorus  are  known,  namely — 

Suboxide  of  I'hosphorus P*0 

Trioxideof  Phosphorus,  Phosphorous  Oxide,  or  Anhydride         .     VH)'  —  pwJo' 
Pentoxide  of  Phosphorus,  Phosphoric  Oxide,  or  Anhydride        .     P^O*  »   pT  [  ^• 

The  second  and  third  of  these  oxides,  which  are  analogous  in  composition  to  the 
chlorides  and  bromides,  imite  with  wjiter,  forming  phosphorous  acid,  FW.SH'O 
or  PH«0«,  and  phosphoric  acid,  P»0».3H«0  or  PH»0*.  There  is  also  another  acid 
of  phosphorus,  viz.  hypophosphorous  acid,  PH*0*,  to  which  there  is  no  corre- 
sponding anhydride.  The  protoxidia  of  phosphine,  PH"0,  is  not  known ;  but  it  is 
represented  by  the  compounds  PC1»0  and  P(C^H*)'0. 

The  three  acids  just  mentioned  all  contain  3  atoms  of  hydrocen,  having  in  fact 
the  composition  of  oxides  of  phosphine,  PH';  nevertheless  they  have  not  the 
same  basicity,  phosphoric  acid  alone  being  properly  tribasic,  that  is,  capable  of 
exchanging  all  its  three  hydrogen-atoms  for  an  equivalent  quantity  of  metal,  whereas 
phosphorous  acid  is  dibasic,  and  hypophospliorous  acid  monobasic ;  thus : 

Hj'pophosphorous  acid PH'O'  =  H  VWO* 

Phosphorous  acid PH«0*  =  H«.PHO» 

Phosphoric  acid PH"0«  «  H».PO*. 

Thei-e  are  also  certain  acids  resulting  from  the  dehydration  of  phosphoric  acid — viz., 
pyrophosphoric  acid,  H*P*0'  «  2I1*P0*  —  H-O,  metaphosphoric  acid, 
nPG*  B»  H'PO*  —  2H*0,  and  several  polymeric  modifications  of  the  latter,  which  will 
be  noticed  hereafter. 

The  relations  of  hypophosphorous,  plio9phoroiL«»,  and  phosphoric  acids  to  one  another 
and  to  phosphoretted  hydrogen  or  phosphine  are  remarkable.  Hypophosphorous  acid, 
H*P0*,  has  not  been  obtained  directly  from  phosphine ;  but,  on  the  other  hand,  it 
yields  phosphine  by  deoxidation,  as  fur  example  when  zinc  is  dissolved  in  the  aqueous 
acid,  either  alone  or  mixed  with  sulphuric  acid.  The  solution  of  hypophosphorous  acid 
when  exposed  to  the  air  is  gradually  converted  into  phosphorous  acid,  and  finally  into 
phosphoric  acid.  When  heated  by  itself,  hypophosphorous  acid  is  resolved  into 
phosphoric  acid  and  phosphine:  2H»P0«  =  H'PO*  +  H»P. 

Phosphorous  acid  results  from  the  slow  oxidation  of  phosphine.  Conversely,  when 
phosphorous  acid  is  acted  upon  by  zinc,  or  zinc  and  sulphuric  acid,  it  is  deoxidised  to 
phosphine.  Phosphorous  acid,  when  exposed  to  the  air,  takes  up  oxygen,  and  is  con- 
verted into  phosphoric  acid.  When  heated  by  itself,  it  breaks  up  into  phosphoric  acid 
and  phosphine:  4H»P0«  «  3H*P0*  +  H'P. 

Phosphoric  acid,  H'PO*,  results  from  the  combustion  of  phosphine  in  air  or  oxj-gen ; 
also  from  the  decomposition  by  heat  and  direct  oxidation  of  hypophosphorous  and 
})hc8phorous  acids.  It  is  much  more  stable  than  either  of  the  other  two  acids,  but, 
like  them,  may  be  made  to  yield  phosphine  by  deoxidation,  namely  when  treated  with 
potassium  or  sodium. 

Subosclde  of  Vhosplioriis*  P*0.  When  phosphorus  is  burnt  in  air  or  oxygen, 
a  solid  orange-coloured  matter  is  left  behind,  which  slowly  deliquesces,  forming  phos- 
phorous acid.  A  similar  substance  is  formed  in  larger  quantity  by  passing  a  current 
of  oxygen-gas  through  phosphorus  melted  under  hot  water.  This  body,  when  dried  by 
pressure  between  filter-paper  and  freed  from  phosphorus  by  treatment  with  sulphide  of 
carbon,  leaves  a  dark-red  residue- which  has  been  described  as  a  definite  oxide  of 
phosphorus,  but  is  now  generally  regai'ded  as  amorphous  phosphorus  contaminated 
with  a  little  phosphoric  acid.  Le  verrier  (Ann.  Ch.  Pharm.  xxvii.  167)  noticed  that 
when  small  pieces  of  phosphorus  covered  by  a  layer  of  trichloride  of  phosphorus  were 
exiwsed  to  the  air,  a  p^-culinr  yellow  substance,  soluble  in  water,  was  produced.     At 
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an  increased  temperature  the  solution  decomposed  into  phosphoric  acid,  and  a  floeru- 
lent  substance,  which,  when  dried  in  a  vacuum  orer  oil  of  vitriol,  left  a  canary-yellow 
powder,  the  composition  of  which  was  represented  by  the  formula  P^O.  It  could  be 
preserved  for  any  length  of  time  in  dry  air.  When  heated  it  acquired  a  bright-red 
colour,  but  was  unaffected  in  composition  by  a  temperature  of  300*^;  when  more 
strongly  heated  it  took  fire.    (See  GmtUtCa  Handbook^  ii  110.) 

Bypopliosplioroiui  Aold  iuia«  Baits. 

Htpophobphohous  Acid,  H'PO*,  is  obtained  by  decomposing  the  barium -suit 
with  an  equivalent  quantity  of  sulphuric  acid,  or  the  lead-salt  with  sulphydric  aciJ, 
and  evaporating  the  filtrate : 

Ba-PH^O*     +     H»SO*       =       2H»P0»     +     Ba-SO* 
Pb'P-H^O*     +     H-S  -       2HT0«     +     Ba'S 

It  is  a  viscid  uncryst^illisa'ble  liquid,  having  a  strong  acid  reaction.  When  heated,  it 
is  resolved  into  phosphoric  acid  and  phosphine :  2H*P0*  =»  H'PO*  +  H*P.  Its 
aqueous  nobition  is  a  colourless  mobile  liquid,  which  when  exposed  to  the  air,  in 
oxidised  to  phosphorous  and  phosphoric  acids.  It  reduces  the  salts  of  ailtfer  and  gotd, 
with  precipitation  of  the  respective  metals.  It  also  reduces  solution  of  Tnercurie  chloride 
with  precipitation  of  calomel  or  of  metallic  mercury,  according  to  the  proportion  of  acid 
used  and  the  temperature  at  which  the  reaction  takes  place.  By  zinc  and  sulphuric 
acid  it  is  deoxidised  to  phosphine,  PH',  which  is  given  off  as  gas.  Heated  with  solu- 
tion of  cupric  sulphate  to  65^ — 60°,  it  forms  a  precipitate  of  cuprous  hydride,  CuH 
(Wurtz:  see  Coppeb,  ii.  66).  This  reaction  distiiiguishes  hypophospnorous  from 
phosphorous  acid,  which  it  otherwise  much  re<iembles. 

BypopHospbites.— MPH*0*,  or  M"P*1I*0*,  according  to  the  atomicitj  of  the 
metaL  These  salts  are  prepared:  1.  By  neutralising  the  add  with  bases. — 2.  By 
boiling  phosphorus  in  alkaline  solutions ;  thus  with  lime  or  baryta-water : 

SCa'HW  +  I*  +   6H«0     «     3Ca"H*P»0*  +   2PH». 

The  hypophosphite  of  calcium  or  barium  may  be  crystallised  out  by  cautious  evapora- 
tion. When  phosphorus  is  boiled  with  an  aqueous  solution  of  potassic  hydrate  a 
similar  reaction  takes  place,  but  much  phosphate  of  potassium  is  likewise  formed ;  such 
is  not  the  case,  however,  when  an  alcoholic  solution  of  potash  is  employed.  Hypo- 
phosphites  are  also  formed,  together  with  phosphine,  by  the  action  of  water  on  the 
impure  phosphides  of  barium,  calcium,  and  strontium,  obtained  by  heating  phosphorus 
with  the  anhydrous  earths  (i.  607,  719).  The  reaction  appears  to  be  much  the  same 
as  when  a  mixture  of  lime,  «c.  and  phosphorus  is  acted  upon  by  watej. — 3.  By  double 
decomposition:  the  magnesium-salt,  for  example,  is  prepared  by  boiling  hypophoephitfl 
of  Calcium  with  oxahite  of  magnesium. 

The  hypophosphites  are  crystallisable  salts  soluble  in  water,  and  many  of  them 
also  in  alcohol.  Some  contain  water  of  crystallisation.  When  dry  they  are  permanent 
in  the  air ;  but  their  solutions  are  gradually  oxidised  on  exposure,  especially  at  the 
boiling  heat  When  boiled  in  alkaline  liquids,  they  are  decomposed  into  phosphate 
and  hydrogen :  e.  g. — 

KPH»0«  +   2KH0     -     K»PO«  +   H\ 

The  dry  salts  decompose  when  heated,  giving  off  phosphoretted  hydrogen  (hence  they 
are  very  inflammable),  and  leaving  a  residue  of  pyrophosphate :  e.  g, — 

2Ba''F»H*0*     «     2PH»   +  H«0   +   ^a*^0\ 

The  hypophosphites,  like  the  aqueous  acid,  act  as  powerful  reducing  a^nts,  espe- 
cially with  aid  of  heat  With  nitrate  of  silver  they  form  a  white  precipitate,  which 
quickly  turns  brown  and  is  converted  into  metallic  silver. 

Quantitative  Analysis  of  Hypophosphites, — The  quantity  of  phosphorus  in  a  hypo- 
phosphite  may  be  determinea  by  converting  it  into  a  phosphate  by  oxidation  with 
nitric  acid :  the  oxidation  is  not,  however,  complete  till  the  solution  has  been  evaporated 
down  nearly  to  a  syrup,  and  has  attained  a  high  temperature.  The  calcined  residue 
consists  of  a  metaphosphate,  MPO*  or  MT*0",  firom  the  weight  of  which,  if  only  one 
base  is  present,  the  amount  of  phosphorus  (or  the  equivalent  quantity  of  hypophos- 
phorous  acid,  H*PO',  if  required)  may  at  once  be  calculated.  If  more  tlian  one  base  is 
present,  the  residual  salt  must  be  analysed,  by  the  methods  hereafter  to  be  described  for 
phosphates,  and  the  quantity  of  phosphorus  therein  determined. 

If  a  hypophosphite  contains  water  of  crystallisation,  its  amount  must  be  determined 
by  comparing  the  original  weight  of  the  hypophosphite  with  that  which  corresponds 
with  the  weight  of  metaphosphate  actually  obtained;  or  the  mct^iphosphate  may  be 
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fixialysed,  he  quantities  of  acid  and  base  in  the  hypophosphite  thence  determined,  and 
the  -water  estimated  by  difference. 

As  all  hypophosphites  are  soluble  in  water,  the  bases  may  be  precipitated  from  their 
golntions  by  the  onlinary  reagents,  sulphydric  acid,  sulphide  of  ammonium,  alkalis  &c. ; 
the  hypophosphorouB  acid  may  then  be  converted  into  phosphoric  acid  by  oxidation 
with  nitric  acid,  or  better,  with  hydrochloric  acid  and  chlorate  of  potassium ;  and  the 
phosphoric  acid  precipitated  as  ammonio-magnesian  phosphate. 

The  quantity  of  phosphorus  in  an  aqueous  solution  of  hypophosphorous  acid  con- 
taining no  fixed  base,  and  no  other  acid  except  nitric  acid,  is  easily  determined  by 
adding  to  the  solution  a  known  weight  of  recently  calcined  oxide  of  lead,  then  adding 
nitric  acid,  evaporating  to  dryness,  and  calcining.  The  residue  consists  of  a  mix- 
ture of  oxide  and  phosphate  of  lead,  and  on  deducting  the  original  weight  of  lead-oxide 
added,  the  difference  gives  the  weight  of  phosphoric  anhydride  in  the  residue — whence 
the  phosphorus  may  be  calculated. 

liistly,  hypophosphorous  acid  may  be  estimated  by  its  reducing  action  on  mercuric 
chloride,  1  at  of  the  acid  precipitating  4  at.  mercurous  chloride,  according  to  the 
equation : 

H»PO«  +  4Hg"Cl*  +  2H»0     -     4HgCl  +  H«PO*  +   4HCL 

The  aqueous  solution  of  the  acid  or  of  a  hypophosphite  is  mixed  with  mercuric 
chloride  in  excess,  and  a  small  quantity  of  hydrochloric  acid,  and  gently  heated,  care 
b^ing  taken  not  to  let  the  temperature  rise  above  60^,  as  in  that  case  a  portion  of  the 
mercury  may  be  reduced  to  the  metallic  state.  The  precipitated  calomel  is  washed  on 
a  filter,  drii^  at  100^,  and  weighed.  As  the  atomic  weight  of  calomel  is  very  consider- 
able, and  as  4  at.  of  it  correspond  to  only  1  at.  of  hypophosphorous  acid  or  of  phos- 
phorus (4  X  236-r)  or  942  pts.  RgQ,  to  66  pts.  H*PO'  or  31  pte.  P.),  the  determination 
may  be  made  with  great  exactness. 

In  the  solution  filtered  from  the  precipitate  of  calomel,  the  bases  may  be  determined 
by  the  ordinaiy  methods,  and  the  phosphoric  acid  produced  by  the  oxidation  may 
also  be  precipitated  and  estimated,  as  a  verification  of  the  preceding  result. 

The  precipitation  of  gold  from  the  trichloride  by  hypophosphorous  acid  cannot  be 
employed  for  the  estimation  of  the  acid,  as  the  reduction  is  never  complete. 

Hyp ophosphite  of  Aluminiu m. — A  solut ion  of  alumin a  in  the  cold  aqueous 
acid,  evaporated  under  the  air-pump,  leaves  a  thick  gum,  which  gradually  dries  up  to  a 
shining,  gummy,  brittle  mass,  not  altered  by  exposure  to  the  air. 

Hypophoa'phiie  of  Ammonium^  (N1I')PH*0^  obtained  by  precipitating  the 
barium-salt  with  sulphate  of  ammonium,  evaporating  the  filtrate  to  dryness,  and 
exhausting  with  alcohol,  crystallises  in  large  six-sided  deliquescent  plates,  melting  at 
200°  and  decomposing  at  240°. 

Hyp  ophosphite  of  Barium,  BaT^H  •O^.H'O. — ^Plrepared :  1 .  By  warming  (not 
boiling)  phosphorus  with  excess  of  baryta-water  (p.  624),  precipitating  the  excess  of 
baiyta  with  carbonic  acid,  and  evaporating  the  filtrate  to  the  cijctallising  roint.  — 
2.  Instead  of  baryta-water,  the  ordinary  yellow  solution  of  barium-sulphide  may  be 
used.  This  when  heated  with  phosphorus,  gives  off  phosphoretted,  sulphuretted,  and 
pure  hydrogen  gases,  and  forms  a  solution  of  hypophonphite  and  sulphydrate  of  barium. 
The  latter  may  be  decomposed  by  carbonate  of  lead,  and  the  filtered  solution,  con- 
taining only  hypophosphite  of  barium,  cr}'stalliHed  by  evaporation  as  before. — 3.  The 
salt  may  also  be  prepared  by  dissolving  phosphide  of  barium  (i.  607)  in  water. 

Hypophosphite  of  barium  crystallines  on  cooling  from  a  hot  saturated  solution,  or 
when  its  aqueous  solution  is  mixed  with  alcohol  tiu  it  begins  to  show  turbidity,  usually 
in  nacreous  flexible  needles  containing  1  at  water  of  crystallisation,  which  they  give 
off  at  100°.  They  are  permanent  in  the  air,  soluble  in  3  pts.  boiling  and  36  pts.  cold 
water,  insoluble  in  alcohoL 

The  anhydrous  salt,  BaT'H^O\  remains  behind  when  the  hydrated  salt  is  heated  to 
100°,  and  separates  directly  from  a  solution  evaporated  in  vacuo  over  oil  of  vitriol ;  al»o 
when  the  solution  mixed  with  excess  of  hypopnosphorons  acid  is  evaporated  by  heat. 
It  crystallises  in  shining  square  plates  unalteraole  at  100°,  but  decomposed  at  a  strong 
heat  The  aqueous  solution  of  the  salt  heated  with  caustic  potash  quickly  gives  off 
hydrogen  and  deposits  phosphite  of  barium. 

Hypophosphite  of  Cadmium  separates  ftom  the  solution  of  cadmic  carbonate 
in  the  cold  aqueous  acid,  by  evaporation  under  the  air-pump,  in  small  indistinct 
crystals. 

Hypophosphite  of  Calcium.  Ca'PTI^O*. — Pi'epared  by  boiling  phosphorus 
with  excess  of  lime-water,  removing  the  water  as  it  evaporates,  and  purified  like  the 
barium-salt;  also  by  dissolving  phosphide  of  calcium  in  water  (p.  624).  It  forma 
colourless  transpardnt  crystals,  which,  according  to  H.  Bofle,  are  rectangular  pri83is 
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with  two  broad,  smooth,  nacreous  faces,  while  the  other  faces  are  glassj  and  less  smooth. 
According  to  Wurtz,  the  salt  crystallises  in  oblique  six-sided  prisms.  It  has  a  bitter 
taste,  is  permanent  in  the  air,  dissolves  in  6  pts.  of  cold  and  in  a  not  much  smaller 
quantity  of  hot  water,  is  insoluble  in  strong  and  but  slightly  soluble  in  we^ik  alcohol. 
The  crystals  do  not  give  off  anything  at  300°,  but  decompose  at  a  higher  tempera- 
ture, 

Hf/pophosphite  of  Chromium,  2Cr"'fl»P'0\7H«0,  or  (Cfr«0»)''H«.P*H"0».6H»0. 
is  obtained  by  decomposing  the  barium-salt  with  chromic  sulphate  and  evaporating 
the  filtrate,  as  a  dark-green,  amorphous,  fissured  mass,  which  gives  off  water  at  200^, 
and  is  then  insoluble  in  water  and  in  dilute  acids. 

Hypopkosphiie  of  Co  halt,  Co"P'H*0*.6H*0,  is  prepared  by  dissolving  recently 
precipitated  cobaltous  hydrate  in  the  aqueous  acid,  or  by  decomposing  the  bariura-snit 
with  cobaltous  sulphate,  and  crystallises  by  evaporation  in  red  efflorescent  octahedrous, 
which  give  off  their  6  at  water  of  crystallisation  at  100°,  and  are  easily  soluble  in 
water. 

When  a  solution  of  hypophosphite  of  calcium  is  heated  with  oxalate  of  cobalt  no 
complete  decomposition  takes  place  even  after  a  considemhle  time,  and  the  cobalt-hypo- 
phosphite  obtained  on  evaporating  the  filtrate  is  said  to  contain  only  3  at  water,  and 
to  be  less  efflorescent  than  the  preceding  suit 

Hypophosphite  of  Copper,  Cu"P*lI*0\ — Prepared  like  the  cobalt-salt  The 
blue  solution  ifvhen  very  dilute  undergoes  scarcely  any  decomposition,  even  when 
heated ;  when  somewhat  stronger,  it  decomposes  quickly  even  at  60^,  depositing  cuprous 
hvdride,  CuH  (Wurtz).  When  evaporated  in  a  vacuum,  it  sometimes  yields  tne  salt  in 
blue  crystals.     (Wurtz.) 

Hypophosphite  of  Glucinum. — The  solution  evaporated  in  a  vacuum  ovt-r  oil 
of  vitriol  leaves  a  thick  gum,  which  dries  up  to  a  mass  having  a  vitreous  fracture. 

Hypophosphites  of  Iron. — "The  ferrous  salt,  Fe*P*H*0*.6H*0,  is  formed,  with 
evolution  of  hydrogen,  when  metallic  iron  is  dissolved  in  the  aqueous  acid.  The 
solution  evaporated  in  a  vacuum  over  oil  of  vitriol  deposits  the  salt  in  large  green 
octahedrons,  which  give  off  their  6  at  water  at  100°.  When  moist  it  oxidises  very 
quickly  on  exposure  to  the  air. 

The  ferric  salt  is  formed  b}'  dissolving  ferric  hydrate  in  the  cold  aqueous  acid,  and 
separates  in  the  form  of  a  white  salt,  sparingly  8olu])le  in  the  free  acid.  Ferric  hy- 
drate heated  with  hypophosphorous  acid  yields  ferric  phosphate  and  ferrous  hypophos- 
phite. 

Hypophosphite  of  Lead,  Pb"P*H*0*,  is  most  easily  prepared  by  digesting  the 
aqueous  acid  with  carbonate  of  lead ;  if  oxide  of  lead  is  used,  the  acid  takes  up  an  ex- 
cess of  it,  forming  an  alkaline  solution  which  decomposes  when  evaporated,  depositing 
phosphate  of  lead  and  metallic  lead.  This  decomposition  may,  however,  be  prevented 
by  adding  a  slight  excess  of  acid;  and  the  solution,  if  then  evaporated,  deposits  the  salt 
in  small  rhombic  prisms  often  united  into  plates.  I^  is  veiry  slightly  soluble  in  cold, 
more  easily  in  hot  water,  forming  a  slightly  acid  solution  from  which  it  is  precipitated 
by  alcohol  in  nacreous  scales.  It  is  permanent  at  100°,  but  decomposes  at  a  stronger 
heat. 

The  solution  of  this  salt  easily  takes  up  an  additional  quantity  of  lead-oxide,  acquir- 
ing an  alkaline  reaction ;  it  then  decomposes  on  standing  and  more  quickly  if  heated, 
depositing  phosphite  of  lead  as  a  sandy  powder.  The  same  decomposititm  is  induced 
by  addition  of  basic  acetate  of  lead. 

The  aqueous  solution  of  the  neutral  salt  mixed  with  a  little  ammonia  deposits  a  small 
quantity  of  lead-hydrate  ;  and  the  filtrate,  which  perhaps  contains  a  double  saU,  yields 
on  boiling  a  flocciilent  precipitate  oia  basic  salt,  said  to  contain  Pb"P*H'*0*.6Pb"0.6H*0 
or  Pb''P*H*0«.6Pb''H«0*.H^0.     (H.  R  o  s  o.) 

Hypophosphite  of  Magnesium,  Mg''P*HW.6H'*0. — Prepared  by  double  de- 
composition ;  crystallises  in  large,  regular,  hard,  efflorescent  octahedrons,  easily  soluble 
in  water.     It  gives  off  5  at.  water  at  100-^,  and  the  sixth  at  180'^. 

Hypophosphite  of  Manganese,  Mn"P*H'0'.Il*0,  prepared  in  like  mnnner, 
crystallises  with  difficulty  in  rose-red  scalenohedrons,  permanent  in  the  air,  giving  off 
their  water  at  100°. 

Hypophosphite  of  Nickel,  Ni"P-IT^0*.6H*0.--Prepared  like  the  cobalt-salt; 
cnrstallises  in  green  cubes  or  octahedrons,  which  give  off  their  6  at.  water  at  100°. 
When  the  moist  crystals  are  heated  to  120^,  or  the  solution  to  100°,  partial  decompo- 
sition takes  place,  with  evolution  of  hydrogen  and  precipitation  of  met^lic  nickel. 

Hypophosphite  of  Potassium,  KPH*0*. — Prepared:  1.  By  boiling  aqueous 
or  alcoholic  potash  with  phosphorus  as  long  as  phosphoretted  hydrogen  continues  to 
escape,  then  decanting  the  solution  from  the  undissolved  phosphorus,  and  mixing  it 
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with  acid  carbonate  of  potassium,  in  order  to  conTert  the  remaining  caustic  potash  into 
carbonate.  The  solution  is  tbi^n  evaporated  and  the  residue  treated  with  hot  strong 
alcohol,  which  dissolves  the  hjphosphite  and  leaves  the  carbonate,  the  former  crystal- 
lising out  as  the  solution  cools. — 2.  By  decomposing  the  barium-salt  with  sulphate  of 
potassium,  or  the  calcium-salt  with  carbonate  of  potassium;  purified  as  above  by  treat- 
ment with  hot  alcohol. 

Hypophosphite  of  potassium  usually  forms  an  opaque  indistinctly  crystalline  mass, 
sometimes  however  exhibiting  six-sided  plates.  It  is  very  deliquescent,  more  so  than 
chloride  of  calcium,  easily  soluble  in  water  and  in  weak  spirit,  les^  soluble  in  absolute 
alcohol,  insoluble  in  ether.    It  does  not  lose  weight  or  undeigo  any  alteration  at  100°. 

Hypophosphite  of  Silver. — Nitrate  of  silver  added  to  the  solution  of  hypophos- 
phite forms  a  white  precipitate,  which  however  quickly  blackens  from  reduction  of  the 
metal. 

Hypophosphite  of  Sodium^  prepared  like  the  jHJtassium-salt,  crystallises  in 
nacreous  rectangular  tables,  somewhat  less  deliquescent  than  the  potassium-salt,  easily 
soluble  in  water  and  in  alcohol. 

Ht/p  ophosphite  of  Strontium.  Sr*P*H*0*. — Prepared  like  the  barium-salt  with 
hydrate  or  sulphide  of  strontium.  The  sohition  when  eva  jxjrsited  yields  the  salt  in  warty 
crystals,  which  are  easily  soluble  in  water,  insoluble  in  alcohol,  permanent  in  the  air, 
and  do  not  lose  weight  at  100^. 

Hypophosphite  of  Zinc.  Zn"PH*0<.H'0,  or  with  6H«0.— Obtained  by  dissolving 
zinc  or  zinc-oxide  in  the  aqueous  acid,  or  bv  decomposing  the  barium-salt  with  zinc- 
sulphate.  By  evaporating  the  solution  it  is  obtained,  sometimes  in  regular  octahedrona 
containing  6  at.  water,  very  efflorescent,  and  losing  water  even  when  pressed  between 
paper,  sometimes  in  rhombohedral  crystals  containing  1  at.  water,  which  are  permanent 
m  the  air.  The  octahedral  salt  is  mostly  formed  by  spontaneous  evaporation  of  a  not 
ton  concentrated  solution;  it  gives  off  its  6  at.  water  at  100°.  The  salt  is  easily  soluble 
in  water. 

pliosplioroiis  Ozlde,  Aoid,  and  Salts. 

TaioxiDE  OF  Phosphoexjs,  Phosphorotts  Oxidb  or  Akhtdbids,  P*0*. 

The  only  reaction  which  yields  this  coroponnd  is  the  slow  combustion  of  phosphorus 

in  dry  air  or  oxygen.  When  phosphorus  is  exposed  at  ordinary  temperatures  to  diy 
air  or  rarefied  oxygen,  it  glows  and  becomes  coated  with  trioxide;  but  the  reaction  is 
Tery  imperfect.  The  ordinary  combustion  of  phosphorus  in  air  produces  both  phos- 
phorus and  phosphoric  oxides,  together  with  some  suboxide,  or  perhaps  amorphous 
phosphorus  (p.  623).  The  best  mode  of  prepai-ing  the  trioxide  is  to  bum  phosphorus 
in  a  very  slow  current  of  perfectly  dry  air ;  the  trioxide  then  condenses  beyond  the 
phosphorus  as  a  bulky  amorphous  sublimate. 

Phosphorous  oxide Vorms  large  white  flakes  readily  volatile,  and  emitting  an  alliaceous 
odour.  When  quite  dry  it  does  not  redden  litmus- paper.  It  ab«-orl)«  ntino«^ph.rj^« 
moisture  with  avidity,  and  when  sprinkled  with  water  dissolves  rapidly  with  a  hi&siug 
noise,  producing  pho'sphorous  acid,  PO*   +    SII'O     «     2HP0'. 


^1 
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Phosphobous  Acid,  H*P0"  «  P"  f  O*.— This  acid  is  produced :  1.  By  the  action 

of  water  on  the  anhydride. — 2.  By  the  slow  oxidisation  of  phosphine,  this  gas  when  left 
over  well-aerated  water  being  gradually  absorbed,  with  formation  of  phosphorous  acid; 
again  2  volumes  of  phosphine  unite  quietly  with  3  volumes  of  oxygen,  when  the  explosion 
of  the  gases  is  prevented  by  cooling. — 3.  By  exposing  sticks  of  phosphorus  to  moist  air, 
phosphoric  acia  being  produced  at  the  same  time.    (See  Phosphatzc  Acid,  p.  499.) 

4.  By  the  action  of  phosphorus  on  sulphate  of  copper.  When  phosphorus  is  introduced 
into  a  solution  of  this  salt  (kept  saturated  by  the  immersion  of  crystals),  and  left  to 
act  at  the  ordinary  temperature  and  with  the  least  possible  access  of  air,  copper  is  first 
reduced  and  then  converted  into  black  phosphide  of  copper,  and  a  very  acia  solution  is 
ultimately  obtained,  containing  nothing  but  phosphorous  and  sulphuric  acids,  the  latter 
of  which  may  be  removed  by  cautious  addition  of  lime  or  baryta.  (Schi  ff,  Ann.  Ch. 
Pharra.  cxiv.  200.) 

6.  By  the  action  of  water  on  trichloride  of  phosphorus :  3H'0  +  PCI"  -  H*PO» 
+  3TIC1.  A  mrrent  of  washed  chlorine  is  slowly  passed  through  a  layer  of  melted 
phosphorus  three  or  four  inches  deep,  covered  by  six  or  eight  inches  of  water,  so  that 
each  bubble  of  gas  may  be  completely  absorbed  by  the  phosphorus.  The  trichloride 
thereby  produced  is  immediately  decompo^ed  by  contact  with  the  water.  The  hydro- 
chloric acid  produced  in  the  reaction  is  expelled  by  evaporation.  Great  care  must  be 
taken  to  avoid  excess  of  chlorine,  as  that  would  give  rise  to  the  formation  of  phosphoric 
acid. 
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6.  Bj  the  action  of  trichloride  of  phosphoras  on  oxalic  acid :  1  at  of  the  trichloride 
ifl  poured  upon  8  at  crystallised  oxalic  acid,  contained  in  a  retort  having  its  neck 
directed  upwards  or  provided  with  a  condensing- tube,  so  that  the  trichloride  which 
volatilises  may  flow  back  again.  Violent  action  immediately  takes  place,  accompanitHl 
by  evolution  of  carbonic  anhydride,  carbonic  oxide,  and  hydrochloric  acid ;  as  soon  as 
it  is  over,  the  retort  is  to  be  gently  warmed  while  a  stream  of  dry  carbonic  anhydride 
is  passed  through  it  The  mass,  which  froths  at  first,  gradually  settles  down  into  a 
clear  liquid,  wmch  solidifies  to  a  radiate  mass  of  phosphorous  add  having  a  slight  grey 
colour.    (Hurtzigand  Geuther,  Ann.  Ch.  Pharm.  cxi.  159.) 

Properties  and  Reactions. — ^Phosphorous  acid  usually  exists  in  the  form  of  a  thick 
nncrystallisable  syrup,  but  may  be  obtained  in  the  crystalline  state  either  by  the  pro- 
cess last  described,  or  by  cooling  a  somewhat  concentrated  aqueous  solution.  The 
crystals,  which  contain  H'PO^  melt  at  74°.  The  acid  in  both  states  is  deliquescent. 
When  heated  it  is  resolved  into  phosphoric  acid  and  phosphine :  4H'PO*  => 
3H'P0*  +  PH*;  hence  when  heated  in  the  air,  it  undergoes  vivid  combustion. 
According  to  Hurtzig  and  Geuther,  the  crystalline  acid,  when  slowly  heated,  gives  ofiT 
non-spontaneously  inflammable  phosphine,  producing  white  fumes. 

The  aqueous  solution  of  phosphorous  acid  is  a  strongly  acid  liquid  which  oxidises  to 
phosphoric  acid  on  exposure  to  the  air.  It  is  a  powerful  reducing  agent  decomposing 
the  salts  of  silver^  mercurif,  and  gold  in  the  same  manner  as  hypophosphorous  acid ; 
the  reduction  is  much  facilitated  oy  saturating  the  acid  with  ammonia.  When  heated 
with  8ulphuroti8  acid,  it  yields  phosphoric  and  sulphydric  acids : 

8H«P0*  +   ffSO*     =     3H«P0*  +  H«a 

If  the  sulphurous  acid  is  in  excess,  the  sulphydric  acid  is  decomposed  and  sulphur 
separated.  If  the  phosphorous  acid  contains  any  arsenic,  that  metal  is  entirely  preci- 
pitated as  sulphide.  Arsenic  acid  is  reduced  by  phosphorous  acid  to  arsenious  acid, 
which,  if  the  materials  are  dry,  is  reduced,  by  fusion  with  excess  of  phosphorous  acid, 
to  a  dark-brown  powder  of  metallic  arsenic.  Aqueous  phosphorous  acid  dissolves  cine 
and  iron  with  evolution  of  phosphine ;  it  likewise  gives  off  that  gas  when  treated 
with  zinc  and  sulphuric  acid. 

Vbospliites.— Of  the  three  hydrognn-atoms  contained  in  phosphorous  acid,  only 
two  appear  to  be  replaceable  by  metals,  the  acid  being  in  fact  dibasic,  and  forming  two 
series  of  metallic  salti? — viz.,  neitiralphosphi^^s,  M*PHO'orM"PHO',  and  acid  phosphits^ 
MHPHO»  or  ]krfl«P«H»0«  -  M"PHO».PH»0»,  according  to  the  atomicity  of  the  metal. 
The  third  hydrogen-atom  of  phosphorous  acid  is  more  easily  replaceable  by  alcohol- 
radicles,  producing  alcoholic  phosphorous  acids  (f.^.,  ethyl-phosphorous  acid,  H*.PC*1I*0'), 
still  containing  two  atoms  of  typic  hydrogen,  which  may  be  replaced  either  by  metals 
or  by  alcohol-radicles.  In  the  latter  case  phosphites  or  phosphorous  ethers  are  formed, 
containing  3  atoms  of  alcohol-radicle  (p.  533),  whence  the  acid  has  by  some  chemists 
been  reguded  as  tribasic ;  but  the  view  above  given  accords  best  witli  ita  relations  to 
metallic  bases,  and  with  the  position  which  it  occupies  Wtween  monobasic  hypophos- 
phorous acid  and  tribasic  phosphoric  acid  (p.  623).  Moreover,  in  the  tri-alcohulic 
phosphites,  P(C-H*)"0*,  for  example,  2  atoms  of  the  alcohol-radicle  may  be  replaced  by 
metals — for  example  by  K*  or  Ba;  but  the  third  atom  is  not  thus  replaceable  (p.  533). 

The  metallic  phosphites  are  obtained  sometimes  by  acting  on  the  acid  with 
bases,  sometimes  by  double  decomposition.  They  are  more  stable  than  the  hypophos- 
phites,  but  are  all  decomposed  by  heat  Those  which  contain  water  of  crystallisation 
give  off  hydrogen  and  leave  pyrophosphates :  thus — 

2BaTH0«.H«0       =      tfa«I»0'     +     2H«; 

but  anhydrous  neutral  phosphites,  which  do  not  cont^iin  sufficient  hydrogen  and  oxygen 
for  this  mode  of  decomposition,  likewise  give  off  phosphorett«d  hydrogen  and  leave  a 
more  basic  phosphate:  e.g. — 

SPb'HPO"      =      Pb''0.2Pb«P«0^     -I-     PH»     +     H«. 

The  neutral  phosphites,  excepting  those  of  the  alkali-metals,  are  but  sparingly  solu- 
ble in  water,  and  the  lead-salt  is  almost  insoluble  ;  the  acid  phospliites,  however,  are 
soluble.  With  the  chlorides  of  barium  and  calcium,  solutions  of  the  alkaline  phosphites 
form  white  precipitates,  soluble  in  acetic  and  in  phosphorous  acid — with  acetate  of  Uad 
a  white  precipitate,  insoluble  in  scetic  acid.  Solutions  of  phosphites,  unless  very  eon- 
centratea,  do  not  precipitate  the  solution  of  a  magnesium-salt  in  aqueous  ammonia  and 
sal-ammoniac. 

The  solutions  of  phosphitea  undergo  but  little  alteration  when  exposed  to  the  air  at 
ordinary  temperatures,  and  are  not  decomposed  by  boiling  with  caustic  alkalis.  They 
reduce  solutions  ofaold,  silvtr,  and  mercury  in  the  same  manner  as  the  aqueous  acid. 

The  methods  to  be  adopted  for  the  quantitative  analysis  of  phosphites  are 
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exactly  the  same  as  those  already  described  for  the  h  jpophosphites  (p.  524).  Neutral 
phoephites  oxidised  by  nitric  acid,  or  bj  hydrochloric  acid  and  chlorate  of  potassium, 
are  transformed  into  pyrophosphates : 

2M«HP0«     +     0»      -      M^P«0'     +     H»0. 

Those  phosphites  which  are  insoluble  or  sparingly  soluble  in  water,  may  be  dissolved 
in  hydrochloric  acid,  and  the  bases  precipitated  from  them  by  the  usual  reagents. 

Phosphite  of  Aluminium. — ^A  saturated  solution  of  alum  mixed  with  a  strong 
solution  of  ammonium-phosphite  forms  a  precipitate  which  disappears  at  first,  becomes 
permanent  on  further  addition  of  ammonia,  but  does  not  separate  completely  till  the 
liquid  is  boiled.  It  forms  a  white  powder  when  diy,  and  decomposes  without  incan- 
descence when  heated. 

Phosphite  of  Ammonium,  (NH*)«PH0«.H20.— Phosphorous  acid  saturated  with 
ammonia,  and  evaporated  over  sulphuric  acid  in  rarefied  air,  yields  this  salt  in  large 
deliquescent  prisms,  soluble  in  2  pts.  of  cold  and  in  a  smaller  quantity  of  boiling  water. 
In  vacuo,  at  ordinary  temperatures,  the  ciystals  give  off  a  small  quantity  of  ammonia, 
and  turn  acid;  at  100^  tney  give  off  1  at.  water,  also  with  a  little  ammonia;  and  at 
higher  temperatures  a  larger  quantity  of  ammonia,  leaving  almost  pure  phosphorous  acid, 
which  decomposes  when  more  strongly  heated.  The  aqueous  solution  when  evaporated 
by  heat  also  gives  off  ammonia  and  turns  acid. 

Phosphites  of  Barium.— The  neutral  salt,  Ba'^PHO',  is  deposited  after  a  few 
days  ftovx  a  solution  of  an  alkaline  phosphite  mixed  with  chloride  of  barium,  as  a  ciys- 
taJiine  crust  containing  \  at.  water  (2Ba"PH0'.H'0).  It  is  but  sparingly  soluble  in 
cold  water,  and  is  decomposed  by  boiling  with  water  into  an  insoluble  basic  and  a  solu- 
ble acid  salt.  It  is  slightly  efflorescent,  and  gives  off  its  water  of  crystallisation 
between  160^  and  200^. 

The  aeid  salt,  Ba''H*P*H*0«.H*0,  is  obtained  by  digesting  the  neutral  salt  with  a 
quantity  of  phosphorous  acid  not  quite  sufficient  to  dissolve  it,  or  bv  adding  baiyta  or 
carbonute  of  barium  to  phosphorous  acid  as  long  as  it  continues  to  dissolve,  and  evapo- 
rating the  filtrate  to  a  syrup  at  a  gentle  heat  On  leaving  this  liquid  in  vacuo  over  oil 
of  vitriol,  the  add  salt  is  deposited  in  warty  ci^'stals.  It  is  soluble  in  water  but 
insoluble  in  alcohol.  The  aqueous  solution  decomposes  when  boiled,  the  neutral  salt 
separating,  and  a  more  acid  salt,  not  yet  examined,  remaining  in  solution.  The  salt 
gives  off  1  at.  water  at  100^. 

Phosphite  of  Bismuth,  obtained  by  double  decomposition,  is  a  white  precipitate 
which  when  ignited  after  drying  gives  off  pure  hydrogen. 

Phosphite  of  Cadmium. — ^White  precipitate,  which  gives  off  hvdrogen  when 
distilled,  and  leaves  a  residue  containing  a  small  quantity  of  metallic  cadmium. 

Phosphites  of  Calcium. — The  neutral  salt,  Oa^PHO*  H'O,  separates  after  a  while 
from  a  solution  of  the  ammonium-salt  mixed  with  chloride  of  calcium,  as  a  crystalline 
crust  sparingly  soluble  in  cold  water.  The  solution  decomposes  when  heated,  depositing 

a  basic  salt  (?  tricaleic  phospliite,  Ca'P'O'),  while  an  acid  salt  remains  dissolved.  The 
neutral  salt  gives  off  its  watt*r  at  100°. 

The  acid  salt,  Ca'^P*H-0*  H*0,  is  obtained,  by  acting  upon  marble  with  aqueous 
phosphorous  acid,  as  long  as  carbonic  anhydride  continues  to  escape,  as  a  crystalline 
crust  made  up  of  needle-shaped  crystals.  It  is  moluble  in  water,  and  the  solution 
mixed  with  alcohol  deposits  the  neutral  salt,  while  a  very  acid  salt  remains  dissolved. 
The  crystals  give  off  their  water  at  100°. 

Phosphite  of  Chromium  is  precipitated  on  mixing  chromic  chloride  with  an 
alkaline  phosphite,  but  does  not  separate  completely  till  the  liquid  is  heated.  When 
dry  it  is  a  loose  grey  powder,  which  is  decomposed  oy  heat,  with  evolution  of  pure  hy- 
drogen. 

Phosphite  of  Cobalt  is  also  obtained  by  precipitation,  and  separates  completely 
only  when  the  liquid  is  heated.  In  the  dry  state  it  is  a  pale-red  powder,  which  when 
heated  first  turns  violet,  then  black,  and  afterwards  decomposes  with  incandescence  and 
evolution  of  hydrogen. 

Phosphite  of  Copper,  Cu"PH0*.2H«0.— Obtained  in  the  pure  state,  as  a  blue 
granule  crystalline  precipitate,  on  mixing  a  solution  of  cupric  acetate  with  aqueous 
phosphorous  acid ;  less  pure,  as  a  bluish-white  flocculent  precipitate,  by  treating  cupric 
sulphate  with  an  alkaline  phosphite.  It  gives  off  water  when  gently  heated,  and  at  a 
higner  temperature  evolves  hydrogen,  and  leaves  cupric  phosphate  mixed  with  metallic 
copper.  A  solution  of  cupric  phosphite  in  aqueous  phosphorous  acid  ahio  decomposes 
when  heated,  with  separation  of  metallic  copper. 

Phosphite  of  Glueinum  is  a  gummy  precipitate,  white  and  pulverulent  when 
Vol.  IV:  MM 
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dry,  insoluble  in  irater,  deoomposmg  when  heated,  with  incandesoenoe  and  evolution  of 
pure  B jdrogen. 

Phosjphites  of  Iron, — The  ferrous  salt  is  a  white  precipitate,  which  in  the  moist 
state  oxidises  quiddy  in  the  sir,  turning  first  green  and  then  brown.  YHien  heated  it 
gives  off  pure  hydrogen. 

Ferric  salt — ^Neutral  ferric  salts  are  completely  precipitated  by  alkaline  phosphites 
only  after  long  standing  or  with  the  aid  of  heat.  The  dried  precipitate  is  white  and 
pulverulent ;  it  glows  when  heated,  giving  off  hydrogen  mixed  with  a  little  phospho- 
retted  hydrogen. 

Phosphites  of  Lead. — The  mtitrai  saltf  PVPHO',  is  obtained  by  piecipitating 
neutral  acetate  of  lead  with  phosphorous  acid  or  phosphite  of  ammonium.  It  is  a  white 
precipitate  nearly  insoluble  in  water,  and  dissolving  but  sparingly  in  aqueous  phos- 
phorous acid,  much  more  easily  in  nitric  acid,  which  does  not  oxidise  it  in  the  cold;  it 
IS  easily  oxidised,  however,  when  heated  with  nitric  or  sulphuric  acid.  It  does  not  give 
off  any  water  at  100^,  but  decomposes  at  higher  temperatures,  with  evolution  of 
hydrogen  and  phosphoretted  hydrogen,  and  leaves  a  phosphate  of  lead  (p.  528)  mixed 
with  a  little  phosphide. 

A  compound  of  this  salt  with  chloride  of  lead  is  precipitated  on  nuxing  a  boiling 
solution  of  chloride  of  lead  with  pure  phosphite  of  ammonium,  or  with  tridiloride  of 
phosphorus  which  has  been  decomposed  by  water  and  then  neutralised  with  ammonia. 
Bv  continued  washing  with  boiling  water  however,  this  double  salt  is  decomposed,  the 
whole  of  the  chloride  of  lead  being  removed,  and  pure  phosphite  remaining  behind. 

A  basic  phosphite  of  lead,  2(Pb"0.Pb''PH0*).H<0,  is  formed  on  digesting  the  recently 
precipitated  neutral  salt  with  ammonia  in  a  flask,  and  afterwards  washing  it  with 
alcohol  (H.  Bose).  Another  basic  salt,  Pb''0.2Pb'TH0",  is  formed  by  precipitating 
basic  acetate  of  lead  with  phosphite  of  ammonium. 

Phosphite  of  Magnesium  is  obtained  by  digesting  the  aqueous  acid  with  basic 
carbonate  of  magnesium,  and  evaporating  the  filtrate  under  an  exhausted  receiver,  as  a 
eiystalline  crust  sparingly  soluble  in  water.  When  heated  it  gives  off  water  of 
crystallisation,  and  at  a  higher  temperature  decomposes  with  vivid  incandescence. 

Phosphite  of  magnesium  forms  a  sparingly  soluble  double  salt  with  phosphite  of 
ammonium — ^much  more  soluble,  however,  than  the  corresponding  phosphate. 

Phosphite  of  Manganese^  2Mn'TH0'.H'0,  obtained  by  adding  an  alkaline 
phosphite  to  the  solution  of  a  manganous  salt  till  none  of  the  latter  remains  in  excess, 
IS  a  reddish-white  precipitate  which  is  not  quite  insoluble  in  water,  gives  off  its  water 
of  crystallisation  in  d^ng,  and  decomposes  at  a  stronger  heat,  with  vivid  incan- 
descence, and  evolution  of  hydrogen  and  phosphoretted  hydrogen. 

Phosphites  of  Potassium, — The  neutral  salt,  K'^HPO',  is  obtained  by  saturating 
the  aqueous  acid  with  potash,  and  evaporating  under  the  air-pump,  as  a  syrupy  mass 
in  which  crystals  form  after  some  time  only.  It  is  deliquescent,  easily  soluble  in 
water,  insoluble  in  alcohol. 

An  acid  phosphite  of  potassium,  K^H'PO*  -  K«PH0».2PH»0»,  is  produced  by 
exactly  neutralising  1  pt.  of  aqueous  phosphorous  acid  with  hydrate  or  carbonate  of  po- 
tassium, then  adding  2  pts.  of  the  same  acid,  and  evaporating  in  vacuo.  The  liquid  then 
solidifies  completely  to  a  mass  of  laminar  crystals,  unctuous  to  the  touch,  having  a 
strongly  acid  taste,  and  very  soluble  in  water.  The  salt  does  not  lose  weight  at  200°, 
but  decomposes  at  250°,  with  evolution  of  hydrogen  and  phosphoretted  hydrogen. 

An  acid  potassium-salt  analogous  to  the  other  acid  phosphites  has  not  yet  been 
obtained.  A  solution  of  the  neutral  salt  mixed  with  as  much  phosphorous  acid  as  it 
already  contains^  and  evaporated  in  a  vacuum,  yields  after  some  time  a  crystalline  crust 
of  the  acid  salt  just  described,  the  syrupy  mouier-liquor  retaining  nothing  but  neutral 
salt 

Phosphites  of  8odium.--ThG  neutral  salt,  Na«PH0».5H«0,  is  obtained  by 
neutralising  the  aqueous  acid  with  soda  and  evaporating  in  a  vacuum,  as  a  thick  syrup, 
which  after  some  time  solidifies  to  a  crystalline  mass.  According  to  Dulong,  the 
individual  crystals  are  rhombohedrons,  approaching  very  nearly  to  cubes.  They  are 
easily  soluble  in  water  and  in  alcohol,  hygroscopic,  and  deliquesce  quickly  on  exposure 
to  the  air,  but  efiioresce  in  vacuo  over  oil  of  vitriol,  and  give  off  all  their  water  of  crys- 
tallisation at  100°. 

The  acid  salt,  2Na'H'P*0'.H^0,  is  analogous  in  composition  to  the  acid  potassium- 
salt  (excepting  that  it  contains  water  of  crystallisation),  and  is  obtained  in  a  similar 
manner.  The  solution  crystallises  completely  by  evaporation  in  vacuo,  yielding  shining 
prisms  very  soluble  in  water,  permanent  in  dry  air,  but  quicklv  deliquescing  in  air  of 
the  ordinary  degree  of  humidity.  The  salt  gives  off  its  water  of  crystallisation  at  200°, 
and  decomposes  at  25.0°,  evolving  a  large  quantity  of  phosphoretted  hydrogen. 
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Phosphite  0/  Strontium,  2Sr*PH0*.H*0,  is  prepared  by  saturAting  phos- 
phorous acid  ■with  carbonate  of  strontium  and  evaporating.  A  solution  of  chloride  of 
strontium  mixed  with  phosphite  of  ammonium  yields  a  scanty  precipitate,  which  in- 
creases on  evaporating  the  liquid.  Phosphite  of  strontium  is  spanngly  soluble  in  water, 
and  is  decomposed  by  boiling  with  water  into  a  soluble  acid  salt  and  an  insoluble 
nacreous  basic  salt.     The  dj^  salt  is  decomposed  by  heat,  with  evolution  of  hydrogen. 

Phosphites  of  Tin The  stannotu  salt,  SnTHO*,  is  prepared  by  precipitating 

stannous  chloride  with  aqueous  phosphorous  acid,  and  thoroughly  washing  the  precipi- 
tate with  water.  It  is  white,  insoluble  in  water,  but  soluble  in  hydrochloric  acid, 
forming  a  solution  which  is  an  extremely  powerful  reducing  agent  The  dry  salt  do- 
composes  with  intumescence  when  heated,  giving  off  phosphoretted  hydrogen,  and 
leaving  a  black  residue. 

The  stannic  salt  is  obtained  by  mixing  aqueous  stannic  chloride  with  an  alkaline 
phosphite,  as  a  white  precipitate  which  dries  up  to  a  vitreous  brittle  mass.  When 
strongly  heated  it  gives  o£^  not  hydrogen  but  water,  leaving  a  stannous  salt  soluble  in 
hydrochloric  acid. 

Phosphite  of  Titanium, — A  solution  of  titanic  chloride  yields  with  phosphite 
of  ammonium  a  white  precipitate,  which  when  ignited  gives  off  hvdrcgen  and  phospho- 
retted hydrogen,  and  leaves  a  black  residue  containing  phosphoric  and  titanic  oxides. 

Phosphite  of  Zinc,  2Zn''PHO'.5H*0. — ^Alkaline  phosphites  precipitate  sulphate 
of  zinc  imperfectly  in  the  cold,  eoinpletely  when  heated.  The  white  precipitate  is 
sparingly  soluble  in  water,  gives  off  its  water  in  drying,  and  when  more  strongly 
heated  gives  off  hydrogen,  mixed  towards  the  end  with  phosphoretted  hydrogen. 

Aleobolio  VHoflpliltos.  Fbosplioroiui  Btliers.  Phosphorous  acid,  though 
dibasic  acid,  is  capable,  as  already  observed,  of  forming  ethers  in  which  1,  2,  or  3 
atoms  of  hydrogen  are  replaced  by  alcohol-radicles.  If  one  of  the  three  hydrogen- 
atoms  be  regarded  as  alcoholie(ii.  915),  and  the  other  two  as  basylous,  these  ethers  may 
be  represented  by  the  following  ibrmulsB^  in  which  E  denotes  a  monatomic  alcohol 
radicle: 

R  ) 
Hono-alooholic  phosphorous  ethers     H*.PRO'     «     F^lO" 

^  ) 
Di-alcoholie  phosphorous  ethers  RH.PKO"    »     F"  VO* 

HR) 

R  ) 

Tri-alcoholic  phosphorous  ethers         R'.PRO"     «-     F^vO* 

R*) 

Those  which  contain  1  or  2  atoms  of  aloohol-radide  are  acid  ethers  capable  of  forming 

metallic  salts ;  those  which  contain  3  atoms  of  alcohol-radicle  are  neutral.    The  acid 

ethers  are  produced  by  the  action  of  trichloride  of  phosphorus  on  the  corresponding 

hydrated  alcohols ;  the  neutral  ethers  by  the  action  of  trichloride  of  phosphorus  on  tiie 

corresponding  sodium-alcohols. 

There  might  also  be  mono-  and  di-alcoholic  phosphites,  constituted  according  to  the 
formula  HR.PHO*  and  R«  PHO». 

Amtlic  PnoBYUit^B.-'Amylphosphorous  aoid,  C*H"P0"=H«.POH"0*. 
(Wurtz,  Ann.  Gh.  Phys.  [3]  xvi  227;  Ann.  Gh.  Pharm.  Iviii.  76.)— This  and  the 
following  compound  are  produced  by  the  action  of  trichloride  of  phosphorus  on  amylic 
aleohoL  One  voL  trichloride  of  phosphorus  is  slowly  dropped  into  1  vol.  amylic  alcohol, 
and  a  small  quantity  of  water  very  slowly  added,  the  vessel  being  well  cooled.  After  all 
the  excess  of  chloride  of  phosphorus  has  been  decomposed  by  the  water,  the  mixture  is 
shaken  up  with  an  equal  volume  of  water ;  the  oily  mixture  of  amylphosphorous  add 
and  amylic  amylphosphite,  which  rises  to  the  surface  on  leavine  the  liqud  at  rest,  is 
decanted  and  freed  fiom  hydrochloric  acid  by  repeated  washing  wiui  water ;  and  the  amyl 
phosphorous  acid  is  extracted  by  a  weak  solut  on  of  sodic  carbonate  (a  strong  solution 
would  likewise  dissolve  the  amylic  amylphosphite).  The  alkaline  solution  is  then  sepa- 
rated mechanically  from  the  amylic  amylphosphite  which  floats  on  the  surface ;  the  portion 
which  still  remains  dissolved  therein  is  separated  by  agitation  with  common  ether;  and  the 
alkaline  solution  is  supersaturated  with  hydrocliloric  acid,  whereby  the  amylphosphorous 
acid  is  separated,  with  strong  turbidity,  and  at  first  rises  to  the  surface  in  the  form  of  an 
oil,  in  consequence  of  containing  ether,  but  sinks  to  the  bottom  after  the  ether  is  evapo- 
rated. Lastlv,  to  free  this  oil  from  chloride  of  sodium,  it  is  dissolved  in  water,  repre- 
cipitated  by  hydrochloric  acid,  gently  heated  after  the  hydrochloric  acid  has  been 
decanted,  and  placed  in  a  vacuum,  to  remove  the  water  and  hydrochloric  acid. 

Amylf^osphorous  acid  is  an  oil  which  sinks  in  water;  it  is  nearly  inodorous  in  the 
fresh  state^  but  strongly  acid ;  dissolves  readily  in  water,  and  is  precipitated  therefirom 
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by  hydrochloric  acid.  It  yields  by  dry  distillation  a  huge  quantity  of  oombnstible  gas, 
and  a  small  quantify  of  Uquid  distillate,  leaving  phosphorous  acid,  which  when  more 
strongly  heated,  gives  off  phosphoretted  hydrogen  gas.  It  boms  with  a  very  smoky 
flame,  leaving  phoephorons  aad.  It  reduces  silver-folta.  After  being  kept  for  some 
time  it  no  longer  dissolves  completely  in  water,  and  the  solution  ouiddy  decomposes 
into  amylic  alcohol  and  phosphorous  acid.  The  acid,  separated  by  hyorochloric  acid  from 
the  sodium-salt  whieh  has  been  kept  for  some  time,  likewise  exhibits  this  behaviour. 
This  change  of  properties  is  perhaps  due  to  the  conversion  of  the  amylphosphorous 
acid,  H«.PC*H»'0«,  into  numamylicphosphite,  C»H».H.PHO". 

Amylphosphorous  acid  decomposes  alkaline  carbonates  with  effervescence;  its  salts 
decompose  readily.  The  potaaHum'  and  sodiumsalta  can  only  be  obtained  in  the  gela- 
tinous state.  The  barium-salt  dries  up  in  vacuo  to  a  soft  deliquescent  mass.  TIm 
lead-salt  is  a  white  curdy  precipitate,  which  decomposes  even  in  the  dry  state,  and 
quickly  when  moisty  giving  off  an  odour  of  fusel-oil. 

$.  Monamylio  Amylphosphite,  C'»H«PO"  =  H.C*H».PC»H"0»  (Wurtz, 
loc.  cit.) — Obtained  as  above,  and  freed  f^m  amylphosphorous  acid  by  washing  with 
dilute  sodic  carbonate  till  the  residue  no  longer  reddens  litmus;  it  is  then  washed  witii 
water,  and  heated  several  times  in  vacuo  to  80^ — 100°  to  drive  off  water  and  amylic 
chloride.  Should  the  product  be  coloured,  in  consequence  of  the  temperature  during 
the  reaction  having  been  allowed  to  rise  too  high,  it  must  be  redifled  in  vacuo;  but 
this  process  is  always  attended  with  a  certain  amount  of  decomposition. 

Amylic  amylphosphite  is  a  colourless  or  pale-yellow  oil,  of  specific  gravitr  0'067  at 
19°.  It  boils  only  at  a  high  temperature,  and  with  some  decomposition ;  smeUs  slightly 
of  amylic  alcohol,  and  has  a  very  pungent  disagreeable  taste. 

When  passed  in  the  state  of  vapour  through  a  red-hot  tube,  it  yields  gases,  among 
which  phosphoretted  hydrogen  occurs.  It  may  be  set  on  fire  by  a  flaming  body  when 
strongly  heated ;  paper  sotted  in  it  bums  when  set  on  fire,  with  a  white  phosphoms 
flame.  It  absorbs  chlorine  gas^  with  rise  of  temperature  and  evolution  of  hydrochloric 
acid ;  in  the  dark  at  0°  there  is  formed  hereby  a  product  containing  1  at.  chlorine ;  but 
under  the  influence  of  heat  and  light,  products  very  rich  in  chlorine  are  formed ;  tiiese 
bodies  are  colourless  and  viscid,  and  decompose  after  a  while,  with  evolution  ofhydrochlorio 
acid.  Nitric  add  acts  violentljr  on  amylic  amylphosphite,  yellow  oily  drops  passing  over, 
and  a  strong  odour  of  valerianic  acid  being  evolved.  When  it  is  boiled  witn  solution  of 
nitrate  of  sUver,  there  is  formed,  with  a  certain  amount  of  reduction,  a  black  magma 
containing  phosphate  of  silver.  When  exposed  to  moist  air  or  kept  in  loosely  closed 
vessels,  it  gradually  turns  acid.  By  boiling  aqueous  alkalis^  it  is  quickly  resolved  into 
amylic  alcohol,  which  passes  over,  and  a  residue  of  alkaline  phosphite. 

Diamylio  Amylphosphite,  C»H"PO»  «  (C*H")«PC»H>'0«.  (Railton,  Chem. 
Soc  Qu.  J.  vii  218.)-— Produced  by  the  action  of  trichloride  of  phosphorus  on  amylate 
of  sodium,  the  preparation  being  conducted  in  the  same  manner  as  for  the  oorresponding 
ethyl-compound  (p.  633) : 

8C»H"NaO  +  Pa«     -     C»*H^O«  +   3NaCL 

It  is  an  oily  neutral  liquid,  having  a  very  offensive  odour,  and  decomposing  more  easily 
than  dietfaylic  ethylphosphite.  It  boils  in  hydrogen  at  236°,  is  insoluble  in  water, 
soluble  in  alcohol  and  in  ether. 

Ethtlio      Peosphitbs.  — £fA^^pAo«i}Aorot<«     acid,     C*HTO«        = 

C«H») 
H«J>C«H»0«      -         P^^O*.    (Wurtz,  Ann.  Ch.  Phys.  [3]  xvL  218.)— Produced 

H») 
by  the  action  of  tnchloride  of  phosphorus  on  hydrated  alcohol : 


2HC1. 


^[hpJ     +    h«o     +    pa«     -      P*  V0«    +    C«H»C1    4 

Trichloride  of  phosphorus  is  added  drop  by  drop  to  the  alcohol,  in  a  vessel  kept  con- 
tinually cold  from  without ;  and  the  mixture  is  evaporated  at  a  gentle  heat,  to  drive  off 
the  chloride  of  ethyl  and  hydrochloric  acid,  first  in  the  air,  and  afterwards  in  vacuo, 
the  vessel  containing  the  liquid  being  connected  with  an  air-pump  by  a  tube  contain- 
ing hydrate  of  potassium.  The  remaining  syrup  is  then  saturated  with  carbonate  of 
barium,  and  separated  by  filtration  firom  phosphite  of  barium ;  the  filtrate  is  evaporated 
in  vacuo;  the  dry  residue  treated  with  absolute  alcohol;  the  liquid  flllerod  to 
separate  the  chloride  of  barium,  and  evaporated  till  the  barium-salt  crystallises. 

The  acid  itself  is  scarcely  known,  in  consequence  of  its  great  tendency  to  resolve 
itself  into  phosphorous  add  and  alcohol. 

It  is  capable  of  exchanging  one  or  both  of  its  basylous  hydrogen-atoms  either  for 
metals  or  for  alcohol-radicles,  thereby  forming  both  acid  and  neutral  salts.    The  acid 
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xnetallic  salts  are  produced  by  treating  the  acid  with  the  respective  bases  (Wurtz^, 
the  neutral  salts  by  the  action  of  strong  bases  on  the  neutral  ethylic  ether  or  diethyhc 
othylphosphit«. 

Barium-salts.^ThQ  acid  salt,  Ba"H«.P^C«H*)«0«,  obtained  as  above  in  the  prepara- 
tion of  the  acid,  is  a  white,  amorphous,  friable,  deliquescent  mass,  which  swells  up  when 
subjected  to  dry  distillation,  giving  off,  first  certain  volatile  products  of  the  decompo- 
sition of  alcohol,  then  phosphoretted  hydrogen-gas,  and  leaving  a  mixture  of  barytic 
phosjphate  and  oxide  of  phosphorus  (or  red  phosphorus).  It  is  permanent  when  dry, 
but  in  solution  it  is  gradually  resolved  into  alcohol  and  barytic  metaphosphate, 
which  ciystaUises  out : 

It  is  very  soluble  in  water  and  alcohol,  and  is  precipitated  from  the  alcoholic  solution 
by  ether.    (Wurtz.) 

The  neutral  barium-^t,  Ba'TCH^O*,  is  produced  by  adding  1  at.  diethylic  ethyl- 
phosphite  to  1  at  hydrate  of  barium  dissolved  in  hot  water: 

(C«H»)«PC«H»0»     +     BaTff'O*      .      Ba'TCHK)'     +     2(C«H».H.O). 

On  gently  heating  the  mixture,  alcohol  is  given  off,  and  the  remaining  liquid  deposits 
the  barium-salt  on  evaporation.  It  does  not  ciystallise.  It  may  be  evaporated  in  a 
water-bath  without  decomposing,  but  on  boiling  it  is  easily  resolved  into  alcohol  and 
monobarytic  phosphite  (p.  529). 

2BaTC*H»0«     +     3H«0       -      2(C«H».H.O)     +     2BaTH0".H«0. 

By  decomposing  this  salt  with  rarious  sulphates,  other  neutral  ethylphosphitcs  may 
be  obtained,  but  none  of  them  crystallise.     (Rail ton,  Chem.  Soc  Qu.  J.  vii.  219.) 

The  add  copper-salt,  obtained  by  precipitating  the  acid  barium -salt  with  sulphate  of 
copper,  and  evaporating  the  filtrate  in  vacuo,  is  a  blue,  amorphous,  soft,  deliquescent 
mass,  in  which  the  copper  is  gradually  reduced.     (Wurtz.) 

The  acid  lead-salt,  obtuined  by  saturating  the  acid  with  recently  precipitated  carbo- 
nate of  lead,  and  evaporating  the  filtrate  in  vacuo,  forms  shining,  unctuous,  crystalline 
scales,  permanent  in  the  air,  soluble  in  water  and  alcohol,  insoluble  in  ether.  The 
aqueous  solution  gradually  deposits  phosphite  of  lead.     (Wurtz.) 

The  acid  potassium-salt,  obtained  by  precipitating  the  barium-salt  with  sulphate  of 
potassium,  and  evaporating  in  vacuo,  is  a  thick  uncrystallisHble  syrup.     (Wurtz.) 

Ethylobarytic     Ethylpkosphite,     C«H«Ba"P«0«     =     (C«H*;^Ba'\PC«H*0»)«       « 
(C»H»)«    1 

(F")'  >0'. — This  salt  is  obtained  by  adding  2  at.  diethylic  ethylphosphite  to  1  at. 
Ba"(C«H*)«) 

hydrate  of  barium  dissolved  in  hot  water,  and  gently  heating  the  liquid  for  a  few 
minutes.  Alcohol  is  then  given  off,  and  the  liquid,  if  carefully  eTaporated  on  a  water- 
bath,  deposits  the  salt  as  a  confused  crystalline  mass : 

r  C^H»  )     -1  (C«H*)»    ) 

2        F"    VO"         +     Ba"H«0»       -        (F")*      W     +     2(C»H»H.O). 
L(C»H»)«)      J  {CK^YEsTS 

This  salt  is  very  deliquescent^  extremely  soluble  in  water,  soluble  also  in  dilute  alcohol, 
but  only  slightly  soluble  in  absolute  alcohol.  It  does  not  decompose  at  108^. 
(Bailton.) 

Ethylopotassio  Ethylpkospkite,  C*H^E.PC*HK)^  is  obtained  by  decomposing  the 
barium-salt  with  potassic  sulphate.  It  crystallises  with  difficmty  in  thin  plates 
radiating  from  a  centre.    It  is  deliquescent^  soluble  in  alcohol,  insoluble  in  ether. 

The  Mdiutip-salt  prepared  in  like  manner  resembles  the  potassium-salt»  but  has  not 
been  obtained  in  the  crystalline  state.  The  nickel',  iron-,  rinc-,  and  moffnesium-ealtB 
obtained  in  like  manner  are  also  non-crystalline,  and  extremely  soluble  in  water,  but 
appear  to  be  insoluble  in  alcohol.  On  decomposing  the  solution  of  the  barium-salt 
with  cupzic  sulphate,  the  copper  was  reduced,  even  in  a  vacuum.    (Bailton.) 

The  corresponding  hydrogen-^alt^  or  Mylio  ei^lphospJUts,  H.C*H*.PC*HK>',  has 

not  yet  been  obtain^  

C*H»  ) 

Diethylio   Ethylphosphite,    C»ff*PO»     -        F"     V0«.  (Bailton,  Chem. 

(C»H»)M 
Soc.  Qn.  J.  vii  216.) — ^Produced  by  the  action  of  trichloride  of  phosphorus  on  ethylate 
of  sodium: 

80«H»NaO     +     PCI*      -      C«H»PO«     +     3NaCL 

1  at  trichloride  of  phosphorus  mixed  with  five  times  its  bulk  of  pure  ether  is  added 
by  small  portions  to  3  at.  ethylate  of  sodium  (prepared  by  acting  on  perfectly  anhydix>us 
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alcohol  with  (lodiain  in  a  retort  prOTided  with  a  eondensing-tobe,  and  eysporating  to 
dryness  at  120^),  the  retort  being  kept  at  the  boiling-point  of  ether  bj  a  water-bath. 
The  ether  is  then  distilled  off,  and  the  retort  transfenred  to  an  oil-bath,  in  which  it  is 
gradually  heated  to  200^,  and  kept  at  that  temperature  till  the  whole  of  the  ethylic 

Ehosphite  has  distilled  over.  The  distillate  is  rectified  several  times  in  a  current  of 
ydrogen,  the  portion  which  comes  over  at  188^  being  each  time  collected. 
Diethylic  ethylphosphite  is  a  neutral  somewhat  oily  liquid,  having  a  peculiarly 
offensive  odour.  Specific  gravity  «  1-076  at  16-6°.  Boiling-point  in  air,  191® ;  in 
hydrogen,  188®.  VapouzHiensity,  taken  in  an  atmosphere  of  hydrogen,  «■  5*800  and 
5*877;  calc.  (2  vol.)  »  5*763.  It  is  soluble  in  water,  alcohol,  and  ether,  and  bums  with 
a  bluish-white  flame.  Heated  with  bazyta-water,  it  ^yields  the  barium-salt  (or  ethyl- 
barium-salt)  of  ethylphosphorous  add,  according  to  the  proportions  used  (p.  533). 

AcBTTL-PTBOPHOSPHOROTTS  AciD,  C*H*F*0«  ==       (P'")*  lo*.     (N.  Men- 

H«    j 
sehutki  n,  Ann.  Ch.  Pharm.  cxzxiii.  317.)— This  add,  which  is  produced  by  the  action 
of  phosphorous  add  on  chloride  of  acetyl,  may  be  regarded  as  resulting  from  the  substi- 
tution of  acetyl  for  hydrogen  in  a  hypothetical  pyrophosphorous  acid,  P'H^O,  related 
to  phosphorous  acid  in  the  same  manner  as  pyiophosphoric  to  orthophosphoric  add : 

2iff|o']  -  H«o  -  |:jo.. 

Fhotphnroai  Pyrophos- 

acid.  phoroui  add. 

To  prepare  it,  1  at*  phosphorous  add  and  I  at.  chloride  of  acetyl  are  heated  together 
in  a  sealed  tube  to  120°,  in  an  oil-bath  for  50  to  55  hours,  the  tube  being  opened 
two  or  three  times  during  the  process  to  give  vent  to  the  large  quantity  of  hydrochloric 
add  which  is  set  free.  When  the  reaction  is  complete,  the  whole  of  the  chloride  of 
acetyl  is  found  to  have  disappeared,  and  the  tube  contains  a  perfectly  white  aystalline 
mass,  consisting  of  acetyl -pyrophosphorous  acid: 

2PH»0»     +     2C«H«0C1      «      H>P(C*H«0)0»     +     CT1*0«     +     2HCL 

To  purify  this  product,  it  is  first  dried  in  a  stream  of  carbonic  anhydride,  whereupon 
hydrochloric  and  acetic  adds  pass  off;  then  converted  into  a  potassium-salt,  which  is 
purified  by  two  or  three  crystallisations;  from  this  the  lead-salt  is  prepared  by  predpi- 
tation ;  and  the  predpitate  decomposed  by  sulphydric  acid  yields  a  solution  of  pure 
acetyl-pyrophosphorous  acid.  On  evaporating  this  solution  to  a  syrup,  and  leaving  it 
over  oil  of  vitriol,  the  acid  is  obtained  as  a  crystalline  mass,  very  much  like  crystallised 
phosphorous  add,  but  less  deliquescent.  It  contains  P*(C*H*0)H'0*.2H'0;  gives  off 
its  water  of  crystallisation  at  100° ;  does  not  fuse,  but  decomposes  when  strongly 
heated,  giving  off  phosphoretted  hydrogen. 
Acetyl-pyrophosphorous  add  appears  to  be  dibasic,  forming  salts  which  may  be 

H.C*H»0) 
represented  by  the  general  formula,    (F'y    ).0^    The  potassium-Mlt  formfl  crystals, 

M»      J 
which  contain  P^C«H«0)HK*0».2JH*0,  give  off  IJHK)  at  100°,  and  the  remaining 
1  at.  at  120°.    The  crystals  are  very  soluble  in  water,  and  effloresee  quickly,  splitting 
at  the  same  time  into  lumps,  in  an  easily-determined  direction  of  deavage.    By 
boiling  with  excess  of  potash,  the  salt  is  resolved  into  acetate  and  phosphite  of 

Sotassium. — The  bariumsaltt  P*(C*H"0)HBa''0*,  obtained  from  the  potassiumHult  by 
ouble  decomposition,  is  a  precipitate  which  becomes  crystalline  after  a  while. — ^The 
Uad-aalt,  P«(C»H»0)HPb''O»,  is  a  white  precipitate.--iV><rafe  of  aUver  forms  with  the 
potassium-salt  a  white  predpitate,  from  which  when  thrown  on  a  filter  the  silver  is 
instantly  reduced. 

(C«H«)') 
Tbittlb-nb-phosphobovs  AoiD,  C'H'PO*  *      P"*     vO"?— Kane,  by  acting 

on  acetone  with  iodine  in  presence  of  phosphorus,  and  nentralising  with  carbonate  of 

barium,  obtained  a  salt  to  which  he  assigned  the  formula  C^Bd*PO*  or  C'H"!Ba*PO«. 
According  to  £.  Mulder,  however  (J.  pr.  Chem.  xci.  472),  if  the  product  of  the  reac- 
tion be  freed  from  iodine  by  digestion  with  water  and  agitation  witli  mercury,  then 
neutralised  with  carbonate  of 'barium,  and  the  resulting  barium-salt  purified  by 
repeated  prcdpitation  with  alcohol  from  the  aqueous  solution,  it  finally  exhibits  the 
composition  of  tritylene-phosphite  of  barium,  (C'H*)'Ba*P*0*  (Mulder  regards  it  as 
a  phosphite  of  barium  and  acetone).  The  solution  of  this  salt  treated  witn  carbonate 
of  sodium,  yields  a  precipitate  of  bury  tic  carbonate  and  a  solution  of  tritylene-phoaphite 
of  sodium,  (C*H')''NaPO',  which  remains  on  evaporation  as  an  amorphous  mass. 
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Vbospborto  JLnliTdzKle,  Adda,  and  Sftlu. 

PbhtoxidbofFhosphobos,  PaoapHOBic  Oiidbob  Akhideidb,  PH)'. 
— Thiao^deu  the  sole  prodnct  of  the  rapid  Munbulion  of  phospbotoB  in  eiccMofdr; 
air  or  oxygen.  The  combuation  ia  eaaily  effectiMi  io  n  large  three-necked  alui  globe 
E  (Jig.  737),  in  Ihe  centra  of  which  ia  snspendfd  a  potceluin  diahe,  attached  by  meaw 
of  plaliunm-wiro  lo  the  wide  tabe  a  b,  which  ia  cloacd  at  a  wilh  a.  cock.  One  of  the 
lBt«nil  openings  of  the  globe  comniunii.-atea  with  a  U-tube  d,  contsiniDg  pomtce  soaked 
in  oil  of  vitriol  lo  iiy  the  air  which  enteta  the  globe,  while  ihe  other  lotenl  opeDing 
communioateB  with  a  wide-moulhed  bottle  /,  deatined  to  receive  the  product.  Th# 
phoephonia  in  the  capBule  ia  ignited  by  »  hit  wire,  (be  cork  inserted  in  the  varlieal 
Inbe,  and  a  current  of  dry  air  passed  thtongh  the  apparattia  by  means  of  an  aapintor 
counftted  with  Iha  eiit-tube  g  of  the  bottle/,  op  by  a  blowM  aUschedJo  tho  drying- 


is  cecorked  ti 

,._ _,    _ _  condenaea  ai  _  . _ 

globe  and  in  Iba  bottle/     If  the  eupply  of  air  ia  not  aufflcieDt,  the  product  will  be 
coDtaminaled  with  phoaphoroua  oxide. 

A  simpUBed  apparatuB  for  preparing  phoa[Ju>ric  aohjdride  ia  deacribed  by  Ora> 
bowBki(Ann,  Ch.  Pharm.  uiiitI  IIB). 

Fhoaphoric  onde.  aa  above  prepared,  forms  a  aDow-wbit«,  flocciUenI,  amorphoua  deposit, 
inodoroua  when  Iree  from  phospboroiu  oiide,  and  not  affecting  litmus-paper  when 
perfectly  dry.  It  lublimee  below  a  red  beat.  When  heated  with  charcoal  it  ia  de- 
composed, Tielding  carbonic  oxide  and  ^oaphonuL  It  is  also  decompoaed  when 
healed  wita  eaaiiy  oiidisable  metals.  Heated  with  pentachloride  of  phosphoma 
(Weber,  p.  filS),  or  with  perfectly  dry  chloride  of  sodinm  (LaotBrnann,  Ann.  Cb. 
Pharm.  Ciiii,  240),  it  yields  phosphoric  oiychloride  FOCI".  It  has  a  powerftil  alb-ae- 
tioD  for  vater.  disaolviDg  in  it  with  a  hisains  noise  and  great  derelopment  of  beat,  and 
deliquescing  quickly  in  contact  with  moist  air.  It  likewise  acta  as  a  powerful  dehydrst- 
iDg  agent,  abetracting  water  from  aeida,  Blcuhola,BDd  many  other  bodies  when  heated  with 
them.  Strong  sulphuric  acid,  for  example,  heated  with  phosphoric  anhydride  ia  con- 
Tcrted  into  atSphoric  anhvdride.  It  nnitea  with  water  in  three  praportions,  forming 
three  scida,  ff-O.PH)*,  ab>OJ«0*,  and  SH'OJ^O*,  denoted  by  the  generic  name   at 

phosphoric  acids.    At  a  red  heal  it         '   "        ' '       -'   ■      '- 

>hatee  con 

Jahreab.  1866,  p.  161.) 

FHoaFnoBioAClD.  — Fhosphoretted  hydrogen.  PH',  bnrot  in  air  or  oxygen  takM  np 
4  atoms  of  oxygen  and  forma  phoaphoric  acid,  H*FO'.  The  same  acid  is  also  produced 
by  the  oxidation  of  hypophoapboroBa  or  phosphotoua  scid  ;  by  oxidising -fihoBphorus 
with  nitric  acid ;  by  tho  deoomposition  of  apatite  and  other  nAtire  pbospfiates ;  und  by 
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the  action  of  boiling  water  on  phosphoric  anhydride.  This  acid  is  tribasic,  formiDg 
three  distinct  classes  of  metallic  saJts.  With  sodinm,  for  example,  it  forms  the  three 
salts  NaH^PO*,  Na^HPO*,  and  Na*PO*,  the  first  two  of  which,  still  containing  replace- 
able hydrogen,  are  acid  salts,  while  the  third  is  nentraL  The  three  atoms  of  hprdrogen 
in  phosphoric  acid  may  be  replaced  in  like  manner  by  alcohol-radicles,  forming  acid, 
ana  neutral  ethers. 

If  now  monosodic  phosphate,  NaH*PO^  be  heated  to  redness,  it  gives  off  1  atom  of 
water  and  leaves  an  anhydrous  monosodic  phosphate,  NaPO*  =  NaH'PO* — H*0,  the 
aqueous  solution  of  which,  when  treated  with  nitrate  of  lead,  yields  a  lead-salt  of  cor- 
responding composition :  thus — 

2NaP0»  +  Pb"(NO«)«     -    Pb"(NO«)«  +  2NaN0'; 

and  this  lead-salt,  decomposed  by  sulphydric  acid,  yields  a  monohydric  acid  having  the 
composition  HPO',  possessing  properties  quite  distinct  from  those  of  the  trihydric  acid 
above  mentioned : 

Pb"(PO»)»  +  H=S     -     2HP0«  +  Pb"S, 

The  trihydric  acid  which  is  produced  by  the  oxidation  of  phosphorus,  and  by  the 
decomposition  of  the  ordinary  native  phosphates,  is  called  orthophosphoric  acid 
or  ordinary  phosphoric  acid;  the  monohydric  acid  is  called  me taphosph or io 
acid.  The  former  may  be  regarded  as  a  trihydrate,  the  latter  as  a  monohydrate  of 
phosphoric  anhydride : 

2H»P0*  =   3H*0.PK>*  orthophosphoric  acid. 
2HP0»    -     H'O.P'O*  metaphosphoric  acid. 

Both  are  soluble  in  water,  and  the  former  may  be  produced  by  the  action  of  boiling 
water,  the  latter  of  cold  water  on  phosphoric  anhydride.  They  are  easily  distinguished 
from  one  another  by  their  reactions  with  albumin  and  with  nitrate  of  silver.  Meta- 
phosphoric  acid  coagulates  albumin,  and  gives  a  white  precipitate  with  nitrate  of 
silver ;  whereas  orthophosphoric  acid  does  not  coagulate  albumin,  and  gives  no  pre- 
cipitate, or  a  very  slight  one,  with  nitrate  of  silver,  till  it  is  neutralised  with  an  alkali, 
in  which  case  a  yellow  precipitate  is  formed. 

Metaphosphoric  acid  and  its  salts  differ  from  orthophosphoric  acid  and  the  ortho- 
phosphates  by  the  want  of  one  or  two  atoms  of  water  or  base,  the  relation  between 
the  two  classes  of  salts  being  similar  to  that  between  ortho-  and  metA-silicates,  car- 
bonates, &c.  (p.  238):  thus— 

Metaphosphatei.         Orthophosphatcs. 


HPO« 

a 

H'PO* 

H«0 

NaPO« 

a 

Nan«PO«       - 

HK) 

Ba^P'O* 

s 

Ba'R'P^O*     - 

2H0 

AgPO« 

« 

Ag^O* 

Ag«0 

Pb^P^O* 

B3 

fb»PH)» 

2Pb"0 

Accordingly,  we  find  that  metaphosphates  and orthophosphates  are  convertible  one  into 
the  other  by  the  loss  or  gain  of  one  or  two  atoms  of  water  or  base :  thus — 

a.  A  solution  of  metaphosphoric  acid  is  converted,  slowly  at  ordinary  temperatures, 
quickly  at  the  boiling  heat,  into  orthophosphoric  acid,  and  the  metaphosphates  of 
sodium  and  barium  are  converted  by  boiling  with  water  into  the  corresponding  mono- 
metallic orthophosphates  (see  the  first  three  equations  above). — $.  The  metaphosphate 
of  a  heavy  metal,  silver  or  lead  for  example,  is  converted  by  boiling  with  water  into 
trimetallic  phosphate  and  orthophosphonc  acid : 

3AgP0«  +   8H«0     -     Ag«PO*  +   2mP0*. 

y.  When  any  metaphosphate  is  fbsed  with  an  oxide,  hydrate  or  carbonate,  it  beoomet 
ft  trimetallic  orthophosphate:  e,ff. — 

NaPO*  +  Na«CO«     =     Na«PO«  +   C0«. 

On  the  other  hand:  (8),  when  orthophosphoric  acid  is  heated  to  redness,  it  loses 
water  and  becomes  metaphosphoric  acid;  and  when  a  monometallic  orthophosphate  is 
heated  to  redness,  it  also  loses  water  and  is  transformed  into  a  metaphosphate.  Or  if 
one  of  th*)  bases  of  a  dimctallic  orthophosphate  is  volatile,  a  metaphosphate  is  likewise 
produced  by  heating  the  salt  to  redness ;  thus  with  sodio-ammonic  orthophosphate 
(microscosmic  salt) : 

Na(NH*)HPO*  -  (Nfr)HO     -     NaPO«. 

€.  A  trimetallic  orthophosphate  fused  with  a  fixed  anhydride,  silicic  or  boric,  for  ex- 
ample, is  converted  into  a  metaphosphate  by  abstraction  of  an  atbm  of  base:  thus — 

Na»PO«  +  SiO»     -     Na«SiO»  +  NaPO*. 
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When  pliospliorio  anhydride  is  fused  with  the  salt  of  a  volatile  anhydride,  an  ortho* 
or  meta-phoephate  is  produced,  according  to  the  facility  with  which  the  volatile 
anhydride  can  be  expelled  from  the  base.  Thus  with  sulphate  of  magnesium,  the 
product  is  an  orthophosphate : 

P»0»  +   3Mg''S0«     «     M^P«0«  +   880* ; 

but  with  sulphate  of  potassium,  in  which  the  sulphuric  anhydride  is  retained  with 
greater  force,  a  metaphosphate  is  produced,  thus: — 

P»0»  +  K»SO*     =     2KP0"  +  S0». 

Intermediate  between  ortho-  and  meta-phosphates  there  are  at  least  three  distinct 
classes  of  salts,  the  most  important  which  are  the  pyrophosphates  or  paraphos- 

phates,  M'P'O'  or  M!'^F*0*\  These  salts  may  be  viewed  as  compounds  of  1  at.  ortho« 
phosphate  and  1  at  metaphosphate:  M*F*0'  »  M>PO«  +  MPO*. 

Pyrophosphate  of  sodium  is  produced  by  heating  disodic  orthophosphate  to  redness, 
thus : — 

2Na«HP0*    -     Na*P»0'  +  H«0. 

The  solution  of  this  salt  yields  insoluble  pyrophosphates  with  lead  and  silver  salts: 
thus  with  nitrate  of  lead — 

Na*P»0'  +  2Pb"N"0«     «     Pb«P«0»  +  4NaN0»; 

and  pyrophosphate  of  lead  decomposed  by  sulphydric  acid,  yields  pyrophosphoric 
acid;  3H*P^'  or  2H«0.P*0» : 

Pt*P*0'  +  2H«S     «     H*P»0»  +  2Pb''S. 

Pyrophosphates  are  easily  converted  into  metaphoephates  and  orthophosphates  (and 
vice  versk)  by  addition  or  subtraction  of  water,  or  a  metallic  base. 

a.  The  production  of  a  pyrophosphate  from  an  orthophosphate  by  loss  of  water  has 
been  already  mentioned. — fi.  Conversely,  when  a  pyrophosphate  is  heated  with  water 
or  a  base,  it  becomes  an  orthophosphate:  e.  g. — 

Na*P«0»     +    H^O       «       2Na«HP0* 
Na*P*0'    +   2NaH0  «       2Na«P0<    +    H*0. 

7.  Pyrophosphoric  acid  heated  to  dull  redness  is  converted  into  metaphosphorie 
acid :  H*P*0*  —  H*0  -  2HP0".  The  converse  reaction  is  not  easily  effected,  inas- 
much as  metaphosphorie  acid  by  absorbing  water  generally  passes  directly  to  the  state 
of  orthophospnoric  acid.  Peligot,  however,  observed  the  formation  of  pyrophosphoric 
from  metaphosphorie  acid  by  very  slow  absorption  of  water  (p.  539). — &.  '\^en  a 
metallic  metaphosphate  is  treated  with  a  proper  proportion  of  a  hydrate,  oxide,  or  car* 
bonate,  it  is  converted  into  a  pyrophosphate : 

2NaP0«  +  l4*C0»     =     Na*P»0»  +  C0«. 

Fleitmann  and  Henneberg  (Ann.  Ch.  Pharm.  Ixv.  304),  by  fusing  together  an 
atom  of  pyrophosphate  of  sodium,  Ka'PO'.NaPO',  with  two  atoms  of  metaphosphate, 
NaPO*.  obtained  a  salt  having  the  composition  Na'PO^.SNaPO*  «  Na'P^O",  which 
is  soluble  without  decomposition  in  a  small  quantity  of  hot  water,  and  cxystallises  from 
its  solution  by  evaporation  over  oil  of  vitrioL  An  excess  of  hot  water  decomposes  it, 
but  its  cold  aqueous  solution  is  moderately  permanent  Insoluble  phosphates  of  similar 
composition  may  be  obtained  from  the  sodium-salt  by  double  decomposition.  Fleit- 
mann and  Henneberg  obtained  another  ciystallisable  but  very  insoluble  salt,  having  the 
composition  Na"P0*.9NaP0»  -  Na»«P>»0",  by  fusing  together  1  atom  of  sodic  pyro- 
phosphate with  8  atoms  of  the  metaphosphate ;  and  insoluble  phosphates  of  similar 
constitution  were  obtained  from  it  by  double  decomposition  (see  further  Uelsmanni 
Ann.  Ch.  Pharm.  cxviii.  99). 

The  relative  proportions  of  base  and  anhydride  in  these  different  phosphates  is  best 
shown  by  accoraing  to  them  all  the  quantity  of  base  contained  in  the  most  complex 
member  of  the  series,  that  is  to  say,  6  atoms,  as  in  the  following  table: 

Orthophosphate 6M«0.2P*0»  ->     4l!iPP0«. 

Pyrophosphate 6M*0.3P«0»  «    SM^PH)'. 

Fleitmann  and  Hennebeig^s  Phosphate  (a)         .  6M«0.4P*0»  -  2M*P*0". 

Fleitmann  and  Hennebergfs  Phosphate  (6)  6M*0.6P«0»  -  M»«P'»0«>. 

Metaphosphate 6M«0.6P"0»  -    12MP0*. 

The  several  modifications  of  phosphoric  acid  and  their  salts  have  been  examined 
chiefly  by  Berzelius  (Ann.  Ch.  Phys.  [2]  ii.  151,  217;  x.  278);  Mitscherlich 
iihid,  xix.  350);  Gay-Lussac  (tW.  xk  331);  Clark  (Ed.  J.  of  Sc  vii.  298); 
Stromeyer  (Scbw.  J.  Iviii.  123);  Graham  (Phil.  Trans.  1833,  p.  253;  PhiL  Msg. 
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iy.  401);  Mad dr ell  (Mem.  Chem.  Soc  iii.  273;  Ann.  Gh.  Pharm.  Ixi.  63); 
ammelsberg(AnD.  Ch.  Fhurm.  Ivi.  210;  Izxii.  260;  Jahresb.  1847-8,  p.  338) ; 
Schwarzenberg  (ibid.  Ixv.  133;  Jahresb.  1847-8,  p.  345);  Persoz  (Ajan.  CL 
Pharm.  Izv,  163;  Jahresb.  1847-8,  p.  352);  Fleitmann  and  Henneberg  (Ann.  Ch. 
Pharm.  Ixv.  304,  387;  Jahresb.  1847-8,  pp.  354,  357);  H.  Rose  (Ann.  Ch.  Pharm. 
Ixxiri.  2,  13  ;  Ixxvii.  319 ;  Jahresb.  1847-8,  pp.  231,  351)  ;  Vogeli  (Ann.  Ch.  Pharm. 
Ixix.  180;  Jahresb.  1847-8,  p.  694);  Heintz  (Ann.  Ch.  Pharm.  Ixviii.  257,  287; 
Ixxii.  264;  Jahresb.  1847-8,  p.  342;  1849,  p.  534);  Baewsky  (Coropt.  rend,  xxru 
205 ;  Jahresb.  1847-8,  p.  240);  Baer  (Ann.  Ch.  Pharm.  Ixriii.  255;  Jahresb.  1847-8, 
p.  340) ;  Werther  (Ann.  Ch.  Pharm.  Ixviii.  312 ;  Jahresb.  1847-8,  p.  419) ;  Ludwig 
(Jahresb.  1847-8,  p.  339 ;  1849,  p.  230 ;  1852,  p.  361) ;  Fleitmann  (Ann.  Ch. Pharm. 
Ixxii.  231 ;  Jahresb.  1849,  p.  233);  Reynoso  TAnn.  Ch.  Pharm.  Ixxxiii.  98;  Jahresb. 
1852,  p.  318);  Marignac  (Ann.  Ch.  Pharm.  Ixxxviii.  232;  Jahresb.  1853,  p.  339); 
Fresenius  (Ann.  Ch.  Pharm.  Ixxxvi.  p.  216;  Jahresb.  1853,  p.  322);  Brandea 
(Ann.  Ch.  Pharm.  Ixxxviii  272  ;  Jahresb.  1853,  p.  381). 

Mbtaphosphobic  acid,  HP0«  "^  h1^*  "  ^^H^  (^'  ^^  HH).P«0*.— This 

acid,  discovered  by  Graham,  is  obtained,  ajB  already  obeerved,  by  acting  on  phosphoric 
anhydride  with  cold  water,  or  by  heating  orthophosphoric  or  pyrophosphoric  acid  to 
redness.  Orthophosphate  of  ammonium  may  be  substitnted  for  the  orthophosphoric 
acid;  but  it  is  difficult  to  expel  the  last  traces  of  ammonia.  Metaphosphorie  acid  is 
also  prepared  by  decomposing  some  of  its  salts  with  another  acid,  as  by  exposing  the 
lead-salt  suspended  in  water  to  a  cuirent  of  sulphydric  acid  gas. 

Metaphosphorie  acid  in  the  solid  state,  as  obtained  by  evaporating  its  solution  and 
heating  the  residue  to  redness,  or  by  boiling  ortho-  or  pyropnosphonc  acid  to  redness^ 
forms  a  transparent,  colourless,  glassy,  uncrystallisable  mass,  which  dissolves  slowly 
though  somewhat  abundantly  in  water,  forming  a  strongly  acid  liquid.  Its  solution 
gives  white  precipitates  with  solutions  of  albumin,  nitrate  of  silver,  and  chloride  of 
barium.  The  last-mentioned  precipitate  is  soluble  with  difficulty  in  a  large  excess  of 
the  acid.  With  molybdate  of  ammonium  it  gives  no  precipitate  or  coloration,  until,  by 
the  action  of  the  free  nitric  add  present,  it  has  been  fairly  converted  into  orthophos- 
phoric acid. 

Metaphosphorie  acid  is  converted  slowly  at  ordinary  temperatures,  quickly  at  the 
boiling  heat,  into  orthophosphoric  acid,  without  passing;  through  the  intermediate  stage 
of  pyrophosphoric  acid.  Metaphosphorie  acid  volatilises  completely  at  a  brip;ht  red 
heat>  but>  according  to  H.  Rose,  its  composition  varies  during  the  volatilisation,  the 
last  portions  volatilised  consisting  of  metaphosphorie  acid  and  phosphoric  anhydride ; 
but  metaphosphorie  acid  cannot  be  completely  dehydrated  by  heat»  or  indeed  by  any 
known  process. 

Metapho8phatea,'i£PO*  ovT!S?P*0*. — ^These  salts  are  produced:  1.  By  treating 
the  acid  with  bases. — 2.  Bv  igniting  a  monometallic  orthophosphate  of  fixed  base,  or  a 
dimetallic  orthophosphate  naving  one  fixed  and  one  volatile  base  (ammonio-sodic  phos- 
phate, for  example),  or  a  monometallic  pyrophosphate. — 3.  By  double  decomposition, 
the  insoluble  metaphosphates  of  silver,  lead,  and  barium,  for  example,  f^m  meta- 
phosphate  of  sodium,  and  the  ammonium-salt  by  decomposing  metaphosphate  of  lead 
with  sulphide  of  ammonium. — 4.  By  heating  trimetallic  orthophosphates  or  dimetallic 
pyrophosphates  with  the  proper  proportions  of  phosphoric  anhydride  or  acid :  thus — 

Na"PO*     +     P*0*       -       3NaP0«. 
Na*P20^     +     P«0»       -       4NaP0". 

Metaphosphates  may  therefore  be  regarded  as  anhydro-salts  of  orthophosphates  and 
pyrophosphates,  a  relation  further  exhibited  by  the  behaviour  of  sodic  or  calcic  meta- 
phosphate when  heated  with  charcoal,  the  aalt  then  splitting  up  into  a  trimetallic 
orthophosphate  irreducible  by  the  charcoal,  and  phosphoric  anhydride,  which  is  decom- 
posed by  the  charcoal  into  carbonic  oxide  and  phosphorus  vapour  (p.  500). 

Metaphosphates  of  alkali-metals  are  fusible,  soluble  salts,  not  usually  dystaUine. 
The  metaphosphates  are  readily  decomposed  by  other  acids :  thus  even  acetic  acid  will 
decompose  metaphosphate  of  sodium,  as  shown  by  the  fact  that  a  mixture  of  acetic  acid 
and  metaphosphate  of  sodium  precipitates  albumin,  although  neither  reacent  separately 
will  produce  that  effect.  The  circumstances  under  which  metaphosphates  are  con- 
verted into  pyrophosphates  and  orthophosphates  have  been  already  considered. 

Modifications  of  Metaphosphates. — The  metaphosphates  are  remarkable  for  ex- 
hibiting very  different  properties,  according  to  the  manner  in  which  they  are  prepared. 
These  differences  are  generally  attributed  to  polymeric  modifications,  the  formulse  of 
which  are  determined  chiefly  by  the  relative  numbers  of  atoms  of  the  two  bases  con- 
tained in  the  respective  double  salts. 
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a,  Hexmeiapho9phaU9,  MfP'O'*. — Qrdinazj  metaphosphorie  acid,  obtained  by  the 
processes  above  described,  forms  double  salts  containing  quantities  of  monatomic  metal 
in  the  ratio  of  6  at.  to  1  at,  or  equiTalent  quantities  of  diatomic  metal — the  calcio- 

sodic  salt,  for  example,  harmg  the  composition  Ca*Na^PO»)",  or  2NaPO».6Ca''P»0» 
The  ordinary  sodium-metaphosphate,  obtained  by  igniting  monosodic  orthophosphate 
and  sadden  cooling,  forms  a  Titreons  mass,  the  aqueous  solution  of  which  gives  gela- 
tinous precipitates  with  the  saks  of  the  heavy  metals  and  alkaline  earth-metals. 

^L  Trimttaphoaphates,  H'P'O'. — When  a  considerable  quantity  of  ordinazy  fused  sodie 
metaphosphate  is  allowed  to  cool  very  slowly,  the  salt  in  solidifying  acquires  a  beauti- 
fully crystalline  structure ;  and  when  this  mass  is  digested  in  a  slight  excess  of  warm 
water,  the  liquid  separates  into  two  layers,  the  larger  stratum  containing  the  crystalline 
and  the  smaller  stratum  the  ordinary  vitreous  raltw  The  solution  of  the  crystalline 
vaiiebr  gives  hydrated  ciystalline  precipitates  with  salts  of  the  heavy  metals.  The 
formuUe  of  the  crystalline  silver-salt  thus  produced  is  SAgPO'.H'O.  The  meta- 
phosphoric  acid  obtained  from  these  salts  forms  double  salts  containing  2  at  of  one 
monatomic  metal  to  1  at.  of  another,  or  quantities  of  diatomic  metals  equivalent  to 
these. 

y.  JHmeiapiosphates,  WPH}*, — ^When  oxide  of  copper  and  a  slight  excess  of  aqueous 
phosphoric  acid  are  heated  together  to  360^,  a  ciystiuline  powder  is  formed,  insoluble 
m  water,  but  soluble,  with  the  aid  of  heat,  in  sulphuric  acid  and  in  ammonia.  The 
corresponding  metaphosphates  of  the  alkali-metals,  which  are  obtained  by  treating  the 
copper-salt  with  sulphide  of  potassium,  &c,  are  soluble  in  water,  ciystallisable,  and 
converted  by  heat  into  insoluble  salts.  These  metaphosphates  have  a  strong  tendency 
to  form  double  salts,  all  of  which  contain  equal  or  equivalent  numbers  of  atoms  of  tha 
two  bases.  For  example,  on  mixing  a  concentrated  solution  of  the  potassium-salt  with 
chloride  of  sodium,  or  of  the  sodium-salt  with  chloride  of  potassium,  a  crystalline  double 
salt  is  obtained,  having  the  composition  NaKP'O'.HK).  Again,  concentrated  solutions 
of  the  ammonium-salt  and  cupric  chloride  mixed  together,  deposit,  on  addition  of  alcohol, 
blue  crystalline  needles,  having  the  composition  (NH*)KJu*P<0'«.2H«0. 

S.  TetraTneiaphoaphaieSf  M^P*0'* — ^Another  variety  of  metaphosphate  is  formf^l  by 
heating  phosphoric  acid  with  oxide  of  lead,  bismuth,  or  cadmium,  or  with  a  mixture  of 
2  at  sodic  hydrate  and  1  at  cupric  oxide.  The  lead-salt  is  easily  decomposed  by 
alkaline  sulphides,  and  yields  the  corresponding  salts  of  the  alkali-metals.  The 
sodium-salt  in  combination  with  water  is  viscid  and  elastic,  and  forms,  with  a  laiser 
quantity  of  water,  a  gummy  mass,  which  will  not  pass  .through  a  filter.  The  double 
salts  of  this  variety  of  metaphosphoric  acid  contain  equal  or  eouivalent  numbers  of 
atoms  of  their  two  bases,  like  those  of  the  preceding ;  but  as  they  differ  in  physical 
properties,  it  is  probable  that  they  are  polymeric  with  the  latter,  the  sodio-cuprie 

salt,  for  example,  having  the  composition  NaKHx^F*0**. 

«.  Mori&metaphosphates,  MPO*. — Lastly,  there  is  a  variety  of  metaphosphates  die- 
covered  byMaddrell  fMem.  Chem.  Soc.  iii  373)  which  are  remarkable  for  their 
insolubility  in  water.  The  potassium-salt  is  produced  by  igniting  hydrate  of  potassium 
and  phospnoric  acid  together  in  equivalent  proportions ;  the  ammonium-salt  by  heating 
dimetaphosphate  of  ammonium  to  250°.  These  metaphosphates  are  also  formed  by 
adding  phosphoric  acid  in  excess  to  solutions  of  sulphates  or  nitrates,  evaporating  to 
diyness,  and  heating  Hie  residues  to  316^  or  upwards.  They  are  crystalline  anhy- 
drous powders.    There  are  no  double  salts  of  this  variety. 

PtbophosphobicAcid,H*P*0' «  ^h*^*|o'  -  IRPO*.HPO«  -  2H«0J»0». 

— This  add,  discovered  by  J>r.  Clark  of  Aberdeen,  may  be  prepared  by  evaporating  a 
solution  of  orthophosphoric  acid  till  its  temperature  rises  to  215°,  but  the  product  is 
always  somewhat  contaminated  with  unchanged  orthophosphoric  acid.  A  purer  product 
is  obtained  by  decomposing  pyrophosphate  of  lead  with  sulphydric  acid,  and  evaporating 
the  filtrate  till  it  attains  the  temperature  above  mentioned.  As  thus  prepared  it  forms  a 
soft  glass.  Peligot,  however,  found  (Ann.  Ch.  Phys.  [2]  Ixxiii.  286)  that  fused 
phosphoric  acid  (metaphosphoric  acid),  left  to  itself  in  a  bottle  for  several  years, 
during  which  time  it  absorbed  water,  formed  at  the  top  transparent  crvstals  of  ortho- 
phosphoric acid,  in  the  middle  a  mother-liquid  of  specific  gravity  1*7,  and  at  the  bottom, 
opaque  indistinct  crystals  of  pymphosphoric  acid  resembung  loaf-sugar. 

Pyrophosphoric  acid  is  converted  into  metaphosphoric  acid  when  neated  to  redness, 
and  into  orthophosphoric  acid  when  boiled  with  water.  The  last  conversion  takes 
place  also  at  orainary  temperatures,  but  very  slowly,  so  that  the  aqueous  acid  may  be 
kept  unaltered  for  even  naif  a  year  (Graham).  Pyrophosphoric  acid  in  aqueous 
solution  does  not  precipitate  albumin,  chloride  of  barium^  or  nitrate  of  silver,  but  after 
neutralisation  it  gives  white  precipitates  with  the  last  two  reagents. 

Pyrophosphates. — ^Pyrophosphoric  acid  being  tetrabosie  is  capable  of  forming 
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four  classes  of  salts,  tliree  add  and  one  nentral,  represented,  in  the  case  of  monatomic 
metals,  by  the  formnln : 

MH«P«0',    WK^FH)\    M«HPH)',    and    M«P»0'. 

The  neutral  pyrophosphates  may  be  produced,  as  already  observed,  by  igniting  dime- 
tallic  orthophosphates ;  also,  by  neutralising  the  acid  with  bases,  or  by  heating  any 
form  of  phosphoric  acid,  or  a  metaphosphate,  with  a  quantity  of  oxide,  hydrate  or  car- 
bonate, sufficient  to  furnish  the  required  quantity  of  base :  e.  g,— 

2HP0«     +     2Na«C0«       -       Na«P*0'     +     2C0«     +     H«0. 
2NaP0«    +     2NaH0        -       Na<PH)»     +     HK). 

Acid  pyrophosphates  may  be  prepared  by  neutralising  one  quantity  of  the  acid  with  a 
base  and  adding  thereto  one-third,  or  one,  or  three  more  proportions  of  acid. 

Many  pyrophosphates  are  formed  by  double  decomposition.  Solutions  of  pyrophos- 
phates, even  when  much  diluted,  give  precipitates  with  salts  of  calcium^  barium^  lead, 
and  silwr.  The  precipitates  formed  by  sodio  pyrophosphate  in  solutions  of  copper, 
nickel,  and  some  other  metals,  are  doable  salts,  containing  2  at  sodium  to  3  at.  of  the 
diatomic  metal  (p.  237) :  e,  g. — 

2Na*P»0'     +     SCu'Cl*       -      Cu«Na«P*0«*     +     6NaCl. 
This  constitution  is  exhibited  by  most  of  the  double  pyrophoBphates,  and  seems  to 
favour  the  notion  that  these  salts  are  compounds  of  orthophosphates  and  metaphos- 
phates:  thus,  Cu*Na«P*0»«  =  Cu»I«0«.2NaP0». 

Among  neutral  pyrophosphates,  those  of  the  alkali-metals  onlv  are  soluble  in  water ; 
their  solutions  have  a  slight  alkaline  reaction,  and  cannot  be  boiled  without  couTersion 
into  orthophosphates.  The  other  salts  are  soluble  in  acids,  and  generally  in  an  excess 
of  sodic  pyrophosphate,  forming  the  double  salts  just  mentioned,  which  exhibit  a  pecu- 
liar behaviour  with  reagents.  Thus,  from  a  solution  of  ferric  or  manganous  pyrophos- 
phate in  pyrophosphate  of  sodium,  the  heavy  metal  can  scarcdy  be  precipitated  by 
sulphydric  acid  or  sulphide  of  ammonium.  The  insoluble  pyrophosphates  are  soluble 
also  in  excess  of  the  heavy  metallic  salt  from  which  they  are  precipitated;  the  solution 
is  precipitated  by  heat,  and  the  precipitate  is  not  redissolved  on  cooling — as  is  the  case 
with  orthophosphates  under  smiilar  circumstances.  The  alkaline-earthy  pyrophos- 
phates dissolve  with  difficulty  in  acetic  acid. 

When  a  pyrophosphate  containing  a  metal  reducible  from  its  oxide  bv  heat  alone  is 
ignited  in  a  stream  of  hydrogen,  the  metal  is  reduced,  and  water,  phosphoric  acid,  and 
other  phosphorus-compounds  are  separated;  if  the  oxide  is  irreducible  by  itself,  but 
reducible  by  hydrogen,  a  metallic  phosphide  is  formed,  while  water  and  various  phos- 
phorus-compounds escape;  if  the  oxide  is  not  reducible  by  hydrogen,  the  pyrophos- 
phate is  resolved  into  an  orthophosphate  and  phosphoric  anhydride  (SM^PK)'  «« 
4M'P0*  +  P'O*),  which  latter  is  partly  decomposed  mto  phosphorous  acid,  phoflpho* 
retted  hydrogen,  and  red  phosphorus.    (Struve,  J.  p.  CheuL  Ixxix.  345.) 

The  other  reactions  by  which  pyrophosphates  are  converted  into  ortho-  and  meta- 
phosphates  have  been  already  considered. 

Obthophosfhobic  acid,  H*P0*  «  h»1^*  "*  ^"^H**  1^'  ^'  8BP0.PW.— 
This  acid  is  produced,  as  already  observed :  1.  By  the  action  of  boiling  water  on 
phosphoric  anhydride,  metaphosphoric  acid,  or  pyrophosphoric  acid. — 2.  By  the  com- 
bustion of  phorohoretted  hydrogen  in  air  or  oxygen. — 3.  dj  the  oxidation,  spontaneous 
or  otherwise,  ot  hypophosphorous  and  phosphorous  adds. — i.  By  oxidising  phosphorus 
with  nitric  or  hypochlorous  acid. — 5.  By  decomposing  its  salts  with  acids,  tricalcic 
phosphate  (bone-earth)  for  example,  with  sulphuric  acid,  or  phosphate  of  lead  with, 
sulphydric  acid. — 6.  By  the  action  of  water  on  phosphoric  oxychlonde: 

PC1»0  +   3H»0     «     H»PO*  +  8HC1. 

Pentachloride  of  phosphorus,  acted  upon  by  a  small  quantity  of  water,  yields  phosphoric 
oxychloride : 

PC1«  +  H»0     =     2Ha  +  PCIH), 

which  may  be  converted  bv  a  larger  quantity  of  water  into  phosphoric  acid. 

Preparation. — 1.  By  the  action  of  Nitric  Acid  on  J^ospnonie, — One  part  of 
phospnorus  is  heated  in  a  retort  with  about  15  pts.  of  dilute  nitric  acid  of  specific 
nravity  1*2  until  it  is  dissolved.  The  distillate  which  contains  some  phosphorous  acid 
IS  then  returned  to  the  retort,  and  the  entire  liquid  is  evaporated  down.  At  a  certain 
degree  of  concentration,  a  very  considerable  effervescence  occurs,  due  to  the  oxidation 
of  the  phosphorous  acid  into  phosphoric  add.  Small  quantities  of  nitric  add  are  then 
added  from  time  to  time,  until  the  last  ad^tion  no  longer  produces  effervescence,  after 
which  the  liquid  is  evaporated  to  expel  the  nitric  acid.  If  the  evaporation  is  carried 
so  far  as  to  produce  pyrophosphoric  or  even  metaphosphoric  add,  the  residue  is  to  be 
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bofled  fbr  a  short  time  in  water,  whereby  these  last  two  adds  ate  recoiiTerted  into 
orthophosphoric  add. 

2.  From  Bone^ash, — ^Bone-ash  is  decomposed  bj  sulphuric  add,  as  described  on 
page  600,  and  the  acid  solution  filtered  from  the  insoluble  gypsimi  is  concentrated  to  a 
snull  bulk  and  mixed  with  more  sulphuric  acid,  whereby  a  further  precipitate  of 
gypeum  is  formed,  which  after  dilution  with  water  is  separated  by  straining  through 
Dnen.  This  operation  of  evaporation  to  a  small  bulk,  treatment  with  sulphuric  acid, 
dilution  with  water,  and  filtration,  is  repeated  a  second  and  even  a  third  time,  till  the 
lime  is  completely  removed.  The  acid  is  next  evaporated  to  a  svrup,  and  gently 
ignited  to  expel  the  sulphuric  add.  The  reddue,  which  still  contains  magnesia  and 
soda,  derived  from  the  bone-ash,  is  freed  from  the  greater  part  of  these  impurities  by 
solution  in  boiling  water,  concentration,  and  heatbg  for  about  half  an  hour  to  316^. 
A  white  powder  then  separates,  condsting  of  sodio-magnedc  metaphosphate,  SMg^TK)*. 
2NaP0'.  The  syrupy  mass  is  left  to  cool,  afterwards  disrolved  in  cold  water, 
and  the  liquid  is  filtem.  The  filtrate  when  boiled  constitutes  a  solution  of  ortho- 
phosphoric  add,  contaminated  with  a  trace  of  sodium,  but  otherwise  pure.  To  obtain 
a  perfectly  pure  phosphoric  add,  recourse  must  be  had  dther  to  the  oxidation  of 
phosphorus  with  nitric  add  or  to  the  following  process. 

8.  From  Pentaehloride  of  Phosphorus. — Chlorine  is  passed  in  excess  through 
phosphorus  melted  under  water,  whereby  pentachloride  of  phosphorus  is  produced,  and 
immediately  decomposed  by  the  water  into  hydrochloric  and  orthophosphoric  adds : 

PC1»  +  4H*0     -    ffPO*  +  6HCL 

The  phosphoric  add  may  be  freed  from  hydrochloric  add  by  ebullition. 

Properties, — Orthophosphoric  add  may  be  obtained  in  hard,  tranmrent^  prismatic 
ayBtals,  by  concentrating  its  solution  to  a  thin  syrup,  and  then  allowing  it  to  stand  for 
some  time  over  oil  of  vitriol. 

According  to  Schiff  (Ann.  Ch.  Phaim.  cxiii.  183),  the  specific  gravity  of  the 
aqueous  solution  varies  with  its  strength  in  the  manner  shown  by  the  following 
table: 

Percmtage  of 

6     •        . 
12     .        .        . 
18     .        .        . 

The  aqueous  solution  may  be  heated  to  160^  without  alterinff  the  character  of  the 
add ;  but  at  213°  it  is  converted  prindpally  into  pyrophospEoric  acid,  while  above 
this  temperature  metaphoephoric  ada  bepns  to  be  formed,  and,  after  the  application  of 
a  full  rea  heat,  constitutes  the  entire  residue. 

Aqueous  orthophosphoric  add  has  a  strong  add  reaction,  and  at  a  boiling  heat 
decomposes  the  sialts  of  most  volatile  adds.  It  does  not  precipitate  solutions  of 
albumm,  chloride  of  barium,  nitrate  of  silver,  or  ferric  chloride,  until  completely  or 
partially  neutralised,  when  it  gives  the  reactions  presently  to  be  described. 

Orihophosphate8,^MB^PO*    and  M'H*P*0',  mofumetaUic  or  diacid   salts; 

M«HPO*  and  M''HPO*,  dimetaUio  or  monoaeid  salts ;  M»PO*,  M»P»0«,  and  M"TO*, 
trimeiaUiCf  neutral,  or  normal  salts.  There  are  also  superbadc  orthophosphates,  many 
of  which  occur  as  natural  minerals — e,a.  green  ironstone,  Fe'^0*.Fe  "HK)' ; 
turquois,  A1"P0*.A1"^«0«.H«0. 

Kany  other  phosphates  are  also  found  in  nature,  though  rarely  in  a  state  of  purity ; 
they  frequently  occur  mixed  in  various  proportions  with  arsenates,  with  which  taey  are 
isomorphous.  Several  native  phosphates  are  found  in  combination  with  fluorides  or 
chlorides— the  apatites  and  wagnerites,  fbr  example.  H.I)eville  and  Car  on  {Ann. 
Ch.  Phaim.  dx.  242)  have  prepared  crystallised  compounds  of  this  kind  by  igniting  a 
trimet^c  phosphate  with  an  excess  of  the  corresponding  chloride  or  fluoride,  and 
washing  out  the  excess  of  the  chloride  or  fluoride  from  the  crystallised  compound^ 
which  separates  on  cooling. 

The  phosphates  of  the  alkali-metals  are  usually  prepared  by  treating  phosphoric 
add  or  dicaldo  phosphate  (superphosphate  of  lime)  with  albdine  hydrates  or 
carbonates.  BicsJcic  phosphate  boiled  with  solution  of  sodio  carbonate  yields  the 
ordinary  disodic  phosphate,  and  from  this  the  monosodic  and  trisodie  salts  are 
obtained  by  the  addition  of  phosphoric  add  and  caustic  soda  respectively.  The 
potassium  and  ammonium-salts  may  be  prepared  in  a  similar  maimer.  Insoluble 
phosphate  are  prepared  by  predpitating  soluble  salts  of  the  respective  metals  with 
alkaline  phosphates. 

Among  trimetallic  phosphates,  those  only  of  the  alkali-metals  are  soluble  in  water. 
The  solutions  have  a  strong  alkaline  reaction,  whence  these  salts  were  formerly  called 


Speclflcpylty 

Perreatage  of 
H«PO<. 

Specific  gravltj 

10333 

24     .         .         , 

11463 

10688 

36     .         .         . 

1-2338 

11066 

64     .         .         . 

1-3840 
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basic  phosphates :  they  are  decomposed  even  by  carbonic  add,  producing  mixtures  of 
alkaline  carbonate  and  dimetallic  phosphate :  e.ff. — 

Na»PO*  +  H'CO*     -     Na«HPO«  +  NaHCO«. 

Among  dimetallic  phosphates,  those  of  the  alkali-metals  are  soluble  in  water.  They 
are  often  called  neutral  phosphates^  though  their  solutions  have  a  feebly  alkaline 
reaction.  The  remaining  dimetallic  phosphates  are  unstable,  and  generally  insoluble 
compounds,  which  have  a  stroug  tenaency  to  decompose  into*  soluble  monometallic  and 
insoluble  trimetallic  salts. 

The  monometallic  phosphates  are  all  soluble  in  water,  forming  strongly  acid  solu- 
tions. Most  trimetalhc  phosphates  dissolve  to  a  greater  or  less  extent  in  aqueous  phos- 
phoric, nitric,  and  hydrochloric  acids,  being  probably  converted  at  the  same  time  into 
monometallic  salts ;  but  monometallic  phosphates  of  the  heavy  metals  are  not^  except 
in  a  few  instances,  known  as  definite  compounds. 

Under  ordinary  circumstances  the  heavy  metals,  silver  and  lead  for  instance,  form 
only  one  class  of  orthophosphates,  vis.  the  trimetallic  phosphates;  consequently,  when 
a  solution  of  a  monometallic  or  dimetallic  phosphate  of  alkali-metal,  which  is  either 
neutral  or  slightly  alkaline  to  test-paper,  is  added  to  a  perfectly  neutral  solution  of 
nitrate  of  silver,  or  other  heavy  metallic  salt,  a  precipitate  of  trimetallic  phosphate  is 
produced,  and  free  acid  passes  into  the  solution,  so  that  the  liquid  acquires  a  strong  acid 
reaction  ;  e.  g, — 

NaH'PO*  +  3AgN0»    »    Ag«PO«  +   NaNO»  +  2HN0'. 
Na«HPO*  +  3AgN0»    «    Ag»PO*  +  2NaN0«  +   HNO«. 

'Reactions, — 1.  Soluble  orthophosphates  give  with  nitrate  of  silver  a  lemon-yellow 
precipitate  of  triargentic  phosphate,  Ag'PO^  soluble  in  nitric  acid  and  in  ammonia^ 

2.  With  acetate  or  nitrate  o/Uad  they  form  a  white  precipitate  of  triplumbic  phosphate, 

Pb*PK)',  insoluble  in  ammonia  and  acetic  acid,  soluble  in  nitric  acid.  If  a  chloride  is 
present,  the  preciptate  contains  chloride  of  lead  chemically  combined  with  the  phos- 
phate. Phosphate  of  lead  fused  before  the  blowpipe  forms  a  crystalline  bead  on  cooling. 

3.  With  Uie  chlorides  of  barium  and  calcium^  orthophosphates  give  white  pre- 
cipitates of  dimetallic  phosphates,  Ba'HPO*  and  Ca*HPO^  easily  soluble  in  nitric, 
hydrochloric,  and  acetic  acid. 

4.  With  sulphate  or  chloride  of  magnesium,  to  which  ammonia  and  chloride  of  am- 
monium have  been  added,  they  give  a  white  crystalline  precipitate  of.ammonio-mag- 
mesian  phosphate,  (NH^)*M^P*0M2H'0,  easily  soluble  in  all  acids,  slightly  soluble 
in  pure  water,  but  absolutely  insoluble  in  water  containing  free  ammonia,  even  in  presence 
of  excess  of  ammoniacal  salts.  In  very  dilute  solutions  the  precipitate  forms  very 
slowly ;  its  deposition  is  accelerated  by  scratching  with  a  glass  rod  the  inside  of  the  vessel 
containing  the  solution. 

5.  Wim  ferric  chioride^  soluble  orthophoephat.es  give  a  yellowish- white  precipitate  of 
ferric  phosphate,  Fe*TO\  soluble  in  hydrochloric  acid,  in  excess  of  ferric  chloride,  in 
ferric  acetate,  and  in  ammonia,  but  absolutely  insoluble  in  acetic  acid ;  so  that  it  forms 
when  acetate  of  sodium  is  added  to  its  solution  in  hydrochloric  ocid^  or  when  acetate 
of  sodium  and  a  little  ferric  chloride  are  added  to  the  solution  of  an  alkaline-earthy 
phosphate.* 

6.  Uranie  nitrate  behaves  with  soluble  orthophosphates  in  the  same  manner  as  ferric 
salts. 

7.  MercuroHs  nitrate  gives  with  soluble  orthophosphates  a  white  precipitate 
easil]^  soluble  in  nitric  acid.  If  the  solution  of  any  orthophospbate  in  excess  of  nitric 
add  is  evaporated  over  the  water-bath  to  complete  drvness  with  excess  of  metallic  mer- 
cury, and  tne  dry  residue  (which  contains  no  free  acid)  is  treated  with  water,  all  the 
metals  contained  in  the  phosphates  are  dissolved  as  nitrates,  while  the  whole  of  the 
phosphoric  acid  remains  undissolved  as  mercurous  phosphate.  This  reaction  is 
employed  by  H.  Bose,  for  the  separation  of  phosphoric  acid  from  all  metals  except 
mereory. 

8.  With  nitrate  of  bismuthf  soluble  orthophosphates  give  a  white  precipitate  of 
bismuth-phosphate,  Bi''PO\  insoluble  in  dilute  nitric  acid. 

9.  When  a  solution  of  molybdate  of  ammonium  is  added  to  the  solution  of  any  ortho- 
phosphate  containing  free  nitric  acid,  and  the  whole  is  heated,  the  solution  immediately 
turns  yellow,  and  a  bri^t  yellow  precipitate  of  phosphomolybdate  of  ammonium  is 
formed  either  immediatdy  or  after  some  time.  This  precipitate  is  insoluble  in  acids^ 
soluble  in  ammonia  or  in  excess  of  the  phosphate ;  hence  this  reaction  is  peculiarly 
fitted  for  the  detection  of  smaJI  traces  of  phosphoric  acid  (as  in  minerals,  soils,  or  the 
deposits  fh>m  mineral  springs). 

*  Arsenic  add  exhibits  tills  reaction  as  well  as  plinsptaorlc  acid  ;  and  aluininium-ftalts  are  precipitated 
under  the  same  circumstances,  ihoagh  not  so  oompleieljr  as  ferric  salts. 
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For  the  defection  of  orthophosphoric  acid  in  neutral  or  alkaline  solution^  chloride  of 
ttrnmonium,  ammonia^  and  a  magnesium-salt  are  generally  employed — in  an  acid  solution, 
ferric  chloride  and  acetate  oftodium.  The  most  delicate  reagent  of  all  is  molyhdate  of 
Ammonium,  Arsenic  acid,  which  exhibits  all  these  reactions,  is  easily  distinguished 
from  phosphoric  acid,  and  if  present  may  be  entirely  removed,  by  pnssing  sulphydric 
acid  gas  through  the  solution  previously  mixed  with  sulphurous  acid  (i  638).  Mnt  a- 
phosphorie  and  pyrophosphoric  acids  are  distinguished  from  orthophosphoric 
acid  by  their  reaction  with  nitrate  of  silver  (the  former  also  by  its  property  of  coagu- 
lating albumin,  p.  536);  also  by  molybdate  of  ammonium,  with  which  they  do  not 
produce. any  ydlow  precipitate  or  coloration  until  they  are  converted  by  the  free  nitric 
acid  present  into  orthophosphoric  acid. 

Tnmetallic  orthophosphates  of  fixed  bases  are  not  at  all  decomposed  by  ignition  ; 
dimetallic  and  monometallic  phosphates  are  converted  by  ignition  into  pyrophosphates 
and  metaphosphates  respectively.  The  trimetallic  phosphates  of  Hlkali-metals  and  alkaline 
earth-metals  are  not  decomposed  by  ignition  with  charcoal^  but  the  mono-  and  dimetallic 
phosphates  of  these  bases  are  decomposed  into  trimetallic  phosphates  and  free  phosphorus 
f  p.600).  The  trimetallic  phosphates  of  the  heavy  metals,  on  the  contrary,  are  decomposed 
by  ignition  with  ehareoaJ,  generally  yielding  metallic  phosphides;  but  the  lead-salt  yields 
metallic  lead  and  phosphorus- vapour.  The  several  phosphates  of  magnesium  when  heated 
with  charcoal  give  off  phosphorus  and  leave  magnesia.  Potaaeium  or  sodium  heated  with 
phosphates  effects  a  reduction  of  the  salts  and  formation  of  a  phosphide  of  the  alkali- 
metal,  which  gives  off  phosphoretted  hvdrogenwhen  moistened  with  water.  The  alka- 
line-earthy phosphates  are  only  partially  decomposed  by  fusion  with  an  alkaline  car^ 
bonate,  while  moist  other  insoluble  phospliates  {e,g.  those  of  magnesium,  zinc,  copper, 
manganese,  and  iron)  are  completely  decomposed  by  this  means;  the  fused  mass 
always  contains  orthophosphori<$  acid.  By  boiling  in  a  solution  of  caustic  alkali 
or  alLdine  carbonate  the  insoluble  phosphates  are  only  partially  or  not  at  all  decom- 
posed. Phosphate  of  aluminium  can  only  be  decomposed  (in  the  dry  way)  by  fusion 
with  its  own  weight  of  silica,  and  six  times  its  weight  of  sodiq  carbonate. 

Quantitative  Analysis  of  Phosphates:  Estimation  and  Separation  of 

Phosphoric  Acid. 

1.  Estimation  by  means  of  Lead-oxide. — ^When  phosphoric  acid  exists  in  a  solution 
containing  no  fixed  base,  and  no  other  acid  except  nitric  acid,  it  may  be  estimated 
by  adding  a  known  weight  of  lead-oxide^  then  evaporating  and  addning  in  the  manner 
abeady  described  for  the  estimation  of  hypophosphorous  acid  (p.  524).  This  method 
is  directly  applicable  to  the  estimation  of  phosphoric  acid  in  all  it«  modifications. 

2.  By  precipitation  as  Ammonio-ma^sian  Phosphate. — ^The  precipitation  of  ortho- 
phosphonc  acid  from  an  aqueous  solution  in  which  it  exists  in  the  free  state  or  oom- 
mned  with  an  alkaU,  is  best  effected  by  the  addition  of  sulphate  of  magnesium  and 
excess  of  ammonia,  chloride  of  ammonium  being  likewise  added  to  prevent  the  precipi- 
tation of  magnesia  in  the  form  of  hydrate.  The  phosphoric  acid  is  then  precipitated  as 
ammonio-magnesian  phosphate,  (NH*)'Mg'F'0*.  The  precipitate  does  not  settle  down 
at  once,  but  its  deposition  may  be  accelerated  by  leaving  the  vessel  in  a  warm  place. 
Care  must  be  taken,  however,  not  to  allow  the  liquid  to  become  very  hot^  as  in  that 
case  hydrate  of  magnesium  will  be  precipitated,  and  will  be  very  difficult  to  rediasolve. 
The  precipitate,  after  standing  for  about  two  hours,  is  collected  on  a  filter  and  waahed 
with  water  containing  ammonia,  as  pure  water  decomposes  it.  It  is  then  dried  and 
ignited,  whereby  it  is  converted  into  pyrophosphate  of  magnesium,  Mg'O.P'O*  or 
Hg'P'O^  containing  63-67  per  cent  of  phosphoric  anhydride,  F*0*,  and  27*98  per 
cent,  of  phosphorus. 

If  the  phosphoric  acid  is  in  the  state  of  meta-  or  pyrophosphoric  acid,  it  must  first  be 
converted  into  the  orthophosphoric  acid  by  fusing  the  salt  with  five  or  six  times  its  weight 
of  carbonate  of  sodium,  or,  better,  with  a  mixture  of  carbonate  of  potassium  and  car- 
bonate of  sodium  in  equivalent  proportions,  which  fuses  at  a  much  lower  temperature. 
By  this  fusion  with  excess  of  an  alkaline  carbonate  the  phosphoric  acid  is  in  most  cases 
completely  separated  from  any  other  base  wi^  which  it  may  be  combined,  and  converted 
into  a  tnbasic  phosphate  ox  the  alkali-metal,  which  may  then  be  treated  as  above. 
The  conversion  may  also  be  effi?cted  by  prolonged  boiling  with  water,  acids,  or  alkalis. 

3.  As  Phosphate  of  Bismuth. — In  a  solution  free  from  sulphuric  or  hydrochloric  acid, 
phosphoric  aad  may  be  correctly  estimated  by  precipitation  with  nitrate  of  bismuth.  The 

f recipitate  consists  ofbi8muth-phosphate,Bi"'PO*  or  Bi'0'.PK)*,containing23'28  percent. 
^O.  Pyrophosphoric  acid  is  also  completely  precipitated  by  nitrate  of  bismuth,  the  pre« 
cipitate2Bi'0'.3P'O  containing  31*28  per  cent.  PK)* ;  metaphoaphoric  acid  must  be  con- 
verted into  orthophosphoric  acid  by  boiling  with  nitric  acid.  Sulphuric  and  hydro- 
chloric acids,  if  present^  must  be  removed  by  precipitation  with  chbride  of  barium  and 
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nitraf 6  of  silTer  respectivelj,  the  Axcess  of  silver  in  the  latter  case  being  then  precipi- 
tated by  snlphydric  acicL  If  the  solution  contains  iron  in  the  state  of  ferric  salt^  uie 
phosphate  of  bismuth  is  but  slowly  precipitated,  and  always  contains  iron,  but  this  source 
of  error  may  be  obviated  by  reducing  the  ferric  oxide  to  ferrous  oxide  (best  with  sul- 
phydric  acid) ;  the  process  is  thus  rendered  available  for  the  estimation  of  phosphoric 
acid  in  soils,  coprolites,  iron  ores,  &c.  (Chancel,  Compt.  rend.  1.  416 ;  li.  882).  Ac- 
cording to  M'Curdy,  Brush,  and  Johnson,  however  (SilL  Am.  J.  [2]  xxxi.  281 : 
Jahresb.  1861,  p.  823),  the  alumina  in  such  substances  introduces  a  similar  error;  and 
the  process  is  likewise  inapplicable  to  solutions  containing  chromic  or  uranic  oxide. 

4.  Esiimatian  by  means  of  Stannic  Oxide, — This  method,  first  proposed  by  Rey  noso 
(Ann.  Ch.  Pharm.  Ixxx.  364 ;  Jahresb.  1851,  p.  613),  depends  on  tJie  insolubility  of 
stannic  phosphate  in  nitric  acid.  A  known  weight  of  pure  tin-foil,  and  the  substance 
in  which  the  phosphoric  acid  is  to  be  determined,  are  treated  simultaneously  with  an 
excess  of  nitnc  acid ;  the  liquid  is  filtered  as  soon  as  the  tin  is  completely  oxidised,  and 
the  residue  is  washed,  dried,  and  calcined.  Its  weight,  diminished  by  that  of  the  stsLunic 
oxide  formed  from  the  weight  of  tin  employed,  gives  the  quantity  of  phosphoric  anhy- 
dride present.    The  nitric  acid  solution  contains  all  the  bases  present. 

In  calcining  the  stannic  phosphate,  care  must  be  taken  to  allow  free  access  of  air,  as 
otherwise  part  of  the  stannic  oxide  may  be  reduced  by  the  carbonaceous  matter  of  the 
filter  or  of  the  flame ;  to  avoid  such  sources  of  error,  it  is  best  to  moisten  the  mass  with, 
nitric  add  before  calcining.  It  is  also  necessary  that  the  tin  be  quite  pure  and  added 
in  considerable  excess,  equal  to  eight  or  ten  times  the  weight  of  the  phosphoric  add  to 
be  estimated. 

A  modification  of  this  method  proposed  byBeissig  (Ann.  Ch.  Pharm.  xcviiL  339 ; 
Jahresb.  1856,  p.  726)  consists  in  dissolving  the  washed  predpitate  of  stannic  phos- 
phate in  caustic  potash,  diluting  with  water,  saturating  with  sulphydric  acid,  and  adding 
an  excess  of  acetic  or  dilute  sulphuric  acid,  which  predpitates  the  tin  as  stannic  sulphide. 
The  phosphoric  acid  remains  dissolved,  and  may  be  precipitated  from  the  filtrate  as 
ammonio-magnesian  phosphate. 

Precipitation  bv  Uranic  salts, — This  method,  first  proposed  by  Leconte  (Compt. 
rend.  xxix.  55 :  Jahresb.  1849,  p.  572 ;  1853,  p.  642),  and  afterwards  modified  by 
Arendt  and  Knopp  (J.  pr.  Chem.  Izx.  385;  Jahresb.  1856,  p.  728),  consists  in  pre- 
cipitating the  phosphoric  acid  by  a  solution  of  uranic  acetate.  This  solution,  prepared 
by  precipitating  uranic  nitrate  or  chloride  with  ammonia,  and  dissolving  the  precipitate 
in  acetic  acid,  without  previous  filtration,  is  added  to  the  solution  containing  the  phos- 
phoric add,  which,  if  it  contains  inorganic  adds  (it  is  best  to  dissolve  the  phosphate  in 
nitric  or  hydrochloric  add),  should  be  previously  mixed  with  acetate  of  sodium.  On 
heating  the  mixture,  a  vellow  precipitate  is  formed,  consisting  of  ammonio-uranic  phos- 
phate, which  is  reduced  by  ignition  to  uranic  pyrophosphate,  2XJ'0'.3P'0*.  The  bases 
previously  combined  witii  the  phosphoric  acid  remain  in  solution,  the  phosphates 
of  diatomic  metals,  barium,  calcium,  magnesium,  &c.,  being  easily  decomposed  in  this 
manner,  and  even  aluminic  and  ferric  phosphates  being  decomposed  by  prolonged 
heating  with  a  large  excess  of  uranic  acetate  in  presence  of  acetate  of  ammonium  and 
free  acetic  add;  but  the  method  is  not  much  used,  on  account  of  the  great  difiiculty  of 
thoroughly  washing  the  precipitate  of  ammonio-uranic  phosphate. 

6.  Estimation  by  means  of  Ferric  salts, — ^This  method,  proposed  byBerthier,  con- 
sists in  adding  to  the  solution  of  the  phosphate  a  solution  of  ferric  nitrate  or  chloride 
containing  a  known  quantity  of  iron  (best  prepared  by  dissolving  a  known  weight  of 
dean  iron-wire  in  nitro-muriatic  add),  and  precipitating  by  ammonia.  The  predpitate, 
consisting  of  ferric  phosphate  with  excess  of  ferric  oxide,  is  carefully  washed  with  hot 
water,  then  dried  and  ignited ;  its  weight,  diminished  by  that  of  the  ferric  oxide  pro- 
duced from  the  known  weight  of  iron,  gives  the  quantity  of  phosphoric  anhydride 
present. 

It  is  important  to  use  an  excess  of  iron  (at  leasts  1  pt.  of  iron  to  2  pts.  of  phosphorio 
anhydride  to  be  estimated),  otherwise  a  phosphate  of  iron  will  be  formed  which  dis- 
solves in  ammonia.  But  even  when  the  proper  quantity  of  iron  is  added,  there  is  still 
a  loss  of  ferric  oxide  during  the  washing  of  the  predpitate,  the  wash- water,  whether 
pure  water  or  water  containing  ammonia  be  used,  being  always  more  or  less  coloured : 
hence  this  method,  in  the  form  above  described,  cannot  be  depended  upon  when  great 
accuracy  is  required.  For  the  predpitation  of  pyrophosphoric  add,  a  still  larger  quan- 
tity of  iron  is  required  than  for  orthophosphoric  acid. 

Much  more  exact  results  are  obtained  by  nearly  neutralising  the  liquid  containing  the 
phosphoric  acid  and  the  ferric  salt  with  an  alkali  or  alkaline  carbonate,  then  adding  a 
considerable  quantity  of  sodic  acetate^  and  boiling.  The  whole  of  the  phosphoric  acid 
and  iron  are  thereby  precipitated  as  basic  ferric  phosphate,  mixed  with  basic  ferric 
acetate,  while  the  solution  becomes  perfectly  colourless,  and  does  not  retain  a  trace  of 
iron.     The  liquid  is  then  to  be  boiled,  filtered  while  still  hot,  and  washed  with  boiling 
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water  containing  a  little  acetate  of  ammonium.  The  washed  precipitate  is  dried  and 
calcined  in  a  platinum  crucible,  the  residue  then  moistened  with  a  little  nitric  acid, 
heated  again  and  weighed,  and  the  quantity  of  phosphoric  anhydride  calculated  as  before. 
The  method  thus  modified  may  be  used  for  the  separation  of  phosphoric  acid  from 
baryta^  strontia^  lime,  and  magnesia. 

Another  modification  of  Berthier's  method  introduced  by  Xobell  (J.  pr.  Chem. 
zxzvi.  301 ;  Jahresb.  1849,  p.  566)  consists  in  precipitating  the  solution  of  pnosphoric 
acid  and  ferric  oxide  with  carbonate  of  barium  instead  of  ammonia.  The  washed  and 
dried  pn^oipitate  is  weighed,  then  dissolved  in  hydrochloric  acid,  and  the  barium  is 
precipitated  by  sulphuric  acid.  The  weight  of  barytic  sulphate  thus  obtained  gires,  by 
calculation,  the  quantity  of  barytic  cairbonate  added;  and  this  weight,  together  with 
that  of  the  ferric  oxide  deducted  from  the  total  weight  of  the  precipitate,  gives  the 
quantity  of  phosphoric  anhydride.  This  method  may  be  used  for  the  separation  of 
phosphoric  acid  from  all  bases  which  are  not  precipitated  by  carbonate  of  barium. 

7.  By  Ceric  $alts, — A  solution  of  eerie  nitrate  or  sulphate  produces  in  the  nitric  acid 
solution  of  any  phosphate,  e.ff,  calcic,  ferric,  uranic,  or  aluminic  phosphate,  a  white  or 
slightly  yellowish  precipitate  of  ceric  phosphate  of  constant  composition  and  insoluble 
in  the  acid  liquid.  (D amour  and  H.  Deville,  Instit.  1858,  p.  69  ;  Jahresb.  1858, 
p.  593.) 

Volumetric  Methods. — The  volumetric  process  most  generally  used  for  the  estima- 
tion of  phosphoric  acid  is  that  of  Liebig,  which  depends  upon  the  insolubility  of  ferric 
phosphate  in  acetic  acid.  The  solution  containing  the  phosphoric  acid  is  mixed  with 
acetic  acid  or  acetate  of  sodium,  according  as  it  is  neutral  or  acid ;  and  a  solution  of  ferric 
chloride  or  ammonio-aluminic  sulphate  (ammonia-alum)  of  known  strength  is  added,  in 
quantity  just  sufficient  to  precipitate  the  whole  of  the  phosphoric  acid  as  ferric  phos- 
phate (Fe»0«.P»0*  or  Fe'^0*).  The  chief  difficulty  in  this  process  is  to  determine 
the  moment  when  the  precipitation  is  complete.  For  this  purpose,  Liebig  places  a 
drop  of  solution  of  ferrocyanide  of  potassium  on  a  piece  of  white  filter-paper,  leaves  it  to 
spread,  then  lays  another  piece  of  filter- paper  over  the  first,  and  places  on  it  a  drop  of  the 
liquid  to  which  the  ferric  phosphate  has  been  added.  This  liquid,  in  passing  through 
the  paper,  parts  with  the  ferric  phosphate  which  it  holds  in  subpension,  before  it  comes 
in  contact  with  the  solution  of  ferrocyanide  on  the  lower  piece  of  paper :  hence  no 
blueing  of  the  latter  will  take  place,  unless  the  liquid  contains  an  excess  of  ferric 
chloride.  The  addition  must,  therefore,  be  continuea  till  a  faint  blueing  of  the  ferro- 
cyanide just  begins  to  take  place.  This  method  is  used  by  Liebig  for  the  estimation 
of  phosphoric  acid  in  urine. 

Kaewsky  (Jahresb.  1847-8,  p.  945)  adds  an  excess  of  the  ferric  solution,  collects 
the  precipitated  ferric  phosphate  on  a  filter ;  dissolves  it^  after  washing,  in  hydrochloric 
acid ;  and  determines  the  quantity  of  iron  in  it  by  Margueritte's  method  with  per- 
manganate of  potassium  (i.  263) ;  and  thence  calculates  the  quantity  of  phosphoric  acid 
from  the  formuhi  Fe'"PO*. 

General  Methods  of  separating  Phosphoric  Acid  from  Bases, 

a.  By  Mcrcurous  Nitrate, — This  reaction,  already  mentioned  (p.  542),  affi)rds  the  means 
of  separating  phosphoric  add  from  all  bases  whatever.  The  phosphate,  or  mixture  of 
phosphates,  being  dissolved  in  nitric  acid,  the  solution  may  either  be  evaporated  to 
dryness  in  contact  with  metallic  mercury,  or  exactly  neutralised  with  caustic  potash  or 
soda,  and  then  mixed  with  mercurous  nitrate,  which  throws  down  the  mercury  as 
mercurous  phosphate. 

In  most  cases  the  first  of  these  methods  is  to  be  preferred.  The  solution  of  the 
phosphate  in  nitric  acid  is  placed  in  a  porcelain  basin,  and  pure  metallic  mercury  is 
a(l(]((l,  in  such  quantity  that  a  small  portion  may  remain  undissolved  by  the  nitric  acid. 
The  liquid  is  then  evaporated  to  complete  dryness  over  a  water-bath,  so  as  to  expel 
the  whole  of  the  free  nitric  acid ;  and  the  residue  is  treated  with  water,  which  dissolves 
all    the   bases  as   nitrates,   leaving  the  phosphoric  acid  undissolved  as  mercurous 

Shosphate.  This  salt,  after  drying,  is  mixed  in  a  platinum  crucible  with  an  excess  of 
ry  carbonate  of  sodium,  or,  better,  of  a  mixture  of  potassic  and  sodic  carbonates  in 
equivalent  proportions  ;  and  heated  over  a  lamp,  first  to  a  temperature  below  redness, 
and  not  sufficient  to  fuse  the  mass,  till  all  the  metallic  mercury  and  all  the  mercury- 
salts  excepting  the  phosphate,  are  expelled— then  to  the  highest  temperature  obtainable 
by  the  gas-fiame.  The  mercurous  phosphate  is  thereby  decomposed,  the  mercury  being 
expelled  and  an  alkaline  phosphate  produced.  This  when  cold  is  disserved  in  water, 
and  the  phosphoric  acid  precipitated  as  ammonio-magnesian  phosphate. 

This  method  gives  very  exact  results,  provided  care  be  taken  to  dry  the  residue 
obtained  on  evaporating  the  nitric  acid  solution  very  completely,  so  that  no  free  nitrio 
acid  may  remain  to  hold  any  of  the  original  phosphate  in  solution,  and  in  fusing  the 
Vol.  ly.  N  N 
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mercnrous  phosphate  with  alkaline  carbonate,  to  regulate  the  heat  very  carefully  in 
the  manner  above  described,  so  as  to  avoid  loss  by  bpirting.  When  properly  carried 
out,  it  is  regarded  by  Kose  as  the  best  of  all  methods  of  separating  phosphoric  acid 
from  bases.  It  is  moreover  applicable  in  the  manner  just  described  to  the  analysis  of 
all  phosphates  excepting  those  of  iron  (ferricum)  and  aluminium,  in  which  oases  it  requires 
certain  modifications.  The  nitrates  of  these  bases  when  evaporated,  even  at  the  heat  of 
the  water-bath,  give  off  part  of  their  nitric  acid,  and  are  thereby  rendered  to  a 
great  extent  insoluble  in  water,  so  that  when  their  nitric  aci  I  solution  is  evaporated 
m  contact  with  metallic  mercury,  and  the  residue  treated  with  water,  a  small  portion 
only  of  the  iron  or  aluminium  passes  into  the  aqueous  solution,  the  larger  portion 
remaining  undissolved,  together  with  the  mercnrous  phosphate.  In  the  case  of  iron 
the  process  requires  but  little  alteration,  tor  when  the  dried  residue  is  ignited  with  the 
alkaline  carbonate,  the  ferric  phosphate  is  completelv  decomposed ;  so  that,  on  treating 
the  fused  mass  with  water,  the  wnole  of  the  phosphoric  acid  passes  into  solution  as 
before,  while  the  iron  remains  as  ferric  oxide,  and  its  amount  may  be  added  to  that 
which  has  passed  into  solution  as  nitrate.  In  the  case  of  aluminium,  however,  the 
process  in  this  form  it)  no  longer  applicable,  for  aluminic  phosphate  is  but  very  im- 
perfectly decomposed  by  fusion  with  alkaline  carbonates.  In  this  case,  therefore,  it  is 
necessary  to  adopt  the  second  form  of  the  process  above  mentioned,  which  consists  in 
precipitating  the  neutralised  solution  of  the  phosphate  in  nitric  acid  with  mercnrous 
nitrate,  separating  the  precipitated  mercnrous  phosphate  by  filtration,  washing  it  with 
water  containing  a  little  mercnrous  nitrate,  and  decomposing  it  when  dry  by  fusion 
with  alkaline  carbonate,  as  above.  The  filtrate  contains  all  the  aluniinium,  together 
with  the  excess  of  mercnrous  salt.  The  greater  part  pf  the  mercury  is  precipitated  from 
it  by  hydrochloric  acid  ;  a  smaller  portion,  which  has  passed  into  the  state  of  mercuric 
salt  and  still  remains  dissolved,  is  separated  by  sulphvdric  acid  ;  and  in  the  remaining 
solution  the  aluminium  is  determined  by  the  usual  methods.  If  any  of  the  alkaline  earths 
are  also  present,  especially  lime,  this  last  mode  of  separation  cannot  be  applied,  because  a 
small  quantity  of  earthy  phosphate  is  then  precipitated,  together  with  the  mereutous 
phosphate. 

For  full  details  of  the  preceding  process,  see  H.  R o  s  e.  ( Tratte  de  Chimie  Analytiq»e, 
ii.  708.) 

fi.  By  Nitrate  of  Silwr  or  Nitric  Acid  and  Metallic  Silver. — The  mode  of  proceeding 
is  similar  to  that  with  mercnrous  nitrate,  excepting  that  when  the  phosphoric  acid  is 
precipitated  from  the  neutralised  solution  by  nitrate  of  silver,  the  phosphate  of  silver 
must  be  collected  on  a  tared  filter,  and  weighed  after  drying  at  100^. 

7.  Precipitation  by  Molybdate  of  Ammonium. — The  molybdic  solution  is  prepared  by 
dissolving  1  pt.  of  molybdic  trioxide  in  8  pts.  of  strong  aqueons  ammonia,  and  mixing 
the  solution  with  20  pta.  of  nitric  acid.  This  liquid  is  added  to  the  solution  of  the 
phosphate  in  nitric  acid,  in  such  proportion  that  the  quantity  of  molybdic  trioxide 
may  be  thirty  or  forty  times  as  great  as  that  of  the  phosphoric  acid  to  be  determined. 
The  liquid,  together  with  the  resulting  yellow  precipitate,  is  digested  for  several  hours 
at  a  rather  high  temperature,  and  the  precipitate  is  washed  on  a  filter  with  the  liquid 
which  has  been  used  for  the  precipitation.  The  yellow  precipitate  is  then  dissolved 
off  the  filter  by  ammonia,  and  the  phosphoric  acid  is  precipitated  from  the  filtrate  as 
aromonio-magnesian  phosphate. 

This  method  serves  for  the  separation  of  phosphoric  acid  from  the  alkaline  earths, 
the  other  earthy  oxides,  and  likewise  from  alumina,  ferric  oxide,  and  many  other 
metallic  oxides  ;  but  it  cannot  be  depended  upon  for  giving  exact  results,  excepting 
when  the  quantity  of  phosphoric  acid  to  be  determined  is  very  f«mall.  PjTophowpnoric 
and  metaphosphoric  acids,  to  be  determined  by  this  method,  must  first  be  converted  into 
orthophosphoric  acid  by  prolonged  boiling  with  nitric  acid. 

Lipowitz  (Pogg.  Ann.  cix.  135;  Jahresb.  1860,  p.  700)  dissolves  2  pts.  molybdic 
trioxide  in  a  warm  solution  of  1  pt.  tartaric  acid  in  15  pts.  water ;  adds  10  pts.  aqueoua 
ammonia  of  specific  gravity  0*97,  and  15  pts.  nitric  acid;  heats  the  whole  to  boiling; 
filters  from  a  small  quantity  of  molybdic  trioxide  which  separates  ;  and  uses  the  resulting 
solution  for  the  quantitative  estimation  of  phosphoric  acid  by  direct  precipitation.  For 
this  purpose  a  quantitv  of  the  solution  (about  5  or  6  c  c.  to  0*05  grm.  phosphoric 
anhydride,  to  be  determined)  is  heated  to  boiling  in  a  porcelain  dish,  the  acidulated  solu- 
tion of  the  phosphate  is  added,  the  yellow  precipitate  is  collected  on  a  weighed  filter, 
washed  with  water  containing  g'^th  of  nitric  acid,  and  dried  at  20° — 30°,  or  better,  over 
oil  of  vitriol,  and  weighed.     It  contains,  according  to  Lipowitz,  3607  per  cent.  P'O*. 

It  must  be  observed,  however,  that  the  yellow  precipitate  is  soluble  in  a  large 
quantity  of  tartaric  acid.     (H.  Rose.) 

y.  By  Srdphuric  Acid  and  Alcohol. — As  many  sulphates,  especially  those  contiiining 
strong  bases,  are  insoluble  in  alcohol,  the  separation  of  phospnoric  acid  from  the  cor- 
responding bases  may  be  effected  by  mixing  the  solution  of  the  phosphate  in  wator. 
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nitric  acid,  or  hydrochloric  acid,  with  sulphuric  acid  and  with  alcohol — the  base  being 
then  precipitated  as  sulphate,  while  the  phosphoric  acid  remains  dissolyed  in  the 
alcohol.  This  method  is  found,  howerer,  to  give  exact  results  only  when  applied 
to  the  phosphates  of  the  alkaline  earth-metals  and  phosphate  of  lead.  With  othor 
bases  an  error  of  4  per  cent,  sometimes  arises,  even  when  the  analysis  is  peiformed  with 
all  possible  care,  and  ether  is  added  as  well  as  alcohol. 

8.  By  fusion  with  Alkaline  Carbonates, — Many  phosphates  are  completely  decom- 
posed by  fusion  with  excess  of  alkaline  carbonate,  a  mixture  of  potassic  and  sodic 
carbonates  in  equivalent  proportions  being  the  most  convenient  for  the  purpose.  The 
phosplintes  of  the  heavy  mptals  are  for  the  most  part  easily  decomposed  in  this  manner, 
but  the  phosphates  of  the  alkaline  earth-metals,  and  especially  phosphate  of  calcium,  are 
but  imperfectly  decomposed  thereby,  and  must  therefore  be  treated,  by  other  methods. 
The  decomposition  by  fusion  with  alkaline  carbonate,  when  it  can  be  applied,  is 
especially  convenient  for  the  analysis  of  phosphates  mixed  with  sulphates,  chlorides, 
and  other  salts,  the  several  acids  passing,  together  with  the  phosphoric  add,  into  the 
state  of  alkaline  salts. 

e.  By  Tartaric  or  Citric  Add. — The  precipitation  of  many  metals  from  solutions  of 
their  salts  by  alkalis,  is  prevented  by  the  presence  of  certain  fixed  organic  substances, 
tartaric  and  citric  acid  among  the  number.  Hence  the  separation  of  phosphoric  acid 
from  such  bases  may  be  effected  by  adding  to  the  solution  of  the  phosphate  a  consider- 
able quantity  of  tartaric  or  citric  acid,  then  an  excess  of  ammonia,  sal-ammoniac,  and 
sulphate  of  magnesium.  The  phosphoric  acid  is  then  precipitated  as  ammonio-magne- 
Bian  phosphate,  while  the  bases  remain  in  solution.  When  tartaric  acid  is  used,  as 
originally  proposed  by  Otto,  a  small  quantity  of  tartrate  of  magnesium  is  frequently 
precipitated,  together  with  the  ammonio-magnesian  phosphate,  and  is  difficult  to  get 
rid  of:  hence  R.  Warington,  Jun.  (Ghem.  Soc.  J.  xvi.  304),  recommends  the  use  of 
citric  acid,  which  does  not  introduce  this  source  of  error.  Sometimes  a  small  quantity 
of  the  base  is  precipitated,  together  with  the  phosphate,  in  spite  of  the  presence  of  the^ 
organic  acid«     To  guard  against  this  source  of  error,  it  is  best  to  redissolve  the  preci-* 

?itate  in  hydrochloric  acid,  again  add  citric  acid,  and  supersaturate  with  ammonia. 
*he  ammonio-magnesian  salt  is  then  reprecipitated  in  a  state  of  perfect  parity. 
This  method  is  em]^oyed  chiefly  for  the  separation  of  phosphoric  acid  from  ferric 
oxide  and  alumina.  From  the  liom'd  filtered  from  the  precipitated  phosphate,  iron 
is  precipitated  by  sulphide  of  ammonium ;  but  aluminium,  which  is  precipitated  by 
this  reagent,  not  as  sulphide  but  as  hydrate,  cannot  be  separated  thereby,  or  by  am- 
monia or  alkaline  carbonates,  from  the  solution  under  consideration,  on  account  of  the 
organic  matter  present.  To  effect  its  separation,  the  solution  is  mixed  with  a  quantity 
of  sodic  carbonate  sufficient  to  decompose  all  the  chloride  of  ammonium  present,  then 
evaporated  to  dryness;  and  the  residue  is  ignited  to  burn  away  the  greater  part  of  the 
organic  matter,  then  digested  in  hydrochloric  add,  which  dissolves  part  of  the  alumina 
and  all  the  magnesia  present,  leaving  a  mixture  of  alamina  and  charcoal.  This  residue 
is  either  calcined  a  second  time,  to  bum  away  the  remaining  charcoal,  or,  better,  it 
is  fused  with  a  mixture  of  nitre  and  alkaline  carbonate.  In  the  latter  case  the 
alkaline  salts  may  be  dissolved  out  by  water,  leaving  a  residue  of  alumina  easily 
soluble  in  hydrochloric  add.  In  the  former,  the  alumina  is  left  in  a  difficultly  soluble 
state,  and  to  render  it  soluble  it  must  be  fiiscd  with  acid  sulphate  of  potassium ;  the  fused 
mass  then  dissolves  completely  in  water.  The  solution  of  alumma  thus  obtained  is 
added  to  the  other  portion,  and  the  alumina  precipitated  by  ammonia  in  the  usual 
manner.  The  decomposition  of  the  chloride  of  ammonium  before  calcination  is 
essential,  because  that  salt  in  volatilising  would  carry  with  it  a  portion  of  the  aluminium 
in  the  form  of  chloride. 

C  By  Carbonate  of  Barium. — The  separation  of  phosphoric  acid  by  means  of 
carbonate  of  barium  and  a  ferric  salt  has  already  been  described  (p.  644).  Carbonate 
of  barium  alone  does  not  precipitate  phosphoric  acid  completely  from  its  aqueous 
solution ;  but  if  the  phosphate  of  any  base  not  precipitated  by  carbonate  of  barium, 
the  alkaline  earths  and  magnesia  for  example,  be  dissolved  in  nitric  or  hydrochloric 
acid,  carbonate  of  barium  will  precipitate  all  the  phosphoric  acid,  together  with  any  of 
the  weaker  bases  (such  as  alumina,  ferric  oxide,  or  chromic  oxide)  that  may  also  be 
present,  leaving  the  stronger  bases  in  solution.  This  method  may  be  applied  to  the 
analysis  of  mixtures  of  earthy  phosphates,  such  as  occur  in  soils,  coprolites,  guano,  artifi- 
cial manures,  &c,  in  which  the  presence  of  alumina  interferes  with  the  separation  by  nitric 
acid  and  metallic  mercury.  The  phosphate  having  been  dissolved  in  nitric  or  hydro- 
chloric acid,  and  the  solution  boiled  for  some  time,  to  convert  any  pyrophosphoric  add 
that  may  be  present  into  orthophosphoric  add,  carbonate  of  barium  is  to  be  added,  till 
the  free  acid  is  completely  saturated,  and  the  liquid  left  to  stand  for  a  few  days,  with 
frequent  agitation.  The  washed  predpitate,  containing  alumina  and  ferric  oxide  to- 
gether with  phosphate  and  carbonate  of  barium,  is  then  to  be  dissolved  in  hydrochloric 
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acid,  aod  the  barium  precipitated  by  sulphuric  acid.  The  filtrate  may  be  treated  with 
citric  acid,  ammonia,  and  sulphate  of  magnesium,  to  precipitate  the  phosphoric  acid, 
and  the  ferric  oxide  and  alumina  which  remain  in  solution  may  be  separated  by  the 
usual  methods.  The  solution  filtered  from  the  precipitate  formed  by  the  carbonate  of 
barium  is  free  from  phosphoric  acid,  but  contains  the  nitrates  or  chlorides  of  calcium, 
magnesium,  and  the  alkali-metals,  together  with  nitrate  or  chloride  of  bariam.  It 
is  freed  from  barium  by  sulphuric  acid;  the  neutralised  filtrate  is  then  treated  with 
oxalic  acid  to  precipitate  the  calcium ;  and  the  magnesium  and  alkali-metals  arc  sepa- 
rated by  the  methods  described  under  Magnksittx  (iii.  753). 

When  calcium  is  present  in  considerable  quantity,  the  washing  of  the  last-mentioned 
precipitate  of  sulphate  of  barium  is  rery  te'lious  and  difficulty  on  account  of  the  sparing 
solubility  of  the  sulphate  of  calcium  with  which  it  is  mixed.  In  this  case  it  is  best, 
after  washing  out  the  more  soluble  sulphates  with  water,  to  treat  the  remaining  pre- 
cipitate with  a  solution  of  carbonate  of  ammonium,  whereby  the  remaining  sulphate  of 
calcium  is  converted  into  carbonate;  then,  after  washing,  dissolve  out  the  carbonate 
of  calcium  with  hydrochloric  acid,  and  add  the  solution  to  that  containing  the  other 
bases.    (H.  Rose,  TraiU  de  Chimie  AntUytique,  ii.  719.) 

Special  Methods  of  Separation. — From  metals  whose  sulphides  are  insoluble 
in  acids  (copper,  lead,  mercury,  &c.)  phosphoric  acid  is  easily  separated  by  passing 
sulpbydric  acia  gas  through  an  acid  solution  of  the  salt  The  phosphoric  acid  may  then 
be  precipitated  from  the  filtrate  as  ammonio-magnesian  phosphate. 

Phosphate  of  zinc  dissolved  in  acetic  acid  may  also  be  decomposed  by  sulphydric 
acid. 

The  phosphates  of  iron,  magnesium,  nickel,  cobalt,  and  uranium  are  decom- 
posed by  sulphide  of  ammonium,  the  metals  being  separated  as  sulphides ;  but  this  mode 
of  separation  is  not  found  to  give  exact  results,  excepting  in  the  case  of  iron.  A  better 
method  is  to  fuse  the  phosphates  with  an  alkaline  carbonate  (p.  546).  In  the  case  of 
uranium,  however,  the  separation  by  this  method  is  not  complete,  a  certain  quantity 
of  nranic  oxide  always  passing  into  solution  together  with  alkaline  phosphate  and 
carbonate.  To  obtain  complete  separation,  the  salt  must  be  fused  with  about  three 
times  its  weight  of  a  mixture  of  carbonate  of  &o<Uum  and  cyanide  of  potassium ;  the 
uranium  is  then  wholly  separated  as  protoxide.  The  fused  mass  is  digested  with  water 
containing  sal-ammoniac  (if  pure  water  is  used,  the  uranoiu3  oxide  separates  in  a  very 
finely-divided  stat«,  and  runs  through  the  filter)  ;  the  phosphoric  acid  is  precipitated 
from  the  filtrate  as  ammonio-magnesian  phosphate  ;  and  the  insoluble  uranous  oxide, 
which  retains  a  small  portion  of  alkali,  is  dissolved  in  nitric  acid,  precipitated  by  am- 
monia, washed  with  water  containing  a  little  sal-ammoniac,  ignited  in  a  stream  of 
hydrc^en,  and  weighed. 

A  similar  method  serves  for  the  separation  of  phosphoric  acid  from  the  oxides  of 
chromium.  The  chromic  oxide,  which  remains  undissolved  after  the  alkaline  phos- 
phates, &c.  have  been  washed  out,  likewise  retains  a  small  quantity  of  alkaline  salt,  to 
free  it  from  which,  it  must  be  fused  with  nitre  and  sodic  carbonate,  and  the  resulting 
chromic  acid  precipitated  by  mercnrous  nitrate,  or  reduced  to  chromic  oxide  by  any  of 
the  methods  described  under  Chromium  (i.  944). 

From  yttria,  thorina,  and  the  oxides  of  cerium,  lanthanum,  and  didy- 
mium,  phosphoric  acid  is  easily  separated  by  adding  oxalic  acid  or  oxalate  of  am- 
monium to  the  nearly  neutralised  solution  of  the  phosphate  in  nitric,  hydrochloric,  or  sul- 
phuric acid.  The  metal  is  th  en  completely  separated  as  oxalate,  and  the  pnosphoric  acid  may 
be  precipitated  from  tiie  filtrate  as  ammonio-magnesian  phosphate.  The  treatment  with 
nitric  acid  and  metallic  mercury  may  also  be  applied  to  the  separation  of  phosphoric 
acid  from  these  bases,  as  well  as  from  glucina  and  zireonia. 

From  alumina,  phosphoric  acid  is  most  easily  separated  by  means  of  citric  acid, 
ammonia,  and  a  magnesium-salt,  as  already  described  (p.  547).  An  older  mode  of 
separation,  proposed  by  Berzelius,  is  to  ignite  the  aluminic phosphate  with  2i  pts.  of 
finely-divided  silica  and  6  pts.  of  sodic  carbonate.  The  ignited  mass  (which  does  not 
fuse)  is  digested  with  water,  which  dissolves  sodic  phosphate  and  carbonate,  and  a 
small  quantity  of  sodic  silicate,  leaving  the  alumina  and  the  greater  part  of  the  silica 
undissolved;  the  filtered  solution  is  mixed  with  excess  of  hydrochloric  acid,  and  evapo- 
rated finally  over  the  water-bath,  to  render  the  silica  completely  insoluble ;  the  residue 
is  boiled  with  water ;  and  the  phosphoric  acid  precipitated  from  the  filtered  liquid  as 
ammonio-maffnesian  phosphate.  The  insoluble  residue  containing  the  alumina  ia 
treated  with  hydrochloric  acid  and  evaporated  to  dryness ;  the  residue  is  moistened 
with  hydrochloric  acid,  boiled  up  with  water,  and  filtered  to  separate  the  silica ;  and 
the  alumina  is  precipitated  from  the  solution  by  ammonia  or  carbonate  of  ammonium. 
A  modificiition  of  this  method,  proposed  by  Fuch  s,  consists  in  dissolving  the  aluminia 
phosphate  in  caustic  potash,  adding  silicate  of  potassium  (soluble  glass)  and  boiling, 
whereby  all  the  alumina  is  precipitated  as  silicate  of  aluminium  and  potassiam,  while 
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phosphate  of  potassiam  remains  in  solution.  From  this  solution  the  phosphoric  acid 
IS  precipitated  as  ammonio-magnesian  phosphate,  and  the  precipitated  silicate  is  treated 
as  above  for  the  determination  of  the  alumina. 

From  baryta,  phosphoric  acid  is  most  easily  separated  by  treating  the  solution  of 
the  compound  in  hydrochloric  acid  with  sulphuric  acid,  which  precipitates  the  baiyta ; 
from  strontiain  like  manner,  with  addition  of  alcohol. 

From  lime,  phosphoric  acid  is  easily  separated  by  precipitating  the  base  as  oxalate 
from  the  solution  of  the  phosphate  in  acetic  acid,  or  in  hydrochloric  or  nitric  acid  mixed 
with  acetate  of  sodium  or  ammonium;  from  magnesia  by  fusion  with  an  alkaline 
carbonate,  &c  (p.  546),  phosphate  of  magnesium  being  completely  decomposed  by  this 
treatment! 

When  lime  and  magnesia  occur  together  as  phosphates,  as  in  bone-earth  and 
plant-ashes,  the  substance  may  be  dissolved  in  hydrochloric  acid ;  the  lime  precipi- 
tated by  oxalate  of  ammonium  as  above ;  and  the  filtrate  treated  with  excess  of  am- 
monia, which  throws  down  a  precipitate  of  ammonio-magnesian  phosphate,  leaving 
a  solution  still  containing  phosphoric  acid  or  magnesia,  according  as  one  or  the  other 
is  in  excess.  In  the  former  case  the  phosphoric  acid  is  precipitated  by  addition  of  a 
magnesium-salt ;  in  the  latter,  the  magneaia  is  precipitated  by  addition  of  a  soluble 
phosphate. 

Such  mixtures  or  compounds  may  also  be  analysed  by  treatment  with  nitric  acid  and 
metallic  mercury,  but  not  by  precipitation  with  solution  of  mercurous  nitrate  (p.  546), 
because  a  certain  quantity  of  calcic  phosphate  is  always  precipitated  at  the  same  time. 
Fusion  with  an  alkaline  carbonate  is  not  applicable  to  them,  because  phosphate  of  cal- 
cium is  but  very  imperfectly  decomposed  thereby. 

From  the  alkalis,  phosphoric  acid  may  be  separated  by  precipitation  with  acetate 
of  lead.  The  precipitated  phosphate  of  lead  must  be  weighed  when  dry,  the  quantity  of 
lead  contained  in  it  determined,  and  thence  the  quantity  of  phosphoric  acid  may  be  cal- 
culated. The  solution  containing  the  alkalis  and  the  excess  of  lead-salt  is  treated  with 
carbonate  of  ammonium  to  precipitate  the  lead ;  the  filtrate  is  then  acidulated  with 
sulphuric  or  hydrochloric  acid;  and  the  alkalis  are  estimated  as  sulphates  or  chlorides. 

The  separation  is,  however,  more  e^isily  effected  by  means  of  nitnc  acid  and  metallic 
mercuiy,  especially  in  the  case  of  the  lithium -phosphates,  which  are  but  slightly 
soluble  in  water.  The  same  method  is  also  the  best  adapted  for  analysing  the  in- 
soluble compounds  which  the  alkaline  "phosphates  form  with  those  of  calcium  and  mag- 
nesium. If  alumina  is  also  present^  it  is  best^  as  already  observed,  to  adopt  the  method 
of  separation  by  means  of  carbonate  of  barium  (p.  547).  The  method  of  separation  by 
oeric  salts  mieht  also  be  applicable  to  such  mixtures  (p.  545). 

When  all  the  phosphoric  acid  in  an  alkaline  phosphate  is  in  the  state  of  orthophos- 
phoric  acid,  it  may  be  completely  separated  by  the  easier  mode  of  precipitation  with  a 
solution  of  mercurous  nitrate. 

Separation  of  Phosphoric  Acid  from  other  Acids, 

From  sulphuric  acid,  phosphoric  acid  is  easily  separated  by  precipitating  the 
former  as  sulphate  of  barium  from  an  acid  solution  ;  if,  however,  metaphosphoric  acid 
is  present,  it  must  first  be  converted  into  pyro-  or  orthophosphoric  acio,  otherwise  the 
separation  will  not  be  complete. 

From  selenious  acid,  phosphoric  acid  is  separated  by  precipitating  the  selenium 
with  sulphurous  acid ;  the  phosphoric  acid  may  then  be  precipitated  from  the  filtrate 
as  ammonio-magnesian  phosphate.  Ifselenio  acid  is  present,  it  must  first  be  re- 
duced to  selenious  acid  bv  means  of  hvdrochloric  acid.  Precipitation  with  barium- 
salts  does  not  effect  complete  precipitation.    ^See  Sslbnitth.) 

The  same  method  serves  for  the  separation  of  phosphoric  acid  from  the  adds  of 
tellurium. 

From  hydrochloric,  h^drobromic,  and  hydriodic  acids,  phosphoric  acid 
is  easily  separated  by  precipitating  the  former  acicus  with  nitrate  of  silver  in  acid  solu- 
tion. The  phosphoric  acid  may  be  precipitated  from  the  filtrate  as  triargentic  phos- 
phate, by  careful  neutralisation  with  an  alkali ;  or,  better,  the  excess  of  silver  may  be 
removed  from  the  solution  by  hydrochloric  acid,  and  the  phosphoric  acid  then  precipi- 
tated as  ammonio-magnesian  phosphate. 

Respecting  the  separation  of  phosphoric  from  hydrofluoric  acid,  see  Fluobikh 
(ii.  676). 

From  boric  acid,  phosphoric  acid  may  be  separated  in  several  ways : — a.  The  phos- 
phoric add  may  first  be  thrown  down  as  ammonio-magnesian  phosphate,  and  the  boric 
acid  then  determined  in  the  filtrate  by  the  methods  specially  adapted  to  it  (i.  630). — 
$.  The  solution  of  a  phosphate  and  a  borate  in  hydrochloric  or  nitric  acid  is  treated  with 
carbonate  of  barium,  whereby  the  phosphoric  add  is  precipitated  as  phosphate  of 
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barium,  while  the  whole  of  the  boric  acid  remains  in  solution.  This  mode  of  sepamtiott 
is  not,  however,  quite  exact,  as  phosphate  of  barium  is  not  completely  insoluble  in  a 
liquid  containing  boric  acid. — 7.  When  the  two  acids  exist  in  solution  in  combi- 
nation with  alkalis  alone,  they  may  be  separated  by  addition  of  acetate  of  potassium, 
which  throws  down  the  whole  of  the  boric  acid  as  hydrofluoborate  of  potassium 
(i.  633),  leaving  the  phosphoric  acid  in  solution. 

From  silicates. — If  the  silicate  is  easily  decomposible  by  adds,  the  whole  of  the 
phosphoric  acid  will  be  found  in  the  acid  liquid  obtained  by  treating  it  with  an 
acid,  and  filtering  from  the  silica.  If  the  silicate  is  free  from  alumina,  it  may  be  de- 
composed by  nitric  acid,  the  resulting  liquid  evaporated  to  dryness  over  a  water-bath, 
the  silica  separated  in  the  usual  manner,  and  the  phosphoric  acid  separated  from  the 
bases  in  the  filtrate  by  means  of  nitric  acid  and  metallic  mercuiy. 

In  silicates  of  aluminium  containing  no  other  base,  phosphoric  acid  may  be  separated 
by  fusing  the  compound  with  an  alkaline  carbonate,  and  treating  the  product  in  the 
manner  already  described  (p.  548),  the  weight  of  the  silica  being  of  course  likewise 
determined.  If  the  substance  to  be  analysed  contains  large  quantities  of  phosphoric  acid 
and  alumina  in  proportion  to  the  silica,  it  will  be  necessary  to  add  a  quantity  of  finely- 
divided  silica,  in  the  proportion  of  about  1^  pt  silica  to  2  pts.  of  the  aluminie  phosphate. 
The  weight  of  this  quantity  of  silica  must  then  be  deducted  from  the  total  weight  of 
that  substance  obtained  in  the  analysis.  But  when,  as  is  more  generally  the  case,  the 
silicate  contains  other  bases,  and  especially  lime,  it  must  be  decomposed  by  an  acid, 
best  with  hydrochloric  acid,  the  silica  separated,  and  its  quantity  aetermined  in  the 
usual  way  (see  p.  648,  also  Silicon)  ;  and  the  phosphoric  acid  and  bases  in  the  filtrate 
separated  by  carbonate  of  barium  in  the  manner  already  described  (p.  647). 

Silicates  undecomposible  by  acids  must  be  fused  with  an  alkaline  carbonate,  the 
silica  separated  by  hydrocliloric  add,  and  the  filtrat-e  treated  as  above,  according  to  the 
bases  present.  If  alkalis  are  present,  they  must  be  determined  by  a  spedal  analysis, 
the  silicate  being  decomposed  by  hydrofiuoric  add.  (H.  Rose,  TraiU  de  Chimie  Analp' 
tique^  ii.  896.) 

For  the  methods  of  determining  phosphoric  add  and  fluorine  when  they  occur  to- 
gether in  silicates,  see  Silicates. 

From  titanic  acid. — ^Phosphoric  acid  forms  with  titanic  acid  an  insoluble  com- 
pound, which  may  be  decomposed  by  fusion  with  an  alkaline  carbonate.  On  treating 
the  fused  mass  with  water,  an  alkaline  titanate  retnains  undissolved,  while  the  alkaline 
phosphate  dissolves. 

From  molybdic  acid,  phosphoric  add  is  separated  by  sulphide  of  ammonium, 
the  molybdenum  being  dissolved  thereby  as  trisulphide,  which  may  be  precipitated  by 
an  acid.  In  the  filtrate,  the  phosphoric  add  is  predpitated  as  ammonia-magnesian 
phosphate. 

From  yanadic  acid,  phosphoric  acid  is  separated  by  solution  of  sal-ammoniac,  in 
which  vanadate  of  ammonium  is  insoluble.  The  precipitate  is  first  washed  with  water 
containing  sal-ammoniac,  then  with  alcohol,  and  transformed  into  vanadic  anhydride 
by  carefiu  heating.  The  phosphoric  add  is  predpitated  from  the  filtrate  as  ammonio- 
magnesian  phosphate^ 

Metallic  Phosphates, 

Fbospbates  of  Alnmliiiiim.  a,  Metaphosphate,  A1*0'.3P0*  and  A1"T*0* -* 
Prepared  by  dissolving  hydrate  of  aluminium  in  excess  of  aqueous  phosphoric  acid, 
evaporating,  and  heating  the  residue  to  316^.  It  is  a  white  anhydrous  salt,  insoluble 
in  water  and  in  concentrated  adds.    (Maddrell,  Chem.  Soc.  Mem.  iii.  373.) 

fi.  Or  thop  hasp  hates. — Hydrated  orthophosphates  of  aluminium  occur  in  many 
minerals  often  associated  with  other  salts.  Gibbsite,  kalaite,  peganite,  fischerite,  and 
wavellite  are  hydrated  phosphates  of  aluminium,  the  last-mentioned  sometimes  also  con- 
taining fluoride  of  aluminium  ;  amblyeonite  is  a  phosphate  of  aluminium,  lithium,  and 
sodium ;  lasulite  is  hydrated  phosphate  of  aluminium  assodated  with  ferrous  aud 
magnesic  phosphates. 

Orthophosphates  of  aluminium  are  produced  by  predpitating  solutions  of  aluminium- 
salts  with  alkaline  phosphates ;  but  the  products  thus  obtained  yaiy  considerably  in 
composition,  according  to  the  proportions  of  the  acting  solutions,  the  temperature  at 
which  they  are  mixed,  and  the  extent  to  which  the  precipitate  is  washed ;  the 
precipitates  also  frequently  retain  portions  of  the  soluble  aluminium-salt  or  of  the 
alkaline  phosphate. 

Acid  salt  ? — According  to  Ludwiff,  the  predpitate  formed  by  phosphate  of  sodium 
in  a  solution  of  alum,  contains,  in  the  anhydrous  state,  8A1*0'.9P>0\  A  solution  of 
aluminie  phosphate  in  aqueous  phosphoric  acid  leaves  on  evaporation  a  gummy  mass, 
which  melts  to  a  colourless  glass. 
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Neutral  Bolt,  A1«0«.P«0*.6H«0,  op  Al'TO^SH'O  (or  with  4  at.  or  4^  at.  H«0).— 
Prodaced  bj  completely  precipitatinff  a  neutral  solation  of  alam  with  excess  of  sodio 
orthophosphate,  best  by  gradually  adding  the  alam-solution  to  the  soluble  phosohate : 
also  when  a  solution  of  ^uminic  phosphate  in  hydrochloric  add  is  neutralisea^  with 
ammonia,  or  precipitated  with  acetate  of  sodium ;  or  when  an  alkaline  solution  of 
aluminic  phosphate  is  neutralised  with  acetic  acid.  It  is  a  white  bulky  precipitate, 
forming  when  dry  a  loose  white  powder,  the  amount  of  water  in  which  appears  to  vary 
from  3  to  4^  atoms.  Oihbsite,  from  Richmond,  Massachussetts,  contains,  according  to 
Hermanns  analysis  (J.  pr.  Chem.  xL  32,  xlii.  1 ),  37  62  per  cent,  phosphoric  anhydride, 
26'66  alumina,  and  36*72  wat«r,  agreeing  nearly  with  the  formula  A1'0*.P*0*.4H*0, 
which  requires  36-63  per  cent.  ?•()*,  26-42  A1*0«,  and  37*06  water.  In  other  samples, 
howeyer,  Hermann  found  less  phosphoric  anhydride  and  more  alumina,  probably 
arising  from  admixture  of  hydrargyllite  (hydrate  of  aluminium,  ii.  838). 

Basic  aalts.—a.  A  salt  containing  16AIK)M6P«0*,  or  APO».30A1"TO*,  is  formed, 
according  to  Ludwig,  by  precipitating  a  solution  of  aluminic  phosphate  in  caustic  soda- 
ley  with  acetic  acid,  but  it  is  most  probably  nothing  but  the  neutral  salt  mixed  with 
free  alumina. 

b.  4A1W.3P«0M8H«0,  or  6ArPO*.2ArH»OM6aq.— This  is  said  by  Rammels- 
berg  to  be  the  composition  of  the  bulky  precipitate  formed  by  adding  ammonia  to  a 
neutral  solution  of  cliloride  of  aluminium.  It  Is  more  gelatinous  and  translucent  than 
the  precipitated  normal  phosphate ;  retains  16  at.  water  at  100°.  Its  composition 
appears,  however,  to  vary  according  to  the  quantity  of  ammonia  added,  and  the  time 
during  which  it  is  left  in  contact  with  the  precipitate ;  and,  if  digested  with  excess  of 
ammonia  for  about  24  hours,  it  gives  up  part  of  its  acid,  and  is  converted  into  a  hydrate 
of  the  salt  2A1«0».P0». 

c.  3A1W.2P«0*.12H«0,  or  4Al"T0^2Al''H«0».9aq.— This  is  the  composition  of 
Wavdlite,  a  mineral  occurring  in  trimetric  czrstals  exhibiting  the  combination  ooP. 
oof  00 .  1*00  •  Ratio  of  macrc^iaognal,  brachydiaognal,  and  principal  axis  s  1*4943  : 
1 :  0*7431.  Angle  ooP  :  ooP  »  126*25.  Cleavaee  rather  perfect^  parallel  to  ooP,  also 
parallel  to  che  brachydiagonal.  More  frequently,  nowever,  the  mineral  forms  hemisphe- 
rical or  globular  concretions,  having  a  radiate  structure.   Hardness  •■  3*26.   Specific  gra- 

.  vity  =  2*337  to  2*3616.  Lustre  vitreous,  inclining  to  pearly  and  resinous.  Colour  white, 
passing  into  yellow,  green,  grey,  brown,  and  black.  Streak  white.  Translucent.  Index  of 
refraction  -i  1*62. — When  heated  it  gives  off  water,  and  sometimes  also  hydrofluoric 
acid ;  colours  the  blowpipe  flame  a  mint  bluish-green ;  swells  up  on  charcoal,  turns 
white,  and  exhibits  the  reactions  of  alumina. 

Analytes.  1.  From  2ibirow  in  Bohemia  (Hermann,  J.  pr.  Chem.  zxxiii.  288).— > 
2.  From  Barnstaple  in  Devonshire  (Berzelius,  Schw.  J.  xviii.  288;  xxiv.  121). — 3. 
From  Steamboat,  Chester  County,  Pennsylvania  (Genth,  Sill.  Am.  J.  [2]  xxiii. 
423). — 4.  From  Hungary  :  Kapnicite,  specific  gravity  ■■  2*366  (Stadeler,  Ann. 
Ch.  Pharm.  dx.  306). 

Fluorine 

Phosphoric  anhydride 

Alumina 

Ferric  oxide 

Water 

Lime 

99*91         99*36         99*86       100*00 

The  formula  3A1«0«.2PO*.12H«0  requires  36-14  per  cent.  P»0*,  38*13  A1«0«,  and  26*73 
water.    Stadeler  supposes  the  mineral  to  contain  only  11  at  water. 

Berzelius  and  Hermann  regard  wavellite  as  a  definite  compound  of  phosphate 
and  fiuoride  of  aluminium ;  but  the  quantity  of  fluorine  is  so  very  variabld,  many 
specimens  containing  only  traces  of  it,  and  some  none  at  all,  that  its  presence  is 
probably  only  accidental.  As  the  specimen  from  Barnstaple  analysed  by  Berzelius 
contained  lime,  it  was  probably  mixed  with  fluorspar. 

Wavellite  occurs  also  at  Amburg  in  Bavaria,  at  Langenstri^s  near  Freiberj^  and 
other  localities  in  Germany ;  also  at  Clonmel  and  Cork  in  Ireland ;  in  the  Shaint  islands 
of  Scotland;  at  Washington  Mine,  Davidson  County,  North  Carolina;  and  at  Villa 
Rica,  Hinas  Geraes,  in  Brazil. 

d.  2A1''0».PK)»,  or  2Al"T0*.Al-0*.— This  compound  appears  to  be  produced,  as 
already  stated,  by  the  prolonged  action  of  ammonia  on  the  salt  6,  and  occurs  in  com- 
bination with  6,  6,  or  8  at.  water  in  the  minerals  tuiqnois  or  ksdaite,  peganite,  and 
fischerite. 

Turouois  or  Kalaite,  2A1*0M»0*-5H'0  or  Al'T>0«.Ar'H»0»,  nq.,  also  called  aganhite 
andjonnitc,  the  Birowa  of  the  Persians,  and  (probably)  the  callais  of  Pliny,  is  reniform, 
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stAlactitic,  or  incrosting,  with  no  cleavage;  hardness  »  6;  specific  grayity  2*6  —  2'683. 
It  has  a  somewhat  wazj  lustre,  dull  intemallj ;  a  peculiar  bluish-green  colour,  and 
white  streak;  is  feebly  subtranslucent  or  opaque,  and  has  a  small  concboida 
fracture.  When  heated  it  decrepitates  strongly,  giving  off  water  and  turning  black. 
Before  the  blowpipe  it  does  not  swell,  but  becomes  brown  and  vitreous,  and  colours  the 
inner  flame  green.  With  fluxes  it  gives  the  reactions  of  iron  and  copper.  It  is 
soluble  in  acids,  and,  according  to  Hermann,  dissolves  in  water  after  fusion  with 
potash — the  several  varieties,  however,  all  leaving  more  or  less  insoluble  residue.  An 
analysis  by  Hermann  of  a  blue  oriental  turquois  gave  28*90  per  cent,  phosphoric  anhy- 
dride, 47*45  alumina,  2'02  cupric  oxide,  1*10  ferric  oxide,  O'dO  manganic  oxide,  1*85  lime, 
and  18*18  water,  whence  the  mineral  appears  to  consist  essentially  of  2A1'0'.FK)*.6H'^0 
mixed  with  phosphates  of  calcium,  copper,  &c.  A  green  oriental  turquois  (specific 
gravity  2*621)  was  found  by  Hermann  to  contain  only  6*64  per  cent.  P*0»,  and 
was  evidently  a  mechanical  mixture  containing  but  little  real  turquois.  Turquois 
occurs  in  a  mountainous  district  in  Persia,  not  far  from  Kichabour ;  a  less  pure  variety 
is  found  at  Jordansmiihle  in  Silesia,  and  at  Oelsnitz  in  Saxony.  It  receives  a  good 
polish,  and  when  finely  coloured  is  highly  valued  as  a  gem.  The  occidental  or  bone 
turquois  ifs  said  to  consist  of  fossil  bones  or  teeth  coloured  with  oxide  of  copper. 
(Dana,  ii.  405.) 

PeganiU,  2A1«0MW».6H«0  or  2(ArT0*.Al'"H«0«),  is  a  green  or  white  mineral 
occurring  at  Strie^  in  Saxony,  in  small  rhombic  prisms  of  127°,  with  the  acute  lateral 
edges  truncated;  hardness  =  3 — 4  :  specific  gravity  ^  2*49—2*54.  Contains,  accor- 
ding to  Hermann  (J.  pr.  Chem.  xxxiii  287),  30*49  per  cent  phosphoric  anhydride, 
44*49  almmna  and  22*82  \?ati^i* 

Fischerite,  2Al»0«.P»0*.8H«0*or  2(Al''TO*.Al'"H»0*).6aq.,  occurs  atNischneTagilsk, 
in  colourless  rhombic  prisms  of  118°  32',  or  dull  green  masses  of  specific  gravity  2*46  ; 
behaves  like  turquois  before  the  blowpipe,  but  is  not  readily  dissolved  by  any  acid 
except  sulphuric  acid.  Gives  by  analysis  29*03  phosphoric  anhydride,  38*47  alumina, 
and  27*50  water,  together  with  1  -20  ferric  and  manganic  oxides,  0*80  cupric  oxide,  and 
3*00  cupric  phosphate  and  gangue.   (Hermann,  loc.  cit.) 

All  uie  phosphates  of  aluminium  bear  considerable  resemblance  to  alumina,  both  in 
the  hydrated  and  in  the  anhydrous  state.  The  precipitated  phosphates  are  gelatinous 
masses,  which  dissolve  easily  in  adds  and  in  caustic  fixed  alkalis,  and  are  precipitated 
from  their  acid  solutions  by  ammonia,  carbonate  of  ammonium,  or  sulphide  of  am- 
monium, and  from  the  alkaline  solutions  by  chloride  of  ammonium,  in  their  original 
8tat«,  without  loss  of  phosphoric  acid.  Hence  tlie  distinction  between  hydrate  and 
phosphate  of  aluminium,  and  the  separation  of  phosphoric  acid  firom  alumina^  present 
considerable  difficulties.  The  methods  of  detecting  and  separating  the  phosphoric  acid 
have  been  alreadv  described,  viz. :  Precipitation  by  a  magnesium-salt  from  a  solution 
of  the  aluminic  phosphate  in  citric  acid  containing  ammonia  and  chloride  of  ammo- 
nium ;  precipitation  by  mercurous  nitrate  from  a  solution  in  nitric  acid  neutralised  by 
potash ;  precipitation  by  molybdate  of  ammonium,  uranic  salts,  or  eerie  salts,  from 
slightly  acid  or  neutznl  solutions ;  ignition  with  silica  and  carbonate  of  sodium 
(pp.  545—549). 

y.  Pyrophosphate  of  Aluminium,  2Al«O».3P«OM0H«O  =  Al*P«O«.10H«O 
(dried  at  110°). — Produced  by  precipitating  an  aqueous  solution  of  sublimed  chloride  of 
aluminium  with  pyrophosphate  of  sodium,  4A1C1«  +  3Na*P*0'  =  A1*PH)"  +  12NaCL 
It  is  a  white  amorphous  precipitate  exactly  resembling  hydrate  of  aluminium,  insoluble 
in  water  and  in  acetic  acid,  soluble  in  other  acids,  even  in  sulphurous  add,  and  separating 
again  from  the  last-mentioned  solution  on  boiling.  It  is  distinguished  from  the  ortho- 
phosphate  by  being  soluble  in  ammonia  as  well  as  in  potash ;  but  when  its  solution  in 
any  acid  is  supersaturated  with  ammonia,  the  whole  of  the  aluminium  is  piedpitated 
as  a  basic  salt  no  longer  soluble  in  ammonia,  while  part  of  the  pyrophosphoric  add  re- 
mains in  solution.     (Schwarzenberg,  Ann.  Ch.  Pharm.  Ixv.  2.) 

Pbospliates of  Ammonlnin.  a.  Metaphosphats s, — ^The monortutaphosphate^ 
NHTO",  is  formed  when  the  dimetaphosphate  is  heated  for  some  time  to  200" — 250°. 
It  is  nearly  insoluble  in  water.    (Fleitmann.) 

The  dimetaphosphate,  (NH*)*P*0«,  is  produced  by  the  action  of  sulphide  of  ammo- 
nium containing  a  little  free  ammonia  on  the  corresponding  copper-salt  (p.  539),  and 
separates  from  the  filtrate  on  addition  of  alcohol,  in  monoclinic  prisms.  It  dissolves 
in  15  pts.  water,  either  cold  or  hot ;  may  be  heated  to  300^  without  los^  of  ammonia ; 
and  when  kept  for  some  time  between  200°  and  250°,  becomes  opaque  without 
alteration  of  weighty  and  is  converted  into  the  monometaphosphate.     (F 1  e  i  t  m  a  nn.) 

The  hexmetaphosphate,  (NH*)*PK)'*  (Graham's  salt),  is  obtained  by  saturating  deli- 
quescent metaphosphoric  add  with  ammonia  and  evaporating. 

fi.    The  orthophosphates  of  ammonium,  (NH*)H«PO«,    (NH*)'HPO*,  and 
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fNH*)■PO^  have  been  already  described  under  Amuoniacal  Salts  (i.  193).  The 
specific  gravity  of  the  first  is  1*768  (Schiff,  Jahresb.  1859,  p.  16),  of  the  second 
1*678  (Buignet,  ibid,  1361,  p.  15).  An  orthophosphate  of  ammonium  and  aluninium 
occurs  as  a  white  earth  in  a  volcanic  grotto  in  the  Isle  of  Bourbon. 

7.  Tyrophotphates. — The  neutral  salt,  (NH*)^P*0',  separates  on  adding  alcohol 
to  the  aqueous  acid  supersaturated  with  ammonia,  in  small  acicular  laminsB  adhering  to 
the  sides  of  the  vessel.  It  is  easily  soluble  in  water,  forming  an  alkaline  solution 
which  gives  off  ammonia  when  heated,  and  forms  acid  pyrophosphate  of  ammonium, 
but  no  orthophosphate ;  the  latter  is  produced,  on  the  other  hand,  by  boiling  the  solu- 
tion with  excess  of  ammonia. 

The  acid  pyrophotphate,  (NH*)'H'PH)',  is  obtained  in  crystals  by  adding  alcohol  to 
a  solution  of  the  neutral  salt  mixed  with  alcohoL  Its  solution  is  not  altered  by 
boiling.    (Schwarzenberg.) 

Plioflpbates  of  Barlmn.  a.  Me taphoaphai ea. — Maddrell's monometaphosphate 
of  barium  is  obtained  by  evaporating  a  solution  of  barytic  carbonate  in  excess  of  meta- 
phosphoric  acid,  and  heating  the  residue  to  316°,  as  a  white  powder  which  is  not 
altered  by  the  action  of  dilute  acids,  but  is  decomposed  by  warm  concentrated  sul- 
phuric acid.  It  is  not  decomposed  by  digestion  with  an  alkaline  carbonate,  and  therefore 
the  particular  modification  of  metaphosphoric  acid  which  it  contains  cannot  be  deter- 
mined with  certainty  (p.  539). 

The  dimetaphosphate,  Ba''P'0'.2HK)  (air-dried),  separates  in  crystals  on  adding 
chloride  of  barium  to  a  solution  of  the  corresponding  sodium-  or  ammonium  salt  It  is 
very  slightly  soluble  in  water,  is  not  decomposed  by  boiling  with  hydrochloric  or  nitric 
acid,  but  readily  by  strong  sulphuric  acid;  when  digested  with  aqueous  carbonate  of 
sodium,  it  is  converted  into  dimetaphosphate  of  sodium.  It  does  not  eiTe  off  its  water 
at  160®,  but  at  a  red  heat  it  becomes  anhydrous  without  melting,  and  then  no  longer 
contains  dimetaphosphorie  acid,  but  becomes  insoluble  in  water,  and  is  not  decom- 
posed by  carbonate  of  sodium. 

The  irimetaphoaphatey  Ba*P"0'*.6HK),  is  produced  on  mixing  a  solution  of  1  pt  of 
the  corresponding  sodium-salt  in  10  to  15  pts.  water,  with  a  nearly  saturated  solution  of 
2  or  3  pts.  chloride  of  barium.  On  leaving  the  liquid  (filtered,  if  necessary)  to  itself 
for  a  while,  the  salt  sepamtes  in  beautiful  monoclinic  prisms,  which  give  off  two-thirds 
of  their  water  at  100°,  and  the  remainder,  with  intumescence,  at  a  higher  temperature. 
At  a  red  heat  it  becomes  insoluble  in  acids,  but  does  not  fuise.  The  unignited  salt  is 
somewhat  more  soluble  in  water  than  the  dimetaphosphate,  and  when  digested  with 
carbonate  of  sodium  yields  trimetaphosphate  of  sodium. 

The  hexmetaphoaphaU  is  obtained  by  precipitating  the  corre8i)onding  sodium-salt 
(Graham's  ntreous  sodium-metaphosphate)  with  chloride  of  barium,  as  a  gelatinous 
precipitate  becoming  translucent  and  brittle  when  dry.  It  is  insoluble  in  pure  water, 
and  in  water  containing  sal-ammoniac,  easily  soluble  in  nitric  add.  When  heated,  it 
gives  off  water  without  complete  fusion,  and  is  afterwards  but  sparingly  soluble  in 
nitric  acid.  It  is  deoompoaea  by  prolonged  boiling  with  water,  being  converted  into 
an  acid  metaphosphate,  which  gradually  dissolves. 

/B.  Orthophoaphai ea.—  1.  The  monobarutie  aalt,  Ba'^*P*0*,  prepared  by  evaporat- 
ing a  solution  of  the  di-  or  tri-barytac  salt  in  aqueous  phosphoric  acid,  is  white, 
crystalline,  apparently  tridinie  according  to  Erlenmeyer,  permanent  in  the  air  and 
has  a  slightly  sour  taste.  It  dissolves  without  alteration  in  dilute  acids,  but  is  decom- 
posed by  water  into  free  phosphoric  add  and  the  neutral  salt. 

2.  The  dibar^Ho  aalt,  ^*H*P'0*,  is  obtained  by  double  decomposition  as  a  scaly, 
crystalline  predpitate,  soluble  in  20,570  pts.  of  water  at  20°,  somewhat  more  soluble 
in  water  containing  chloride  of  baiium,  chloride  of  sodium,  or  ammoniaeal  salts; 
according  to  Ludwig,  it  dissolves  in  4362  pts.  water  containing  1*2  per  cent,  chloride 
of  sodium  or  0*8  per  cent  chloride  of  banum ;  addition  of  pure  ammonia  renders  it 
less  soluble.  It  dissolves  easily  in  dilute  nitric  or  hydrochloric  add,  less  easily  in 
acetic  add,  of  which  it  requires  400  pts.  of  specific  gravity  1*032  to  dissolve  it.  From 
the  solution  in  nitric  or  hydrochloric  add,  ammonia  added  in  excess  throws  down  the 
tribazytic  salt  (Berselius)  or  a  salt  intermediate  between  the  di-and  tri-baiytic  salts. 
The  piedpitates  also  contain  chloride  or  nitrate  of  barium,  and  a  small  quantity  of 
ammoniaeal  salt,  while  neutral  phosphate  of  ammonium  remains  in  the  wash-water. 
(Ludwig,  Wackenroder.)  

A  salt  having  the  composition  Ba»H«P*0".8H»0  -  Ba*H*PK)«.Ba«H?PH)«.8H*0, 
intermediate  between  the  mono-  and  dibarytie  orthophosphates,  is  formed  by  predpi- 
tating  a  solution  of  the  dibaiytic  salt  with  alcohol. 

A  solution  of  dibarytie  phosphate  in  nitric  add  yield?,  on  addition  of  ammonia,  a 
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precipitate  conmstiiig  of  baiytic  phoa^hato-nitrafe,  2Ba*H^P'0'.Ba'TT'0*,  which,  when 
Ignited,  leaves  a  mixtnrB  of  di-  and  tn-barjtic  phosphates.    (Wackenroder.) 

3.  The  triharytic  salt,  Ba'P'O'.H'O,  is  fbnned  by  precipitating  chloride  of  barium 
with  trisodic  phosphate,  or  with  disodic  phosphate  mixed  with  ammonia,  and 
separates  as  a  heavy  granular  powder,  the  supernatant  liquid  remaining  neutraL 
It  gives  off  water,  but  not  the  whole,  at  200^,  and  does  not  absorb  carbonic  acid  from 
the  air. 

A  solution  of  this  salt  in  aqueous  phosphoric  acid  evaporated  on  the  water-bath, 
deposits  a  crystalline  powder,  and  if  it  be  then  heated  to  boiling  and  filtered,  the 
filtrate  on  further  evaporation  ^elds  the  monobarytic  salt  in  (apparently  trichuic) 
crystals ;  but  if  the  original  solution  be  at  once  heated  to  boiling,  it  deposits  crystalline 
granules  of  the  dibarytic  salt,  Ba'H'PO*,  while  the  mother-hquor  retains  a  barytic 
phosphate  containing  lat.  barium  to  6  at  phosphorus.  (Erlenmeyer,  Jahresb.  1857, 
p.  146.) 

A  saturated  solution  of  tribarytic  phosphate  in  hydrochloric  acid,  if  evaporated 
and  left  to  cool,  deposits  crystals  of  chloride  of  barium,  the  mother-liquor,  after 
repeated  crystallisation,  containing  a  larger  and  larger  proportion  of  monobarytic 
phosphate ;  and  if,  after  all  the  cliloriue  has  been  separutod  as  chloride  of  barium, 
more  hydrochloric  acid  be  added,  in  quantity  at  least  naif  as  great  as  that  originally 
pre4sent,  the  whole  of  the  barium  may  be  separated  as  chloride  and  pure  phosphorio 
acid  obtained.  If  the  solution  of  tribarytic  phosphate  in  hydrochloric  add  be 
evaporated  at  the  boiling  heat,  shining  needles  form  in  the  liquid,  and,  if  separated 
by  decantation,  immediately  crumble  to  a  crystalline  powder.  A  solution  £n>m  which 
these  en'stals  had  separated,  yielded,  when  mixed  with  a  quantity  of  water  sufiicient  to 
redissolve  them  completely,  and,  exposed  for  scA^eral  months  to  a  summer  heat  in  a 
vessel  covered  with  filter-paper,  hard  well-defined  cr^'stals  of  a  phosphaUhchlorieU, 
4(Ba"H*P«0").Ba"Cl».    (Erlenmeyer,  Jahresb.  1867,  p.  147.) 

A  salt  intermediate  between  the  di-  and  tri-baiytic  phosphates,  and  containing 

BaT"0».Ba*H*PK)«  or  Ba»H*P*0"  is  formed  on  mixing  a  solution  of  the  dibarytic  salt 
in  hydrochloric  acid  with  a  quantity  of  ammonia  exactly  sufficient  to  precipitate  it. 
(Berzelius.)  According  to  Ludwig,  a  solution  of  dibarytic  phosphate  in  hydro- 
chloric acid  yields  on  addition  of  ammonia  a  phoaphato-cMoride  of  barium  containing 

8Ba»P*0".Ba''a«.3H«0.       ^ 

y.  Pyrophosphate,  Ba'P'O'. — Pyrophosphoric  acid  precipitates  baryta-water, 
but  not  barium-salts ;  these  salts,  however,  form  with  pyrophosphate  of  sodium,  a 
white,  amorphous,  pulverulent  precipitate  of  baiytic  pyrophosphate  containing  1  at. 
water  at  100^  according  to  Schwarzeubeig,  2  at.  according  to  Gerhardt  It  is 
sparingly  soluble  in  water,  aqueous  pyrophosphoric  acid,  and  aqueous  sulphurous  add ; 
more  soluble  in  hydrochloric  or  nitne  acid ;  not  perceptibly  soluble  in  acetic  add,  iik 
water  containing-sal-ammoniac,  or  in  excess  of  sodic  pyrophosphate,  of  which,  however, 
it  takes  up  a  certain  quantity. 

Plioftpliates  of  BiMnutli.  a.  Metaphosphate. — Trioxide  of  bismuth  fbsed 
with  excess  of  phosphoric  anhydride,  forms  a  clear  glass,  which  on  slow  cooling  with  fre- 
quent stirring,  yields  a  crystalline  salt^  apparently  consisting  of  tetrametaphosphate 
of  bismuth.  It  is  insoluble  in  water,  and  is  decomposed  by  sulphide  of  sodium,  forming 
a  tenacious  mass  probably  containing  tetrametaphusphate  of  sodium. 

A  solution  of  bismuth-nitrate  mixed  with  metaphosphoric  acid  and  then  with 
ammonia  forms  a  precipitate  insoluble  in  excess  of  ammonia.     (Persoz.) 

fi.  Orthophosphates,  Bi'^PO^ — Precipitated  by  nitrate  of  bismuth  from  a  solu- 
tion of  orthophosphoric  acid  containing  nitric  acid,  but  free  from  hydrochloric  or  sul- 
phuric acid  (Chancel,  Compt  rend.  1.  416;  Jahresb.  1860,  p.  622).  The  same  salt 
containing  §  at.  water  is  formed,  according  to  Kiihn,  by  digestmg  ciystallised  bismuth- 
nitrate  with  ordinary  phosphate  of  sodium. 

7.  Pyro^Ao«;»Aa^«.~2B'iW3P«0*orBT*P»0«.  Obtained  by  predpitation  in  the 
same  manner  as  the  orthophosphate.    (ChanceL) 

Pliospliates  of  Cadmium,  a,  Metaphosphates. — ^When  oxide  of  cadmium  is 
fused  with  phosphoric  anhydride,  an  insoluble  salt  separates,  which  when  decomposed 
by  sulphide  of  alkali-metal  yields  a  tetrarfietaphosphate  (Fleitmann).  Nitrate  of 
cadmium  mixed  with  metaphosphoric  acid  and  then  with  ammonia,  forms  a  predpitate 
which  dissolves  in  excess  of  ammonia,  but  separates  again  as  the  ammonia  evaporates. 
(Persoa.) 

fi.  Orthophosphate,  Cd'P^O*. — Obtained  by  precipitating  a  neutral  solution  of  a 
cadmic  salt  with  disodic  orthophosphate,  as  a  white  insoluble  powder,  which  melts  to  a 
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tnnsparent  glass.    According  to  Kiilin,  the  precipitate  sometimes  consiiits  of  a  mix- 
ture of  di-  and  tri-cadmic  salts. 

Pyrophosphate,  Cd«P*0».2H«0  (at  100®).— This  salt  is  obtained  by  precipitation 
as  a  white  amorphous  heavy  powder,  which  dissolves  in  sulphnrons  acid  and  separates 
in  nacreous  laminae  on  boiling  the  solution.  It  is  insolnble  in  water  and  in  potash, 
soluble  in  acids,  in  ammonia,  and  in  excess  of  sodic  pyrophosphate,  whence  it  is  preci- 
pitated by  sulphide  of  ammonium.  When  ignited  in  hydrogen,  it  gives  off  a  little 
phosphorous  anhydride  and  phosphoretted  hydrogen,  yields  a  small  sublimate  of 
cadmium,  and  leaves  a  white  saline  mass  still  containing  phosphoric  acid  and  oxide  of 
cadmium.    (Schwarzenberg.) 

Pbospbates  of  Caleivm.  a.  Metaphoaphates. — The  monametaphosphatr^ 
CeTPK)*,  is  obtained  by  dissolving  carbonate  of  calcium  in  orthophosphoric  acid,  then 
evaporating  and  heating  the  residue  to  316*^,  as  an  insoluble  white  powder,  which  m 
not  altered  by  water  or  dilute  acids,  but  is  decomposed  by  strong  sulphuric  acid 
(Maddrell).  It  is  not  decomposed  by  alkaline-carbonates,  so  that  its  acid  cannot  be 
transferred  to  other  bases.     (Fleitmann.) 

Dimctaphosphate  of  Calcium^  Ca*P*0'*.4HK),  is  .obtained  pure  and  crystalline  by 
precipitating  the  corresponding  potassium-  or  sodium-salt  with  excASS  of  chloride  of 
calcium.  It  is  insoluble  in  water,  and'^is  but  slightly  attacked  by  strong  hydrocliloric  or 
nitric  acid  ;  but  strong  sulphuric  acid  decomposes  it  completely  when  heated  with  it. 
It  gives  off  all  its  water  at  a  red  heat;  the  ignited  salt  no  longer  contains 
dimetaphosphoric  acid,  and  is  not  decomposed  by  digestion  with  alkaline  carbonates. 
(Fleitmann.) 

Dimetaphosphate  of  Calcium  and  Ammonium^  Ca''(NH*)*P*0**.2H*0,  is  obtained  in 
spicular  crystals  by  mixing  a  solution  of  calcic  chloride  with  excess  of  the  ammonium- 
salt  and  adding  alcohol.  It  is  insoluble  in  water,  reacts  with  acids  like  the  pure 
calcium-salt,  and  does  not  give  off  all  its  water  till  heated  to  redness.  The  precipitate 
formed  by  chloride  of  calcium  and  dimetaphosphate  of  ammonium  always  contains 
ammonia,  even  when  the  chloride  of  calcium  is  added  in  excess.    (Fleitmann.) 

fi.Orthophosphatesof  Calcium. — 1.  The  monocaleic  salt,  Ca'A^PO*,  is  produced 
by  dissolving  the  di-  or  tri- calcic  salt  in  aqueous  phosphoric,  nitric,  or  hydrochloric  acid, 
and  crystallises  on  evaporati.m  in  small  lamins  or  scales  containing  1  at.  water.  It 
has  a  strong  acid  reaction,  becomes  moist  and  greasy  when  exposed  to  the  air,  and 
dissolves  readily  in  water,  forming  a  solution  from  which  alcohol  precipitates  a 
mixture  of  mono-  and  di-calcic  orthophosphates,  or  a  salt  of  intermediate  composition 
containing  Ca*H'«P^«  -  2CaH*P«0*.Ca«H*P0«  (Berzelius)  or  Ca»H«P*0'«  =. 
CaH*I«0«.Ca«H«P»0"  (Raewsky).  According  to  Erlenmeyer  (Jahresb.  1867,  p. 
145),  the  crystals  of  monocaleic  phosphate  are  decomposed  by  cold  water  into  dicalcie 
orthophosphate  which  separates,  and  a  hyperacid  salt  which  remains  in  solution. 

Monocaleic  phosphate  melts  when  heated,  giving  off  all  its  water,  and  leaving  an 
insolnble  metaphosphate.  When  ignited  with  charcoal,  it  gives  off  carbonic  anhydride 
and  phosphorus,  and  leaves  a  residue  of  tricalcic  phosphate  (p.  600). 

Compounds  of  monocaleic  phosphate  with  chloride  of  calcium  are  obtained  by 
evaporating  a  solution  of  tricalcic  phosphate  in  hydrochloric  acid  (p.  667). 

An  impure  mixture  of  monocaleic  phosphate  and  gypsum,  sometimes  mixed  with 
organic  matter,  is  much  used  as  a  manure,  under  the  name  of  "superphosphate  of  lime*' 
or  "disintegrated  bone-ash ;"  it  is  prepared  by  mixing  the  ground  bones  either  raw  or 
burnt  with  6  to  10  per  cent,  sulphuric  acid.  (See  Bichardson  and  Watts'  Chemieal 
Technology,  i.  [4]  262.) 

2.  Dicalcie  orthophosphate  or  neutral  phosphate  of  calcium,  Ca*H*P*0',  is  formed  by 
precipitating  chloride  of  calcium  with  an  alkaline  orthophosphate,  especially  when  the 
solutions  are  slightly  acid.  The  precipitates  thus  formed  vary  in  their  amount  of 
water,  and  are  crystalline  or  amorphous,  and  more  or  less  soluble  in  acids,  according  to 
the  manner  of  the  precipitation ;  they  often  also  contain  admixed  tricalcic  phosphate. 

«.  TetrahydraUd,  Ca«H«P«0".4H«0.— A  salt  having  this  composition  is  the  principal 
constituent  of  certain  ovoid  concretions  found  in  the  softened  ureters  and  the  cloaca  of 
the  stUK;eon  (called  Bdtigensteine  in  G-erman,  from  Bjaluga,  the  Bussian  name  of  the 
fish).  It  is  formed  when  a  solution  of  an  alkaline  orthophosphate  is  poured  into  a 
solution  of  chloride  of  calcium  (Baewsky),  and  may  be  obtained  crystidiised  by  pre- 
cipitating chloride  of  calcium  with  excess  of  disodic  orthophosphate,  oissolving  the  pre- 
cipitate in  acetic  acid,  and  leaving  the  solution  to  itself;  or  by  pouring  the  solution  of 
calcic  chloride  into  a  solution  of  scxlic  phosphate  mixed  with  a  large  quantity  of  acetic 
acid;  or,  according  to  Percy,  by  completely  precipitating  chloride  of  calcium  with  a  very 
dilute  solution  of  sodic  phosphate,  and  passing  carbonic  acid  into  the  liquid,  whereby  a 
portion  of  the  precipitate  is  dissolved ;  the  filtered  liquid  left  to  itself  in  a  loosely 
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covered  yessel  deposits  the  salt  in  rhombic  plates.  When  a  solution  of  chloride  o^ 
calcium  is  precipitated  by  a  slight  excess  of  oidinary  sodic  phosphate— the  solution  with 
the  precipitate  divided  into  two  equal  parts — ^to  one  portion  just  enough  nitric  or  hydro- 
chloric acid  added  to  effect  solution  without  the  aid  of  heat — the  other  portion  then 
added—  and  the  whole  allowed  to  stand  quietly  for  48  hours^-the  amorphous  precipitate 
of  dicalcic  phosphate  increases  rapidly  in  density,  and  is  gradually  converted  into  fine 
vhite  scales,  which,  under  the  microscope,  present  the  appearance  of  thin  tabular 
rhombic  prisms,  with  the  acute  prismatic  edges  generally  truncated,  so  that  the  crystals 
have  the  appearance  of  irregular  six-sided  tables.  The  salt  thus  formed  has  the 
composition  above  given :  it  is  decomposed  by  boiling  in  water,  and  becomes  bulky, 
opaque,  and  indistinctly  crystalline;  the  supernatant  liquid  strongly  reddens  litmus 
(Bodeker,  Ann.  Ch.  Pharm.  Ixix.  206).  The  same  hydrated  salt  is  likewise  obtained 
in  rhombic  tablets  by  allowing  a  solution  of  disodic  phosphate  to  diffuse  slowly  into 
chloride  of  calcium.    (Drevermann.) 

Tetrahydrated  dicalcic  orthophosphate  does  not  lose  weight  in  vacuo  at  ordinary 
temperatures,  but  when  heated  to  150°  it  gives  off  all  its  water,  according  to  Bodeker ; 
according  to  Percy,  it  gives  off  2  at.  water  at  140°. 

b.  THhydrati'd,  Ca»H«P*0'».3H«0.— This  hydrate  separates  in  right  rhombic  crystals 
when  limestone  is  subjected  to  the  action  of  phosphate  of  ammonium  and  carbonic 
acid  (Becquerel),  and  is  obtained  as  a  crystalline  precipitate  when  a  solution  of 
sodic  phosphate  is  dropped  into  a  lai^  excess  of  calcic  chloride  (Berzelius);  also, 
according  to  Kaewsky,  when  the  solution  of  calcic  chloride  is  added  to  the  sodic  phos- 
phate.    It  gives  off  all  its  water  at  a  red  heat. 

Dicalcic  orthophosphate  is  nearly  insoluble  in  cold  water,  and  is  resolved  by  boiline 
with  water  into  insoluble  tricalcic  and  soluble  monocalcic  phosphate.  The  precipitated 
salt  dissolves  to  a  slight  extent  in  excess  of  chloride  of  calcium,  but  is  reprecipitated  on 
addition  of  ammonia.  It  is  somewhat  more  soluble  in  water  containing  a  small 
quantity  of  chloride  of  sodium,  ammoniacal  salts,  starch,  or  gelatin,  than  in  pure  water. 
It  dissolves  readily  in  nitric  and  hydrochloric  acids ;  acetic  acid  likewise  dissolves  it, 
but  with  some  difficulty  when  it  is  dense,  or  when  it  has  been  precipitated  by  excess  of 
sodic  phosphate ;  the  solution  thus  obtained,  when  left  to  itself,  soon  deposits  the  salt 
in  crystals ;  i^  on  the  contrary,  the  chloride  of  calcium  was  in  excess,  the  salt  dissolves 
more  easily  in  acetic  acid,  ana  the  solution  remains  perfectly  clear.  The  salt  dissolves 
also  in  other  organic  acids  and  in  carbonic  acid.  The  acid  solutions  react  with  alkalis 
just  like  solutions  of  the  tricalcic  salt.    Sulphuric  acid  decomposes  it  completely. 

3.  TVicalcio  orthophosphate  or  Neutral  phosphate  of  calcium^  CaP*0'  or  SCa^CPW. — 
This  salt  occurs  combined  with  chloride  and  fluoride  of  calcium  in  apatite  (i.  348),  and 
pure  in  osteolite  (iv.  247).  It  forms  the  chief  constituent  of  the  inorganic  part  of  bones, 
(L  622);  at  all  events,  the  precipitate  formed  by  dissolving  bone-ash  in  nitric  acid  and 
precipitating  with  excess  of  ammonia  has  this  composition ;  the  bones  of  many  animals 
during  life,  perhaps,  contain  somewhat  less  lime.  Bone-ash  contains  about  four-fifths  of 
its  weight  of  tricalcic  phosphate,  the  remainder  consisting  of  phosphate  of  magnesium 
and  carbonate  of  calcium  ;  tricalcic  phosphate  likewise  occurs  in  considerable  quantity 
in  the  excrements  of  carnivorous  animals  and  in  coprolites.  Berzelius  formerly  supposed 
that  the  phosphate  of  calcium  contained  in  bone-earth  was  not  pure  tricalcic  phosphate, 
but  that  the  ignited  compound  consisted  of  8CaO.P«0*  or  2Ca»P*0».Ca''F-0'. 

Tricalcic  phosphate  is  obtained  in  the  amorphous  state  by  precipitating  chloride  of 
calcium  with  trisodic  phosphate  ;  by  slowly  adding  a  solution  of  disodic  orthophosphate 
mixed  with  ammonia  to  a  solution  of  chloride  of  calcium,  the  latter  being  kept  in  excess; 
by  mixing  chloride  of  calcium  with  less  than  the  equivalent  quantity  of  disodic  ortho- 
phosphate, and  precipitating  with  ammonia ;  or  by  treating  dicalcic  orthophosphate 
with  caustic  potash  or  soda,  which  abstracts  one-thud  of  the  acid : 

3da'H«P«0"  +  2KH0     «     2(Ja»P«0«  +   2KIPP0'  +  2H»0. 

The  salt  obtained  by  either  of  these  processes  is  a  translucent  gelatinous  precipitate 
which  dries  up  to  a  white  earthy  powder. 

The  salt  is  obtained  in  the  crystalline  state  by  heating  dicalcic  pyrophosphate  with 
water,  whereby  it  is  resolved  into  phosphoric  acid  and  tricalcic  phosphate,  whic^  then 
separates  in  rectangular  plates : 

8C^«P*0»  +  8H»0     -     2Ca«P«0»  +   2B?P0*. 

Dicalcic  orthophosphate,  heated  with  water  to  280^^,  undergoes  a  similar  but  slower 
and  less  complete  transformation,  and  the  resulting  tricalcic  salt  forms  indistinct  prisms. 
(Reynoso.) 
The  precipitated  salt  contains  in  the  air-dried  state  3  to  6  at.  water,  2  at  of  which 
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■ginuliially  escape  at  common  temperatures;  the  salt  dried  at  100^  still  retains  1  aU 
water  (Lad wig);  according  to  Berzelius,  the  compound  contains  2  at.  water ;  after 
dryine  at  200°  it  is  anhydrous.  It  is  not  decomposed  by  simple  ignition,  but  when 
heated  to  redness  with  silica  and  charcoal,  it  gives  off  carbonic  oxide  and  phosphorus 
(p.  500),  and  is  converted  into  silicate  of  calcium. 

Tricalcic  phosphate  is  insoluble  in  pure  water,  alcohol,  and  ether,  slightly  soluble 
in  water  containing  chloride  of  sodium,  ammoniacal  salts,  gelatin,  starch,  and  other 
organic  matters ;  more  soluble  in  water  containing  carbonic  acid.  A  litre  of  water 
saturated  with  carbonic  acid  dissolves  0*663  grm.  bone-earth,  the  greater  part  of 
which  (0'600  grm.)  separates  on  boiling.    (Lie big.) 

Tricalcic  phosphate  dissolves  easily  in  nitric  and  hydrochloric  acids,  somewhat 
less  easily  in  acetic  acid  and  other  organic  acids.  It  is  completely  decomposed  by 
excess  of  sulphuric  acid,  if  not  too  dilute.  A  solution  of  potassic  or  sodic  carbonate 
does  not  decompose  it  in  the  cold,  but  partial  decomposition  takes  place  on  boiling  or 
fusing  the  salt  with  an  alkaline  carbonate.  Tricalcic  phosphate  dissolved  in  hydro- 
chloric acid  is  decomposed  by  ferric,  uranic,  eerie  salts,  &c.,  in  the  manner  already 
described  (pp.  644,  645).  From  a  solution  of  tlie  salt  in  nitric  acid  mixed  with  acetate 
of  potassium  or  sodium,  acetate  of  lead  throws  down  all  the  phosphoric  acid  as  phosphate 
of  lead.  From  a  similar  solution  the  calcium  is  completely  precipitated  as  oxalate  by 
addition  of  oxalate  of  ammonium,  the  whole  of  the  phosphoric  acid  remaining  in 
solution. 

The  salt  8Ca"0.8P«0».H«0  «  2Ca«P»0«.C'i«H«P«0«,  formerly  supposed  by  BeraeHua 
to  exist  in  bone-earth,  is  generally  obtained  as  a  gelatinous  precipitate  when  an  acid 
solution  of  tricalcic  phosphate  is  treated  with  ammonia  not  in  excess. 

Phosphato-chlvrides  of  Calciwm. — Some  varietiesofapatite  consist  of  3Ca'P-0*.Ca'Cl'; 
in  others  the  chlorine  is  wholly  or  partly  replaced  by  fluorine.  A  compound  of  tricalcic 
phosphate  with  chloride  of  calcium  is  produced  artificially  by  mixing  the  recently  pre- 
cipitated dicalcic  orthophosphate  with  chloride  of  calcium,  and  gradually  heating 
the  mixture  to  redness.  Hydrochloric  acid  then  escapes,  and  the  residue  stiU  contains 
chloride  of  calcium,  only  a  small  portion  of  which  can  be  dissolved  out  by  water. 
The  exact  composition  of  the  residue  has  not  been  ascertained. 

Compounds  of  monocalcic  orthophosphate  with  calcic  chloride  are  obtained  by  eva- 
porating a  solution  of  tlie  tricalcic  salt  in  hydrochloric  acid.  A  solution  saturateid  and 
left  to  evaporate  at  common  temperatures  deposits  crusts  made  up  of  rhomboidal 
plates  of  the  salt  TCa'H^PW.Ca  C1*.14H»0.  „  The  same  solution  evaporated  over  the 
water-bath  first  deposits  the  dicalcic  salt  Ca'H'P'O',  and  the  filtrate,  when  further 
evaporated,  yields  first  a  small  quantity  of  the  phosphato-chloride  just  mentioned,  then, 
while  the  liquid  is  still  warm,  white  scales  having  the  composition  Ca"H*F-0*.Ca"Cl*.H-0. 
The  same  salt  is  obtained  by  adding  chlonde  of  calcium  to  a  solution  of  lime  in 
phosphoric  acid  cont4iining  2  at.  CaO  to  3  at.  P'O*,  and  evaporating.  At  temperatures 
Delow  6°,  this  salt  separates  partly  as  above,  partly  in  long  needles  containing  8  at. 
water  of  crystallisation ;  these,  when  kept  in  a  closed  resselj  are  resolved  ai  oi\Iiuaiy 
temperatures  into  water  and  the  preceding  hydrate.  A  cold  saturated  solution  of 
dicalcic  phosphate  in  hydrochloric  acid  yields,  according  to  the  extent  to  which  the 
evaporation  is  carried,  various  mixtures  of  salts,  among  which  monocalcic  orthophos- 
phate appears  to  occur,  but  never  pure.  When  a  solution  of  dicalcic  orthophosphate 
in  hydrochloric  acid  is  saturated  at  ordinary  temperatures  with  tricalcic  phosphate, 
then  mixed  with  half  the  quantity  of  hydrochloric  acid  already  contained  in  it,  and 
evaporated  at  a  very  gentle  heat,  so  far  that  it  begins  to  crystallise  on  cooling  below  6^, 
the  crystals  thus  obtained  are  very  much  like  the  first-mentioned  phosphato-chloride ; 
but  have  the  composition  4Ca"H«P*0".Ca''CR8H''0  and  the  liquid  separated  therefrom 
yields,  on  further  evaporation,  the  salt  Ca''H*P«0".Ca''Cl«,  with  1  or  8  at  water,  accord- 
ing to  the  temperature  at  which  the  crystallisation  takes  place.  (Erlenmeyer. 
Jahresb.  1857,  p.  146.) 

Tricaldo  phosphate  with  Afuminic  Hydrate,  Ca«P0«.2Ar'H*0«.— A  mineral  having 
this  composition  has  lately  been  found  occurring  as  a  light,  soft,  white  powder  in 
cavities  and  fissures  of  a  mass  of  quartz-crystals,  mixed  with  iron  and  copper  pyrites 
and  partly  coated  with  childrenite,  from  Tavistock  in  Devonshire.  Under  the  micro- 
scope it  is  seen  to  consist  of  minute  acicular  cystals,  transparent  to  translucent  and 
fragile.  When  heated  alone  it  glows  and  becomes  opaque,  and  after  ignition  gives  a 
distinct  blue  colour  with  nitrate  of  cobalt.  It  gives  no  colour  to  a  borax  bead  (unless 
childrenite  is  present).    It  gave  by  analysis  30-36  per  cent  P'O*,  36'27  Ca"0,  22*40 

A1«0»,  and  12  00  water;  the  above  formula,  or  3Ca''0.P«0*.AT«0*  +  3H»0,  requiring 
30-41  P'O*,  36-97  Ca"0,  2206  A1'0»,  and  11-56  water.  (Church,  Chem.  Soe.^ 
xviii.  263.) 
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A  mineral,  supposed  to  be  a  hjdrated  culcio-aluminic  phosphate,  was  found  by 
I)  am  our  (Instit.  1853,  p.  77  ;  Jahresb.  1853,  p.  930)  in  the  diamond  sand  of  Bahia. 
It  occurred  in  rounded  pebbles  containing  12*7  per  cent,  water. 

y.  Pyrophosphate  of  Calcium,  Ca*P*0'. — Aqiieoiis  pyrophosphoric  acid  pre- 
cipitates lime-water,  but  not  calcium-salts.  Chloride  of  calcium  yields  with  pyrophos- 
phate of  sodium  a  white  amorphous  precipitate  of  calcic  pyrophosphate ;  and  if  this 
precipitate  is  dissolved  in  a  saturated  aqueous  solution  of  sulphurous  acid,  and  the 
solution  heated,  the  salt  separates,  as  tlie  sulphurous  acid  escapes,  in  the  form  of  a 
crystalline  crust,  which  floats  on  the  surface  of  the  liquid  at  first,  but  ultimately  sinks 
at  the  bottom.  It  is  soluble  to  a  small  extent  in  water,  insoluble  in  acetic  acid  and 
solution  of  sodic  pyrophosphate  (Schwarzenberg).  Like  dicalcic  orthopbosphate, 
it  is  more  or  less  soluble  in  acetic  Hcid,  according  as  it  has  been  precipitated  fh>m  a 
solution  containing  excess  of  chloride  of  calcium  or  of  the  alkaline  pyrophosphate 
(Baer).  It  is  easily  soluble  in  nitric  and  hydrochloric  acid,  nearly  insoluble  in  aqueous 
pyrophosphate  of  sodium.  The  crystalline  salt  contains  4  at.  water,  1^  at.  of  which 
are  retained  at  100°  and  1  at.  at  110°.     (Schwarzenberg.) 

PliCNipliates  of  Cerlmn.  The  only  known  phosphate  of  cerium  is  the  tricerous 
orthopbosphate,  Ce'F'O',  which  occurs  as  a  natural  mineral  both  in  the  anhydrous 
and  the  hydrated  state,  and  is  formed  artificially  by  precipitating  a  cerous  salt 
with  phosphoric  acid  or  a  soluble  phosphate.  The  precipitate  is  white,  pulyeru- 
lent  when  dry,  insoluble  in  water  and  in  aqueous  phosphoric  acid,  slightly  soluble  in 
hydrochloric  and  nitric  acids.  When  strongly  ignited  in  a  charooal-lined  crucible^  it  is 
neither  fused  or  reduced,  but  merely  cakes  together. 

Anhydrous  tricerous  phosphate  occurs  in  CryptoUte and  Pho8phoeerite,  wsso' 
ciated  in  the  latter,  and  probably  also  in  the  former,  with  the  corresponding  phosphates 
of  lanthanum  and  didymium ;  also,  together  with  phosphate  of  lanthanum  (and  pro- 
bably also  of  didymium),  phosphate  of  thorinum,  and  a  small  quantity  of  phosphate  of 
calcium,  in  Monazite, 

Cryptolite  was  discovered  by  Wohler  in  the  rose-coloured  apatite  of  Arendal  in 
Norway,  from  which  it  is  separated  b^  dissolving  the  apatite  in  nitric  acid.  The  ciyptolite 
is  then  left  undissolved,  together  with  microscopic  crystals  of  magnetic  iron-ore,  horn- 
blende, and  an  unknown  substance  of  a  hyacinth-red  colour,likewise  containing  cerium. 
The  crystals  of  crvptolite  are  hexagonal  prisms  about  a  line  in  length,  and  of  a  wine- 
yellow  colour.  Sy  exposure  to  a  moderate  heat,  they  undergo  no  change  either  in 
appearance  or  in  weight.  Specific  gravity  ^^  4*6.  decomposed  by  strong  sulphuric  acid, 
the  whole  being  reduced  to  a  dry  earthy  jnass. 

Phoaphocerite  was  discovered  by  Mr.  OUive  Sims  in  the  cobalt-ore  of  Johannisbei^  in 
Sweden,  of  which  it  forms  about  the  one-thousandth  part  It  remains  when  the  ore 
after  calcination  is  treated  with  hydrochloric  acid  for  the  purpose  of  extracting  the  co- 
balt, as  a  greyish-yellow  crystalline  powder,  associated  with  a  small  quantity  of  minute 
dark  purple  crystals,  which  are  strongly  attracted  by  the  ma^et,  and  appear  to  consist 
of  magnetic  iron-ore  and  oxide  of  cobalt.  The  crystals  of  phosphocerite,  when  exa- 
mined by  the  microscope,  present  two  forms — one  an  octahedron  (not  regular),  the  other 
a  four-sided  prism  with  quadrilateral  summits ;  both  forms  appear  to  belong  to  the 
trimetric  system.  Hardness,  between  60  and  6'6  (Chapman,  Chem.  Soc  Qu.  J.  ii. 
154).  Specific  gravity  =  4 7 8 (Watts).  When  exposed  to  the  blowpipe  flame  it  vitrefics 
partially  on  the  edges  and  surface,  tinging  the  flame  at  the  same  time  slightly  greeu. 
With  the  usual  blowpipe  reagents,  it  presents  the  reactions  of  cerium,  imparting  how- 
ever to  the  borax  and  phosphate  of  soda  glasses,  when  cold,  a  pale  violet^blue  tint, 
either  owing  to  the  presence  of  didymium  or  to  the  admixture  of  a  small  portion  of  the 
cobalt-ore.  W^ith  borax  and  soft  iron  wire  it  produces  a  brittle  phosphide  of  iron 
(Chapm  an).  Oil  of  vitriol  aided  by  gentle  heat  decomposes  it,  forming  a  pasty  mass, 
which  is  soluble  in  cold  water,  with  the  exception  of  a  small  quantity  of  silica. 

Analyses:  a,  Cri/ptolite  (Wohler,  Ann.  Ch.  Pharm.  Ivii.  268). — b.  Phosphocerite 
(Watts,  Chem.  Soc.  Qu.  J.  ii.  181). 

a.  h. 

Phosphoric  anhydride         .        .        .        2737  2933 

Protoxide  of  cerium,  &c.     .         .         .         7026  66  65 

Protoxide  of  iron        ....           1*51  270  Fe*0« 

Protoxide  of  cobalt 046 

99-14  9914 

Both  these  analyses  agree  approximately  with  the  formula  Ce'P'O"  or  SCeO.P'O*, 
which  requires  86*47  per  cent.  F^O^  and  69*53  CeO.     A  closer  agreement  is  scarcely 
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to  be  expected,  inaBmuch  as  the  oxides  of  lanthanum  and  didyminm,  which  exist  in 
large  quantity  in  phosphoceritp,  and  are  probably  also  present  in  cryptolite,  were 
not  separated  from  the  cerous  oxide.  Phosphocerite  is  especially  remarkable  for  the 
large  amount  of  didymium  contained  in  it.  If  this  is  also  the  case  with  cryptolite, 
there  can  be  but  little  doubt  of  the  identity  of  the  two  minerals,  for  the  differences 
observed  in  the  crystalline  forms  cannot  be  regarded  as  important,  or  as  quite  distinctly 
made  out,  inasmuch  as  the  crystals  are  merely  microscopic. 

Hydrated  tricerous  phosphate  has  lately  been  found  by  Church  (Chem.  Soc 
J.  xviii.  269)  in  a  crystallised  mineral  from  Cornwall,  occurring  as  a  thin  crust  of 
rery  minute  crystals,  closely  inresting  a  quartzose  matrix.  The  crystals  are  ge- 
nerally arranged  in  fan-like  groups  of  single  rows  of  prisms,  having  their  faces 
of  union  parallel  to  the  larger  lateral  prismatic  planes.  Sometimes  the  structure  is 
almost  columnar,  or  in  radiating  groups,  presenting  a  drusy  surface,  and  in  general  ap- 
pearance somewhat  like  tliat  of  wavellit*.  The  crystals  appear  to  be  monoclinic,  and 
are prismatically developed.  The  end-face  oPis  usually  an  unmodified  rhomboid;  some- 
times, however,  its  acute  angles  are  truncated.  Cleavage  parallel  to  oP,  very  perfect ; 
the  crystals  are  deavable  also,  parallel  to  a  plane  replacing  the  acute  solid  angles  or 
acute  prismatic  edges ;  also  parallel  to  the  larger  lateral  prismatic  planes.  The  crystals 
are  fragile,  transparent  to  translucent,  with  vitreous  lustre,  bright,  pearly  on  the  end- 
&ces ;  colour  pale  smoke-grey  inclining  to  flesh-red ;  streak  and  powder  white.  The 
crystals  are  doubly  refractive.  Hardness  rather  above  3 ;  specific  gravity  approxi- 
mately ■■  3  14.  The  mineral  heated  alone  in  a  tube  becomes  opaque,  and  gives  off 
water,  having  a  very  faint  acid  reaction.  In  the  outer  blowpipe-flame  it  becomes  red- 
dish, and  then  exhibits  the  difficult  solubility  of  cryptolite.  It  melts  and  dissolves 
completely  in  borax,  forming  in  the  oxidisine  flame  a  bead,  which  is  opaline  and  orange- 
yellow  while  hot,  colourless  or  sliffhtly  amethystine  when  cold. 

The  mineral  gives  by  analyses  (mean)  14-93  per  cent,  phosphoric  anhydride,  61*87 
cerous  oxide,  6*42  lime,  and  14*93  water,  agreeing  neany  with  the  formula  6Ce"0. 
Ca''0.2P«0»  +  8H»0  or  (|Ce''.JCa")»P«0".4H^0,  which  requires  2773  per  cent.  PW, 
62-78  Ce"0,  6-47  Ca"0,  and  1407  water.    (Church,  Chem.  Soc  J. xviiL  269.) 

Vl&ospliates  of  Cbrominni. — a.  Chromic  fnetapho^phate,  Cr'0^3P*0',  or 
Cr'"P*0',  is  obtained  as  a  green  anhydrous  salt^  perfectly  insoluble  in  water  and  in 
adds,  by  evaporating  a  solution  of  chromic  oxide  in  excess  of  aqueous  orthophosphoric 
add,  and  heating  the  residue  to  3 1 6^.    (M  a  d  d  r  e  1 1.) 

p.  Chromoua  orthophoaphate  is  a  blue  predpitate,  formed  on  adding  ordinary 
phosphate  of  sodium  to  the  solution  of  chromous  chloride.  It  is  easily  soluble  in  acids, 
and  turns  green  on  exposure  to  the  air.    (Mob erg.) 

y.  Chromic  orthophosphate,  Ct'^PO\ — ^A  solution  of  chromic  chloride  made  as 
neutral  as  possible  forms  with  phosphate  of  sodium  a  green  predpitate,  which  turns 
blue-black  in  drying.  (Vauqueliu;  see  also  Dowling  and  ^lankett,  Chem. 
Gaz.  1868,  220.) 

When  disodic  orthophosphate  is  added  by  drops  to  a  solution  of  chruine-aluin,  but 
not  in  sufficient  quantity  to  throw  down  all  the  chromium,  a  bulky  precipitate  in  formed 
consisting  of  Cr  PO^.fiH'O,  which,  on  standing,  becomes  dark  violet  and  crystalline. 
The  filtrate  from  this  precipitate,  if  treated  with  aqu;intity  of  sodic  phosphate  suffident 
to  precipitate  nearly  all  the  chromium,  yields  a  pentahydrated  salt,  Cr"P0*.6H''0,  less 
crystalline  and  somewhat  lighter  in  colour  than  the  preceding.  If  the  solution  of 
chrome-alum  be  added  by  drops  to  the  solution  of  sodic  phosphate,  a  flocculent  green 
precipitate  is  formed,  consisting  of  a  trihydrate,  Cr^TO*. 3H*0.    (Bammelsberg.) 

9.  Chromic  pyrophosphate,  2C^O'.3P*0*  -  dr*PK)*'.— Formed  by  predpi- 
tating  a  solution  of  crystallised  chrome-alum  with  sodic  pyrophosphate.  At  ordinary 
temperatures,  a  dirty  red  precipitate  appears,  but  with  a  boiling  solution  a  pale  green 
predpitate  is  obtained.  This  salt  is  soluble  in  solution  of  sodic  pyropho$>phate ;  in 
strong  mineral  acids ;  in  water  acidulated  with  sulphuric  acid,  from  which  it  is  again 
precipitated  in  an  amorphous  state  on  boiling;  and  in  solution  of  potash.  At  100^  it 
assumes  a  deeper  green  colour,  but  after  ignition  appears  paler.  The  hydrate  contains 
7  atoms  of  water.    (Schwarzenberg.) 

Fliospbates  of  Cobalt,  a.  Me taphosp hates. — ^The  mofuyTneiaphosphate, 
Co'TH)*,  separates  as  a  rose-red  powder  when  sulphate  of  cobalt  is  heated  with  excess 
of  orthophosphoric  acid  to  316°.  It  is  insoluble  in  water  and  in  dilute  acids,  decom- 
posed by  warm  sulphuric  acid,  scarcely  acted  upon  by  sulphide  of  ammonium.  (Mad- 
arell.) 

The  hexmetaphosphate  is  obtained  by  precipitating  chloride  of  cobalt  (not  the  sul- 
phate) with  the  corresponding  sodium-salt.  The  precipitate  is  red,  and  is  converted 
t)y  agitation  into  oily  drops  soluble  in  excess  of  the  *  odium-salt.   (H.  Kose.) 
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/3.  Orthophosphate,  C!o»P*0".8H*0.— Obtained  by  treating  a  cobalt-salt  with 
disodic  orthophosphate,  as  a  i«ddish-blae  flocculent  precipitate,  which  dissolves  in 
excess  of  the  cobalt-salt,  forming  a  red  solution,  which  yields  on  boiling  a  red  precipi- 
tate, redissolvine  as  the  liquid  cools.  By  decomposing  pyrophosphate  of  cobalt  with 
water  at  180^,  the  same  salt  is  obtained  in  small  rose-coloured  ciystals,  which,  when 
heated,  give  o£f  water  and  turn  reddish-blue.  By  heating  carbonate  of  cobalt  with 
excess  of  phosphoric  acid  to  160^ — 160°  in  a  sealed  tube,  a  hydrated  salt^  Co7'0".2H'0, 
is  obtaincnl  in  ciystals.    (Debray,  Ann.  Ch.  Pharm.  cxt.  60.) 

Orthophosphate  of  cobalt  is  insoluble  in  water,  and  but  very  slightly  soluble  even  in 
presence  of  ammoniacal  salts,  but  dissolves  in  acids  and  in  free  ammonia.  By  igniting 
m  hydrogen  gas  it  is  reduced  to  tricobaltic  phosphide,  Co'P*.  The  precipitated  salt  is 
used  ss  a  pigment.    (Salv^tat,  Compt.  rend,  sdviii.  296.) 

A  mixture  of  oobalt-phosphate  and  alumina  yields  when  ignited  a  fine  blue  colour, 
known  as  Leifden  (more  properly  Leithner's)  or  Thenard^s  blue^  or  oobalt-tdtramarme. 
It  is  prepared  by  mixing  16  pts.  of  recently  precipitated  gelatinous  alumina  with  2 
pts.  phosphate  (or  1  pt.  arsenate)  of  cobalt,  drying  the  mixture  thoroughly,  and  then 
gradually  heating  it  to  redness.    (Handw.  d.  Chem.  vL  362.) 

y,  Pi/rophosphate  of  Cobalt  obtained  by  precipitation  is  soluble  In  excess  of 
the  alkaline  pyrophosphate  and  in  ammonia.     (Scnwarzenberg.) 

Vbospluttes  of  Comi^er.  a.  Me taphosphat e. — This  salt  is  obtained  by  mixins 
cupric  sulphate,  nitrate  or  oxide  with  a  slight  excess  of  aqueous  phosphoric  acid 
(best  in  the  proportion  of  4  at.  cupric  oxide  to  6  at.  phosphoric  anhydride),  evaporating 
and  heating  the  mass  with  constant  stirring  to  350^,  till  it  no  longer  spiits,  and  phos- 
phoric acid  begins  to  escape  in  white  vapours.  The  mass  when  cold  is  to  be  washed 
with  cold  water  till  the  wash-water  no  longer  exhibits  any  acid  reaction  ;  the  cupric 
inetaphosphate  then  remains  in  a  pulverulent^  indistinctly  crystalline,  anhydrous  salt« 
If  a  larger  excess  of  phosphoric  acid  is  used,  and  the  mixture  very  strongly  heated 
over  a  lamp,  and  then  left  to  cool  very  slowly,  the  cupric  metaphosphate  separates 
in  shining  crystals,  which  are  larger  and  more  distinct  in  proportion  as  the  mass  has 
been  more  slowly  cooled. 

Anhydrous  cupric  metaphosphate  is  bluish-white ;  quite  insoluble  in  water,  nearly 
insoluble  in  most  acids  and  alkalis,  even  when  concentrated,  but  dissolves  easily  in 
ammonia.  It  is  easily  decomposed  by  sulphide  of  ammonium  or  potassium,  less  easily 
by  sulphide  of  sodium,  yielding  in  each  case  an  alkaline  dimetaphosphate :  hence  the 
Fait  is  inferred  to  be  cupric  dimetaphosphate,  Cu*P*0"  or  20u0.2P*0*.  It  is  decom- 
posed by  warm  strong  sulphuric  acid  with  formation  of  orthophosphoric  acid. 

The  same  salt  is  obtained  in  small  well  defined  hydrated  ciystals,  Cu^P^O'*. 8H*0,  by 
mixing  moderately  concentrated  solutions  of  cupric  chloride  and  sodic  dimetaphosphate ; 
from  dilute  solutions  it  easily  separates  on  addition  of  alcohoL  It  is  light  blue, 
insoluble  in  water;  does  not  part  with  its  water  of  crystallisation  at  100°. 
(Fleitmann.) 

AmmoniO'Cuprio  metaphosphate,  Cu"(NH*)'P^0".4H'0,  is  obtained  in  confused 
needle-shaped  crystals  on  mixing  moderately  concentrated  solutions  of  ammonium- 
di metaphosphate  and  cupric  chloride,  the  former  in  excess,  and  adding  alcohol.  It  is 
bright  blue,  sparingly  soluble  in  water,  gives  off  a  small  portion  of  its  water  at  ordinaiy 
temperatures,  but  still  retains  2  at.  water  at  100°.  Sometimes  the  crystals  formed  by 
precipitation  as  above  contain  only  2  at.  water,  and  these  are  permanent  in  the  air ; 
but  the  circumstances  which  determine  the  formation  of  one  hydrate  or  the  other  are 
not  exactly  understood.     (Fleitmann.) 

$.  Orthophosphate 8. — An  acid  orthophosphate  is  obtained  as  a  green  gummy 
mass  by  evaporating  a  solution  of  the  tricupric  salt  in  aqueous  phosphoric  acid. 

Dicupric  orthophosphate,  Cu*H'P'0",  is  obtained  as  a  blue-green  flocculent  precipitate 
by  completely  precipitating  cupric  sulphate  with  disodic  orthophosphate.  It  is  inso- 
luble in  water,  sparingly  soluble  even  in  presence  of  ammoniacal  salts,  but  dissolves 
easily  in  acids,  even  in  acetic  acid.  By  ignition  with  charcoal  it  is  reduced  to  dicupric 
phosphide,  Cu*P*. 

The  tricupric  salt,  Cu'P'O*,  is  produced  by  precipitating  cupric  sulphate  with  such 
H  quantity  of  disodic  orthophosphate  as  to  leave  the  foniier  in  excess,  or  by  heating 
cupric  pyrophosphate  with  water  to  280^.  The  first  method  yields  it  as  a  blue-^reen 
amorphous  precipitate.  The  second,  in  dark  yellowish-green  crystals,  but  containing 
3  at.  water.  It  behaves  with  water  and  other  reagents  like  the  dicupric  salt,  and  is 
reduced  by  ignition  with  charcoal  to  tricupric  phosphide,  Cu'P*. 

Several  hydrated  basic  cupric  orthophosphates,  or  compounds  of  cupric  orthophos- 
phate with  cupric  hydrate,  occur  as  natural  minenUs;  their  formulas  are  as  follows : 
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Libethenite        ....  4Cu"0.I»0».H«0  =  Ctt«P«0«.Ca"H»0« 

PBeudoUbethenite       .        .        .  4Cu''O.PK)».2H*0  -  Cu"P«0".Chi''H«0«.aq. 

Tagilite 4Cu''O.P«0».3H«0  -  Cfi*PK)».Cu''H»0«.2aq. 

Dihydrite  .....  6Ctt"OJ»0».2H«0  =  di«P*0«.2Cu'T£«0» 

EWite        .        •        .        .        .  5Cu"0J»«O».3H»0  -  Chi"I«0".2Cu''HK)«.aq.  (?) 

Phoaphochaldte         .        .        .  6Cu''O.PK)».3H»0  -  Citt'P«0«.3Cu'^*0« 

Libethenite  occurs  at  Libethen  in  Hungary  and  at  Nischne  Tagilsk  in  the  Ural, 
in  trimetric  crystals.  Ratio  of  axes,  a'.h:c  -  0-9168  : 1 :  0*6749.  Angle  ooP  :  ooP 
«  84^'.  58';  f'oo  :  f  oo  (basal)  -  68°  2^.    Ordinary  combination  ooP  .  I>qo  .  P,  the  two 

former  faces  greatly  predominating.  It  is  isomorphons  with  olivenite,  Cu'(A8;  P)'0". 
Cu^fl'O*.  Cleavage  parallel  to  ooPoo  and  ooiPoo  veiy  indistinct  It  likewise  occurs 
in  globular  and  reniform  compact  masses.  Hardness  ^  4.  Specific  gravity  «  3*6 — 
3*8.  It  is  subtransparent  or  subtranslucent,  with  olive-green  colour  and  streak,  and 
resinous  lustre.  Fracture  subconchoidal  to  uneven.  Brittle.  When  heat«d  it  gives 
off  water  and  blackens.  It  colours  the  blowpipe  flame  faintly  blue  and  after  being 
moistened  with  hydrochloric  acid,  distinctly  blue,  and  melts  to  a  blackish  mass  which 
solidifies  in  the  crystalline  state.  It  is  partially  reduced  on  charcoal,  completely  on 
addition  of  sodic  carbonate.  The  other  cupric  hydrophosphates  exhibit  similar 
characters  when  heated.  They  all  dissolve  in  acids  wiUi  blue  or  green  colour,  in 
ammonia  with  pure  blue  colour. 

Ancdysea  of  Libethenite, — a.  From  Libethen;  crystallised  (Kiihn,  Ann.  Ch.  Pharm. 
li.  124).— d.  The  same  (Bergemann,  Pogg.  Ann.  civ.  190). — e.  From  Nischne 
Tagilsk;  ciyBtallised  (Hermann,  J.  pr.  Chem.  zzzvii.  175): 

P«0»  As«0»  Cu'O  HH) 

a.     29-44  .     .  66*94  4-05  «  100-43 

5.     26*46  2*80  66-29  4*04  -  9909 

c    28-61  .    .  65-89  5-uO  «  100 

The  formula  4Cu''0.I*0».HK)  re<juires  29*72  per  cent.  P»0»  66-61  Cu^O,  and  377  IPO. 

Pseudolibethenitefrom  Libethen  (so-called  libethenite)  analysed  by  Berthier. 
(Ann  Min.  viiL  334^  contains  287  per  cent.  P'O*,  63-9  Cu"0  and  7*4  water;  that  from 
Linz  on  the  Rhine  (soKialled  ehlite)  blackish  green,  and  of  specific  gravity  4 '2 7, 
analysed  by  Rhodius  (Ann.  Ch.  Pharm.  Ixii.  371),  contains  28-9  P*0^  63*1  Cu'O  and 
7-3  water.  The  formula  4Cu''O.PK>».2H«0  requires  2864  PH)»,  6410  Cu'O  and  7*26 
water. 

Tagilite,  a  mineral  ftom  Nischne  Tagilsk,  occurring  in  emerald-green  masses  of 
specific  gravity  3  6,  contains  26-91  per  cent.  P«0*,  6238  Ou"0  and  10'71  water 
(Hermann,  loe.  cit.)\  the  formuU 4Cu"0.P*0» 3H«0  requires 2764 P«0*,  61-85 Cu'O 
and  10-51  water. 

Dihvdrite,  occurring  at  Vimeberg  near  Rheinbreitenbach,  and  at  Nischne  Tagilsk, 
in  small  dark  green  crystals,  resembling  phosphochalcite  in  physical  characters, 
contains : 

P»0*    Cu-0    H^O 
Vimeberg    .        .2470    6820    5-97       -       9887  Arfve d son;  Beis^Jahreeb. 

iv.  143. 
Nischne  Tagilsk    .  2530    68-21     6*49       -     100      Hermann,  ^.  ci^ 

The  formula  5Cu'*O.P«0».2H«0  requires  2469  P*0»,  6906  Cu"0,  and  626  water. 

Ehlite  (which  contains  vanadium)  has  been  already  described  (ii.  367 ).  Cupric  hv- 
drophosphates  are  also  found  at  Vimeberg  and  Nischne  Tagilsk  containing  quantities  of 
water  intermediate  between  those  belonging  to  dihydrite  and  ehlite.  (Ram  m  els - 
be  rg's  Mineralchtmie^  p.  346.) 

Phosphochalcite  forms  hemihedral  trimetric  crystals,  resembling  monodinic 
forms.  Ratio  of  axes,  a  :  5  :  c  »  0*667  :  1  :  V2  .  Angle  oeP :  ooP  »  109^  28';  oP  : 
Poo  •  146«  18J'.  Observed  combination  ooP2  .  c»f  oo  .  P  .  oP  .  Poo  .  JPoo  .  P2. 
^^00 .  Cleavage  parallel  to  op1^«o  ,  imperfect  It  also  occurs  reniform  and  massive, 
indistinctly  fibrous,  with  a  drusy  surface.  Hardness  *  4*5  to  6.  Specific  gravity  « 
4  to  4*4.  Lustre  adamantine  inclining  to  vitreous.  Colour  dark  sreen.  Streak  a  little 
lighter.    Transparent  to  subtransluceut.    Fracture  small  oonchoi^d.    Brittlei 

Afudyees^'^a,  From  Vimeberg  (Rhodius,  Ann.  Ch.  Pharm.  Ixii.  37). ---5.  From  £hl 
on  the  Rhine  (Bergemann,  Pogg.  Ann.  civ.  190).— <?.  From  Himchberg  in  the  Voigt* 
land  (Kuhn,  Ann.  Ch.  Phann.  xxxiv.  218) : 

Vol.  IV.  0  0 
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FO*     AsH)     Cu-O 

H«0 

a.    20-4        .    .      70-8 

84 

«• 

99-6 

6.     19-89      1-78    69-97 

8-21 

a 

99-85 

e     20-87      .    .      71-73 

7-40 

— 

100 

Thefomula  6Cu''O.P*0».3H«0  requires  2111  P«0»,  7087  Cu'O  and  802  ^rat<*r. 

Thromboliteis  an  amorphouB  miDeral  firorn  Hetzbanya,  oonsiBtiog  approximate!  j  of 
410  FO*,  39-2  Cu"0,  and  168  water,  whence  it  is  probablj  6Cu''O.3l«O».10H«O  or 

Cu»P«0»  2CuTK)M0H?O.    (Plattner,  J.  pr.  Chem.  xt.  321.) 

7.  Cupric  Pyrophosphate,  OaFP*0^.13^0  (at  100®),  prepared  by  predpitating  a 
enprie  salt  with  pyrophosphate  of  sodium,  is  an  amorphous  greenish-white  powder, 
which  becomes  dark  blue  when  dried  at  100®,  and  assumes  a  lighter  blue  oojour  on 
ignition.  It  dissolres  in  mineral  acids  and  ammonia,  and  likewise  in  pyrophosphate 
of  sodium.  When  boiled  with  caustic  potash,  it  is  resolved  into  cupric  oxide  and 
orthophosphate  of  potassium.  Sulphurous  acid  dissolves  it  without  converting  it  into 
a  cuprous  salt,  and  the  solution  when  boiled  deposits  it  again  in  the  crystalline  stjito. 
It  gives  off  its  water  on  ignition. 

An      ammoniacal     cupric      pyrophosphate      3Cu«P'0'.2(N«H«Cu")''0.4H«0      or 


AV|4  .  4H*0  separates  gradually  from  an  ammoniacal  solution  of  cupric  pyzo- 


Cu« 
(P«b»)» 

phosphate  covered  with  a  layer  of  alcohol,  in  nodular  groups  of  ultramarine-ooloured 
crystals,  which  must  be  dried  over  a  mixture  of  sal-ammoniac  and  quick-lime,  to  prevent 
them  from  giving  off  ammonia. 

VboaplULta  of  Bldymlnin,  l5i'P'0*.2H'0,  separates  slowly  from  a  mixture  of  the 
concentrated  solutions  of  nitrate  of  didymium  and  disodic  orthophosphate,  quickly  on 
diluting  the  liquid  or  on  boiling.  It  is  white,  pulverulent,  insoluble  m  water,  slightly 
soluble  in  dilute,  easily  in  concentrated  acids ;  gives  off  its  water  at  a  heat  near  redness. 
(Marignac.) 

When  a  solution  of  didymic  sulphate  is  mixed  with  an  equivalent  quantity  of  phos- 
phoric acid  (1  at.  P*0*  to  3  at.  Di'O),  two-thirds  of  the  didvmium  is  precipitated  in  the 
form  of  a  phosphate  which  in  the  dry  state  contains  3Di*0.2P'0^6H*0,  while  the  reet 
remains  dissolved  and  is  precipitated  by  ammonia  as  a  translucent  jelly,  which  dries  up 
to  translucent  rose-red  lumps  having  a  concho'idal  fracture.  (Hermann,  Jahresb.  1 86 1 , 
p.  176.) 

Vl&ospliates  of  Oladnmn.  A  neutral  solution  of  nitrate  of  glucinum  forms  with 
disodic  orthophosphate  a  white,  amorphous,  pulverulent  precipitate,  which  when  dried 

over  chloride  of  calcium,  consists  of  diglitcinic  orthophosphate  (j^H'P'O'.eH'O.  With 
pyrophosphate  of  sodium  a  white  pulverulent  precipitate  of  glucinic  pyrophosphate 

(J^0'.5H*0  is  obtained.  (Scheffer,  Ann.  Ch.  Pharm.  cix.  144 ;  Jahresb.  18*^9, 
p.  140.) 

Vhospbates  of  Iron.— a.  Ferric  Metanhosphate,  Fe*0".3P*0*  or  Fe'^F'O*. 
Produced  by  evaporating  a  solution  of  ferric  chloride  with  excess  of  phosphoric  acid, 
and  heating  the  residue  to  316^.  The  white  powder  which  separates  is  insoluble  in  water 
and  in  dilute  adds ;  strong  sulphuric  acid  decomposes  it    (Maddrell.) 

/8.  Ferric  Orthophosphate  s. — The  precipitates  formed  by  treating  soluble  ferric 
salts  with  alkaline  phosphates,  vary  greatly  in  composition  according  to  the  nature  of 
the  solutions  used  and  the  proportions  in  which  they  are  mixed. 

Iformal  ferric  orthophosphate,  Fe'OW^O*  or  Fe"PO*  is  formed  on  adding  disodic 
orthophosphate  to  a  solution  of  ferric  chloride  or  sulphate,  made  as  neutral  as  possible, 
or  mixed  with  a  considerable  quantity  of' an  alkaline  acetate  (p.  644).  The  same  salt 
iH  gradually  produced  when  a  solution  of  ferrous  sulphate  is  mixed  with  disodic  ortho- 
phosphate till  a  permanent  precipitate  begins  to  form,  and  the  filtrate  is  exposed  to 
the  air. 

Ferric  phosphate  thus  prepared  is  a  white  powder  insoluble  in  water,  nearly  insoluble 
in  acetic  acid,  slightly  soluble  in  water  containing  cnrbonic  acid.  It  dissolves  in  dilute 
mineral  acids,  and  is  precipitated  therefrom  by  alkalis  and  alkaline  carbonates,  and 
likewise  by  alkaline  acetates.  In  pres^ce  of  excess  of  sodic  phosphate,  the  precipitate 
of  ferric  phosphate  is  dissolved  by  ammonia  and  by  carbonate  of  ammonium.  Ferric 
phosphate  is  soluble  in  ferric  chloride  and  slightly  also  in  ferric  acetate,  but  quite  in- 
soluble in  ferrous  acetate.     Hence  when  a  solution  of  ferric  phonphate  in  an  acid  is 
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mixed  with  ferric  chloride  and  an  alludine  acetate,  a  small  portion  of  it  remains 
dirisolred ;  but  if  the  ferric  salt  be  first  reduced  to  ferrous  salt  by  sulphurous  acid,  and 
then  treated  with  ferric  chloride  and  alkaline  acetate,  the  whole  of  the  phosphoric  acid 
is  precijpitated  as  ferric  phosphate :  the  precipitation  is  much  accelerated  by  boiling. 

Feme  phosphate  slowly  gives  up  its  acid  to  aqueous  alkalis.  When  an  acid  solu- 
tion of  the  salt  is  precipitated  by  ammonia,  a  brown  basic  salt  is  formed  containing 
31'VO«.2I«OM6H'0  or  Fe*0".4Fe'^OM6H«0.  By  boiling  with  potash-ley  a  still 
larger  quantity  of  acid  is  removed,  and  the  residue  contains  15  at.  FeH)'  to  1  at 
PH)*  (Ra  mm  els  berg),  probably  u  mixtore  of  the  normal  salt  with  ferric  oxide.  To 
remove  the  whole  of  the  phosphoric  acid,  the  salt  must  be  fused  with  an  alkali  or 
alkaline  carbonate. 

Ferric  phosphate  dissolves  also  with  facility  in  tartaric  acid,  citric  acid,  tartrate  of 
ammonium,  citrate  of  sodium  aud  citrate  of  ammonium.  The  last  mentioned  solution 
when  spread  upon  glass,  dries  up  to  brownish-green  scales  which  dissolve  in  cold 
water,  forming  a  Solution  having  an  agreeable  saline  taste ;  they  contain  44  per  cent, 
ferric  phosphate,  Fe'^FO*,  46  per  cent,  citrate  of  ammonium,  and  10  per  cent,  water; 
this  salt  may  be  used  in  medicine.    (Heydenreich,  Chem.  News,  iv.  158.) 

Ferric  phosphate  in  acid  solution  is  completely  decomposed  by  addition  of  ammonia 
and  sulphide  of  ammonium,  the  whole  of  the  iron  being  precipitated  as  sulphide,  and 
the  whole  of  the  phosphoric  acid  remaining  in  solution. 

The  white  neutral  salt  gives  off  its  water  at  a  red  heat  and  turns  brown.  On  char- 
coal before  the^blowpipe  it  is  reduced  to  an  ash-grey  bead ;  under  fluxes  it  is  reduced 
only  at  very  high  temperatures.    When  strongly  ignited  over  a  lamp  in  a  stream  of 

hydrogen  gas,  it  is  reduced  to  ferrous  pyrophosphate,  Fe*FH)',  which  if  further  heated 
to  whiteness  in  the  gas,  is  completely  deoxidised  and  converted  into  a  phosphide  of 
iron,  Fe*P».     (Struve,  Jahresb.  1860,  p.  76.) 

A  basic  ferrio  pko&phate  containing  2Fe*0'.P*0*  or  Fe*0*.2Fe"'P0*,  occurs  in  nature 
combined  with  various  quantities  of  water. 

Oacoxene,  2Fe'0'.P*0M 211*0,  from  the  Hrbeck  mine  near  Zbirow  in  Bohemia^ 
forms  yellow  or  brownish  radiated  tufts  becoming  brown  on  exposure.  Hardness  »  8*4. 
Specific  gravity  »  3*38.  An  analysis  by  v.  Hauer(Jahrb.  d.  geoL  Beichsanst.  1854, 
p.  67),  gave  19*63  per  cent.  P*0*,  47*64  Fe'O*,  and  32*73  water,  the  formula  requiring 
20*94  P*0»,  47*20  Fe'O*,  and  31*86  water;  but  different  specimens  present  great 
diversities  of  composition,  arising  from  alteration,  or  the  presence  of  foreign  substances. 

Dufrenite  or  Green  iron  ore,  2Fe*0*.F-0*.6H*0,  has  been  already  described 
(ii.  347). 

Delvauxene  or  Delvauxite  (ii.  340),  is  an  iron  ore  of  variable  composition,  some 
specimens  containing  2Fe*0*.F'0*.18H*0,  others  containing  the  same  with  24H''0,  while 
others  contain  lime,  and  according  to  v.  Hauer,  may  be  represented  by  the  formula, 

Ca"P«O«.2(Fe«O».Fe*'P0*).24H»O. 

Carphosiderite  (from  the  mica  slate  of  Labrador)  is  a  hydrated  ferric  phosphate 
containing  small  quantities  of  manganese  and  zinc,  but  it  has  not  been  analysed  quan- 
titatively. It  occurs  in  straw-yellow  reniform  masses  and  incrustations,  having  a 
resinous  lustre  and  a  greasy  feeL  Hardness  ->  4 — 4*5.  Specific  gravity  a  2*49 — 2*5. 
(Dana,  ii  431.) 

Bog  iron  ore  (iii  338)  also  contains  rariable  quantities  of  phosphoric  acid.  Many 
other  iron  ores  also  contain  small  quantities  of  that  acid,  in  consequence  of  which,  pig 
iron,  especially  that  prepared  by  the  hot  blast,  generally  contains  small  quantities  of 
phosphorus.  In  many  strata,  ferric  phosphate  occurs  in  considentbie  quantity 
together  with  phosphate  of  calcium.  In  some  of  the  lower  strata  of  the  chalk-forma- 
tion  of  Sussex,  Herapath  found  as  much  as  25  per  cent,  ferric  phosphate,  and  in  many 
coprolites,  from  7  to  9  per  cent. 

A  hydro-ferric  phosphate  or  acid  ferric  phosphate,  containing  Fe'TH'P*0*.2H*0,  is 
said  to  separate  from  a  solution  of  the  normal  salt  in  aqueous  phosphoric  acid,  left  to 
itself  in  a  closed  vessel,  in  transparent  cubic  crystals,  which  are  tasteless,  insoluble  in 
water,  but  soluble  with  brown-yellow  colour  in  ammonia  (Winckler). — ^According 

toll.  ameliji(Handbook,  v.  226),  the  salt,  f^EVO»mK>  or  ^^^l  8I*0'-12H«0, 

is  precipitated  by  disodic  orthophosphate  from  a  solution  of  ferric  chloride,  according 
to  the  equation : 

2Fea«     +     3Na«HP0*       -      FStBC'P^"     +     6Na(3; 

but  according  to  most  authorities  the  precipitate  thus  formed  consults  of  normal  ferric 
orthophosphate,  Fe'^PO*,  and  phosphoric  acid,  HTO*,  remains  in  solution  (p.  662). 
Ammonvhfcrric  phosphate. — Ferric  phosphati*  dissolves  in  ammonia  in  presence  of 
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phosphate  of  sodinin,  forming  a  red-brown  Bolntion  which  gives  off  ammonia  on  erapo* 
ration. 

r  Ferrous  Orthophosphate.  8Fe"O.P«0*.8H»0  -  i^e»P*0".8HK).— This  salt  is 
formed  as  a  white  crystalline  mass  when  a  plate  of  iron  is  left  immersed  for  a  long  time 
in  a  solution  of  phosphate  of  ammonium  in  an  open  vessel,  or  when  a  solution  of  disodic 
orthophosphate  is  decomposed  by  a  very  weak  voltaic  current  with  a  plate  of  iron  for 
the  positive  electrode  (Becquerel).  It  may  be  prepared  bv  dissolving  metallic  iron 
in  pnosphoric  add,  or  by  boiling  ferrous  sulphate  with  disodic  orthophosphate,'  both 
solutions  having  been  previously  de-aerated  by  boiling,  The  white  precipitate  must 
be  protected  from  the  air  during  washing  and  dzying.     If  the  solution  of  ferrous  sul- 

Shate  is  poured  into  the  phosphate  of  sodium,  the  precipitate  is  said  to  contain 
ifenous  orthophosphate,  Fe'H^PO*,  as  well  as  the  triferrous  salt. 
Triferrous  orthophosphate  is  white,  insoluble  in  pure  water,  slightly  soluble  in 
water  containing  carbonic  acid  (in  1,000  pts.  of  water  containing  rather  more  than  its 
own  volume  of  carbonic  anhydride:  P  ierre).  It  dissolves  easily  in  dilute  mineral  acids 
and  in  560  pts.  water  containing  ^th  of  commercial  acetic  acid :  ahio  in  ammonia, 
forming  a  yellowish  solution  which  soon  becomes  turbid  by  oxidation  on  exposure  to 
the  air ;  and  in  1,666  pts.  water  containing  150  pts.  of  a  concentrated  solution  of 
acetate  of  ammoniunu  The  precipitated  phospliate  dissolves  in  excess  of  the  soluble 
ferrous  salt.  It  melts  before  the  blowpipe  and  solidifies  to  a  crystalline  mass  on 
cooling ;  when  fiised  with  sodic  carbonate  on  charcoal,  it  is  reduced  to  phosphide  of 
iron. 

When  precipitated  ferrous  phosphate  is  washed  with  water  containing  air  and  dried 
in  contact  with  the  air,  it  is  converted  by  oxidation  into  a  lavender-blue yerroso^rrrttf 

phosphate  containing,  according  to  Bammelsberg,  2p'e«I»0».(ft*0».2F©'*PO<).16H«0. 

Triferrous  phosphate  occurs  native  as  vivianite  or  blue  iron  earth,  more 
frequently,  however,  altered  by  oxidation  to  ferroso-ferrio  phosphate.  This  mineral  fomm 
monodinic  crystals  in  which  the  orthodiagonal,  clinodiagonal,  and  principal  axis  are  as 
1-3843:  1  :  1002.  Angle  of  inclined  axes  -  7F25;  ooP  :  ooP  «  Hl«  12* 
oP  :  [Poo  ]  m  146®  33*.  Dominant  combination  ooPoo  .  [  oopoo  ]  .  ooP  .  ooP3  .  +  P . 
—  P .  +  fP .  —  JP.  Cleavage  parallel  to  [  ooPoo  ]  highly  perfect;  parallel  to  odPoo  and 
}Pao  in  traces.  It  often  occurs  also  reniform  and  globular,  with  divei^ent,  fibrous,  or 
earthy  structure;  also  incrusting.  Hardness  —  1*3 — 2.  Specific  gravity  «  2*661. 
Lustre  pearly  or  metallic-pearly  on  the  faces  [  ooPoo  ],  vitreous  on  other  faces.  Colour 
usually  blue  to  green,  deepening  on  exposure ;  in  perfectly  unaltered  specimens  colour- 
less. Streak  bluish-white,  soon  changing  to  indigo-blue;  dry  powder  liver-brown. 
Transparent  or  translucent,  becoming  opaque  on  exposure.  Fracture  not  observable. 
Thin  laminae  flexible.     Sectile. 

Analyses. — a.  From  Delaware;  colourless,  turning  green  on  exposure  (Fisher,  Sill, 
Am.  J.  [2]  ix.  84). — 6,  c.  Crystallised,  altered  by  oxidation ;  h  from  Bodenmais ;  c  from 
Mullica  Hill,  Gloucester  County,  New  Jersey  (Rammelsberg,  MiTicralchemie^  p. 
326). — d.  From  AUentown,  Monmouth  County,  New  Jersey :  earthy  (Karlbaum,  Sifi. 
Am.  J.  [2]  xxiiL  422). — e.  From  Kertsch  in  the  Crimea:  light  blue  (Struve,  J.  pr. 
Chem.  XX.  236).—/.  From  Baigusin,  Lake  Baikal:  earthy;  dirty-blue  (Struve,  loc. 
oit),—a.  From  Kertsch:  dark  brown,  crystalline;  specific  gravity,  2*72  (Struve, 
loe,  cit^ : 

fl.  b,  e.  d.  e,  f,  g. 

Phoi^horic  anhydride      .      2M7     29*01     28*60    29-65    2917     19*79     28*73 

Ferric  oxide 11*60     11*91     18*45     2131    33*11     38*20 

Ferrous  oxide  .        .      44*10     35  65    34*52    27*62    21*54     13  75      9*75 

Water     ....       27*95      .     .      26*13     25*60    27*50    2610     24*12 

Magnesia 003      .    .        7*37 

Silica       ....        O'lO 


99*32      .    .    101*16  101*35     99*55  100*12  100*80 

a  a^ees  nearly  with  the  formula  of  hydrated  triferrous  phosphate,  3FeO.P*0*  8H'0  or 
FeT«0".8H*0  (calc.  28*29  P'O*,  4303  Fe*0,  28*68  H'^O) ;  6  and  c  with  that  of  a  ferroso- 
ferric  phosphate  containing  6(3Fe0.r-0».8H«0) -»- 3(Fe«0».2P»0».8HH)\  which  re- 
quires 2900  per  cent.  P»0»,  1224  Fe«0«,  3306  FeO,  and  25*70  water.  The  remaining 
analyses  may  be  represented  approximately  by  the  following  formulae : 

d.  3FeO.PX)»  +  Fp«0«.P20*  +  12aq. 

e.  8(3FeO.PW)  +  4Fe»0».3P*0*  +  45m. 
/.  3FeO.P*0»  +  2(  3Fe»0«.2P*0»)  +  38aq. 
g,  2(3M''O.P»0»)  +  3Fe»0«  +  21aq. 
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Crystals  of  yiTianite  haxe  been  found  in  the  hollow  of  a  bone  belonging  to  the  ske- 
leton of  a  miner  discoveied  in  an  old  working  at  Tamowitz  (H a i dinger,  J.  p.  Chem. 
idiv.  81).  Schlossberger  (Ann.  Ch.  Fharm.  Ixii.  382)  mentions  that  some  iron  nails 
fonnd  in  the  stomach  of  an  ostrich,  and  partly  enveloped  in  black  animal  matter,  be- 
came covered,  after  several  days'  exposure  to  the  air,  with  bine  spots,  apparently  arising 
firom  the  formation  of  vivianite. 

Ferrous  phosphate  occurs,  with  other  metallic  phosphates,  in  several  minerals.  C  h  i  1  - 
drenite(i.  869)  is  a  phosphate  of  iron,  aluminium^  and  manganese ;  triplite  (p.  571), 
phosphate  of  iron  and  manganese;  trip  hyl  line  (p.  672),  a  phosphate  of  iron,  man- 
ganese, and  lithium.  ^ 

A  compound  of  diferrous  orthophoavhate  with  nitrout  oxide,  Fe'H^O'.NO,  is  ob- 
tained as  a  brown  precipitate  on  adding  disodie  orthophosphate  to  a  solution  of 
a  ferrous  salt  saturated  with  nitric  oxide.  When  exposed  to  toe  air,  it  absorbs  oxygen 
and  is  converted  into  ferric  phosphate  and  nitrate.    (Handw.  d.  ChenL  vL  354.) 

Ammomo-fgrrous  orthophosphate,  (NH^)'Fe'P'0'.2H'0. — This  salt,  analogous  in 
composition  to  ordinary  ammonio-magnesian  phosphate  dried  at  100°,  is  formed  by 
mixing  a  solution  of  14  pts.  of  iron  in  hot  hydrochloric  acid  with  a  small  portion  of 
sulphite  of  ammonium ;  adding  to  it  while  hot  a  thoroughly  boiled  squeous  solution  of 
100  pts.  cryBtaUised  ordinary  phosphate  of  sodium,  whidi  immediately  precipitates 
white  ferrous  phosphate ;  then  adding  ammonia  in  slight  excess — ^immediately  closing 
the  flask,  which  must  be  completely  filled  with  the  liquid — agitatinff — ^and  leaving  the 
mixture  to  itself  for  a  few  minutes,  till  the  precipitate,  whidi  is  floocnlent  at  first,  is 
converted  into  laminsB,  which  sink  rapidly  to  the  bottom.  If  it  remains  flocculent,  the 
liquid  must  be  heated  again,  perhaps  with  the  addition  of  a  small  quantity  of  ammonia ; 
if  part  only  of  the  precipitate  becomes  crystalline,  the  lighter  flakes  must  be  separated 
by  levigation  from  the  crystalline  lamins.  The  laminsB,  on  which  the  air  no  longer 
exerts  any  oxidising  action,  are  then  thrown  upon  a  filter,  washed  with  thoroughly 
boiled  water,  and  dried.  No  ammonia  must  be  added  to  the  water,  because  it  im- 
mediately induces  oxidation,  so' that  hydrated  ferric  oxide  remains  on  the  filter,  and 
the  water  runs  off  brown ;  hence  also,  in  preparing  the  salt,  care  must  be  taken  not  to 
add  too  much  ammonia.  It  forms  greenish-white,  soft  laminie,  which  when  rubbed  on 
the  hand,  produce  a  coating  like  silver ;  they  are  permanent  in  the  air;  the  salt  when 
heated  in  the  air  gives  off  water  and  ammonia,  and  leaves  first,  greenish  ferrous  phos- 
phate, amounting  to  77  per  cent. — then  yellowish-white  ferric  phosphate.  With 
potash-solution  it  evolves  ammonia,  and  when  boiled  therewith,  gives  up  its  phosphoric 
acid  and  is  converted  into  ferroso-ferric  oxide  having  the  form  of  the  original  laminae. 
It  is  insoluble  in  water,  even  at  the  boiling  heat  While  yet  moist  it  dimolves  readily 
in  acids,  even  when  dilute ;  but  after  drying,  it  dissolves  but  sparingly  and  with  diffi- 
culty even  in  concentrated  acids.    (Otto,  J.  pr.  Chem.  ii.  409.) 

«.  Ferrio  Pyrophosphate,  2FeH>».3PO».9H"0  -  i^e«PK)«.9H«0.— Obtained  by 
dissolving  sublimed  ferric  chloride  in  water,  and  precipitating  by  phosphate  of  sodium ; 
the  supernatant  liquid  is  neutraL  It  is  a  nearly  white  powder,  having  a  slight 
yellowish  tingei  which  deepens  at  100°,  and  becomes  lighter  again  after  ignition; 
dissolves  in  ados  and  in  phosphate  of  sodium,  likewise  in  ammonia ;  in  the  latter  it 
forms  a  yellow  solution.  It  is  insoluble  in  hydrochloric  add,  sulphurous  add,  and  sal- 
ammoniac.  On  dissolving  it  in  hydrochloric  acid  without  boiling,  and  precipitating 
by  ammonia,  the  predpitate  dissolves  completely  in  excess  of  ammonia.  Carbonate  of 
ammonium  dissolves  it,  forming  a  colourless  solution,  whereas  the  ordinary  phosphate 
forms  a  yellow  solution.  It  is  completely  decomposed  by  fusion  with  a  mixture  of  car- 
bonate of  sodium  and  carbonate  of  potassium.  After  drying  at  100°,  it  lost  by  ignition 
17*66  per  cent  of  water,  and  the  ignited  salt  was  found  to  contain  41*7  FeK)'  + 
58-3 1»0*. 

Add  ferric  chloride  precipitated  by  pyrophosphate  of  sodium,  yields,  not  ferric  pyro- 
phosphate, but  an  orthophosphate  containing  1  atom  of  base  to  1  atom  of  add;  in 
100  parte :  61*66  FeK)*  +  48*84  F>0*.  This  salt,  when  boUed  with  ordinary  phos- 
phate of  sodium,  does  not  yield  pyrophosphate  of  soda,  as  is  the  case  with  the  pre- 
odding.    (Schwarzenberg,  Ann.  Ch.  Pharm.  Ixv.  153.) 

€.  Ferrous  Pyrophosphate,  "FeTP^O',  is  produced  by  strongly  iffniting  normal 
ferric  orthophosphate  m  a  stream  of  hydrogen.  If  further  heated  to  iniiteness  in  the 
same  gas,  it  sufirers  fMher  reduction,  giving  off  phosphoretted  hvdrogen,  phosphorous 
add,  and  phosphorus,  and  leaving  a  greyish-white,  metallic-shining,  non-magnetic 
phosphide  <xf  iron,  havinff  nearly  the  composition  Fe^P*  (Struve,  Jahresb.  1860,  p.  76). 
i'^errous  pyrophosphate  is  likewise  obteined  by  treating  a  fieiTous  salt  with  pyrophos- 
phate of  sodium,  as  a  white  amorphous  predpitate^  which  turns  green  and  brown  oqi 
posure  to  the  air.    (Schwarzenberg.) 
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Pbospbate  of  Kanflianiua. — A  solution  of  sulphate  of  lanthaDum  mixed  with 
an  equivalent  quantity  of  phosphoric  acid,  yields  a  precipitate  of  an  acid  orthophos- 

phate  3La''0.2PH)*,  or  La'P'O'.PO*,  but  when  phosphoric  acid  is  gpdually  added  to 
a  warm  solution  of  the  lanthanum-salt,  a  white,  pulverulent  precipitate  is  formed,  consist- 
ing of  the  normal  salt  La'FK)*  (B.  Herman«n,  J.  pr.  Chem.  Ixxxii.  385).  The 
latter  occurs  together  with  phosphate  of  cerium  in  monazite,  cryptolite,  &c.  (p.  658). 

Whaaiplhmt^m of 3beAd.    a.  Me tapho$phate s 1 .  Dimeiaphosphatef  Fb"0.2PK)' 

■■  P(>'P^O^'.  A  solution  of  sodic  dimetaphosphate  mixed  with  excess  of  lead-nitrate  de- 
posits this  salt  after  a  while  in  tolerably  distinct  crystals ;  by  precipitation  with  the 
ammonium-salt,  it  is  obtained  at  once  as  an  amorphous  precipitate.  It  is  anhydrous, 
nearly  insoluble  in  water,  melts  without  intumescence  at  a  red  heat,  and  solidifies  to  a 
transparent  glass  on  cooling.    (Fleitmann.) 

IHmetaphoaphate  of  lead  and  ammonium,  (NH*)*PbT*0'*,  is  obtained  by  treating 
the  lead-salt  just  described  with  excess  of  dimetaphosphate  of  ammonium,  or  by  pre* 
cipitating  nitrate  of  lead  with  excess  of  the  ammonium-salt.  It  forms  crystalline 
spangles  sparingly  soluble  in  water,  and  but  slowly  attacked  by  acids.  It  does  not  lose 
weight  at  150^,  and  gives  off  ammonia  only  on  prolonged  agitation.    (Fleitmann.) 

2.  Trimctaphosphate,  3Pb''0.3P»0*.3H20  or  Pb«PK)'«.3H«0.— Obtained  by  mixing 
a  moderately  concentrated  solution  of  sodic  trimetaphosphate  with  an  equivalent  quan- 
tity of  lead-nitrate ;  the  liquid  (to  be  filtered  if  turbid),  deposits  the  salt  on  standing, 
in  small  crvstals,  which  are  ^eiy  slightlv  soluble  in  water,  and  give  off  their  water  of 
crystallisation  with  intumescence  when  heated.  A  solution  of  the  sodium-salt  precipi- 
tated with  acetate  of  lead  yields  a  salt  containing  excess  of  base.  (Fleitmann  and 
Henneberg.) 

3.  Tetrametaphosphate,  Pb^P'O**. — When  protoxide  of  lead  is  heated  for  some  time 
with  excess  of  phosphoric  acid,  a  salt  separates  which  redissolves  quickly  and  coni- 
pletely  in  the  excess  of  acid,  and  if  the  fiised  mass  is  allowed  to  cool  slowly,  separates 
in  large  transparent  prisms  enveloped  in  an  amorphous  vitreous  mass  containing  oxide 
of  lead.  This  mass  may  be  removed  by  prolonged  treatment  with  cold  water,  the  tetra- 
metaphosphate of  lead  then  remaining  undissolved.  It  is  insoluble  in  water,  melts 
when  heated,  and  forms  an  amorphous  vitreous  mass  on  rapid  cooling.  It  is  decom- 
posed by  sulphide  of  ammonium  and  monosulphide  of  sodium  even  in  the  cold,  yielding 
the  corresponding  salt  of  the  alkali-metaL  When  heated  with  dilute  acids,  it  is 
dissolved  and  decomposed  much  more  easily  than  the  dimetaphosphate.    (Fleitmann.) 

4.  Hexmetapho^Hate  (?). — Nitrate  of  lead  mixed  with  metaphosphoric  acid  and  then 
with  ammonia  forms  a  bulky  precipitate  insoluble  in  excess  of  ammonia.  Ordinary 
metaphosphate  of  sodium  forms  witii  acetate  of  lead  a  bulky  precipitate,  which  cakes 
together  when  agitated,  becomes  resinous  on  standing,  and  dissolves  in  excess  of  am- 
monia.   (H.  Boss.) 

fi.  Orthophosphates, — ^An  acid  orthophosphate  of  lead  is  said  to  be  formed  whtin 
lead  is  dissolved  in  aqueous  phosphoric  acid  out  of  contact  with  the  air.  The  solution 
yields  on  evaporation  granular  crystals,  which  have  not  been  analysed. 

Diplumbic  orihophosphaU,  ^^^q^  |  P*0*  -  pVH<P«0".— Dilute  solutions  of  lead- 
nitrate  yield  with  alkaline  phosphates,  precipitates  which  are  mixtures  of  di-  and  tri 
plumbic  orthophosphates  in  varying  proportions.  To  obtain  the  diplumbic  salt  pure, 
a  boiling  solution  of  lead-nitrate  is  precipitated  by  aqueous  phosphoric  acid.  The  pre- 
cipitate consists  of  dazzling  white  microscopic  crystalline  laminae ;  it  is  insoluble  in 
water  and  in  aqueous  phosphoric  acid,  but  soluble  in  nitric  acid  and  in  potash.  By 
digestion  with  ammonia  it  is  converted  into  the  triplumbic  ealt^  It  melts  before  the  blow- 
pipe, forming  a  clear  bead  which  exhibits  crystalline  facets  on  cooling  but  not  so  dia- 
tinctly  as  the  triplumbic  salt  when  similarly  treated. 

Triplmnbic  phosphate,  P6"P*0',  is  obtained  as  a  white,  earthy,  amorphous  precipitate, 
by  decomposing  acetate  of  lead  with  disodic  orthophosphate,  the  lead-salt  being  kept 
in  excess,  or  by  the  action  of  ammonia  on  the  dipfumbic  salt ;  and  in  rhombic  tablets 
by  heating  the  pyrophosphate  Fb'P'O'  with  water  in  a  sealed  tube  (Keynoso).  It 
is  insoluble  in  water,  moderately  soluble  in  dilute  nitric  acid,  nearly  insoluble  in  acetic 
acid,  easily  soluble  in  potash-ley.  When  suspended  in  water,  it  is  decomposed  by  sul- 
phuric or  sulphydric  add.  It  melts  on  charcoal  before  the  blowpipe,  and  the  bead  on 
cooling  exhibits  shining  crystalline  facets. 

By  precipitating  solutions  of  nitrate  or  chloride  of  lead  with  phosphate  of  sodium, 
double  salts  are  onen  formed  consisting  of  nitrate  or  chloride  of  lead,  combined  with 
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di-  or  tri-plumbic  phosphate.    The pkosjokato-nitrate,  PbT*0*.PbNK)«.2HK),  is 
described  under  Nitbatbs  (p.  96). 

Pho8phatO'Chloride8,^The  salts  Pb«H*P«0».PbCl»,  2Pb«P»0".PbCl«  and 
8Pb'P*0*.PbCl*,  obtained  by  precipitating  chloride  of  lead  in  yarions  ways  with  di- 
Bodic  orthophosphate,  have  been  already  described  as  chhrophosphates  of  lead  (iiL  839). 

Pyromorpnite  or  Green  lead  ore  {Grunblciere)  has  the  composition  of  the 
last-mentioned  salt,  3Pb*PK)*.PbCl*,  the  phosphoms  being,  however,  often  more  or  less 
replaced  by  arsenic.  This  mineral  is  isomorphons  with  mimetesite,  or  arsenato- 
cUoride  of  lead,  3Pb*A8'0'.PbCl'  (in  which  also  the  arsenic  is  often  partially  replaced 
by  phosphoms) ;  also  with  apatite ;  and  a  variety  is  known,  called  6rotm  lead  ore,  con- 
sisting of  pyromorphite  combined  with  flnor-apatite  (i  349). 

The  ciystals  of  pyromorphite  are  hexagonal  prisms  exhibiting  the  same  combi- 
nations as  mimetesite  (iii.  1024).  Length  of  principal  axis  »  0*7362.  Angle  P  :  P 
(terminal)  -  142*"  12';  (lateral)  -  SO^^  44'.  Hardness  »  3*6—4;  specific  gravity  - 
6*6871  :  7*048.  Lustre  resinous.  Colour  green,  yellow  and  brown  of  different  shades. 
Streak  white,  sometimes  yellowish.  Subtransparent  to  subtranslucent.  Fracture  sub- 
eonchoidal,  uneven.  Brittle.  Before  the  blowpipe  it  melts  very  easily,  and  colours 
the  outer  flame  blue-green ;  the  bead  solidifies  like  that  of  phosphate  of  lead  above 
described.     Sometimes  emits  arsenical  fumes. 

Analyses. — a.  From  Zschopau  in  Saxony :  green ;  specific  gravitT  »  6*27 
(Wohler,  Pogg.  Ann.  iv.  161). — b.  From  Leadhills  in  Scotland:  orange-red  (Wo hler, 
he. eit). — c.  From Mechemich in  the Eifel  (Bergemann,  Ramf/ulsberg^t  Mineralchemie^ 

?.  866). — d.  From  Kransberg  in  Nassau :  ciystallised ;  light  green ;  specific  gravity  » 
*1  (Sandberger,  J.  pr.  Chem.  xlvii.  462). — e.  From  Ems  in  Nassau  :  yellow;  crvs- 
stallised  (Sandberger  /oc.  cit.).^f.  From  Bereeow  in  Siberia:  crystals  accompamed 
by  vanadinite:  specific  gravity  *■  6*716  (Struve,  Verb.  d.  min.  Ges.  zu.  Petersb. 
1867).—^.  From  Zschopau:  white;  dystallised  (Wohler,^.  cit.)—h.  From  the 
Altai:  yellow  spherical  masses;  specific  gravity  =  6*637  (Struve,  loo.  eit).— 4, 
From  Hosiers  near  Pontgibaud,  Auveigne :  green  and  brownish ;  botryoidal ;  spedfie 
gravity  »  6*67  (K\A]pT o th, BeitrSffe,  iii  146;  v.  200): 

a.       b,          e,        dm        e.        /,        g.  k.  f. 

Chlorine        ....       2-57     S*S)     S-AO     9-67      9-89     2-64  I'M  9  fiS  9A9 

L«>Ml.<nfde    ....      •9'9A    89*46    80*91     81*69    82-90    8184  es-Aft  81-63  7V80 

Phosphoric  anhydride 15-94    lft-96    15-89  1.V17  19iK)  14  a'i 

Arsenic  anhydride 9*30  9*61  8*88 

Water 0*70    .    .      .    .      0*89 

The  variety  g  has  the  composition  of  an  isomorphous  mixture  of  1  at  mimetesite 
and  10  at  pyromorphite ;  t,  sf  1  at.  mimetesite  and  8  at  pyromorphite. 

The  following  are  analvses  ofBrownleadore : — a.  From  the  Sonnenwirbel  mine 
near  Frieberg:  Polyspnerite:  brown  spherules  and  drops:  specific  gravity  ■-  6*092 
(K  erst  en,  iS^w.  J.  Ixii.  1). — b.  From  Mies  in  Bohemia:  botryoidal;  specific  gravity  >■ 
6*444  (Kersten). — e.  From  the  same  locality  :  ciystallised;  specific  gravity  *  6*988 
(K  era  ten). — d.  From  Bleistadt  in  Bohemia :  crystallised;  specific  gravity  ■>  7*009 
(Kersten). — e.  From  the  same:  specific  gravity  «■  6*843  (Lerch,  Ann.  Ch.  Pharm, 
xlv.  828).—/.  From  England :  crystallised  (Kersten):  « 

Chlorine        .  .        2*62      2-76      260      2*66      2**47      2*'60 

Lead-oxide    .        .        .       7217     76*83     8133    81*46    80-38    8208 
Lime     ....        6*47      3*71       0*43      0*32      0*81       032 

Fe'O  0*38 
If  all  the  chlorine  be  supposed  to  be  combined  with  lead,  and  the  admixed  apatite 
to  be  a  pure  fluor-apatite,  these  analyses  may  be  included  under  the  formula: 

«(Pb''Cl«.3#VP«0*)  +  (Ca'T«.3(i»P«0«). 

the  value  of  n  being  3  in  a,  6  in  &  and  48  in  c,  so  that  the  last  is  nearly  pure  pyro- 
morphite, as  are  also  d,  e,  and/. 

Nu8sierite,a  mineral  from  the  Nussiire  mine  near  Beaujeu,  Dept  of  the  Rhone,  con- 
taining, according  to  Barruel  (J.  pr.  Chem.  x.  10),  7*66  Pb'Cl*,  46*60  Pb'O,  12*30 
Ca^O,  2*44  Fe"0,  19*80  PH)^,  406  AsK)»  and  7*20  sahca,  is  probably  an  impoie 
pyromorphite. 

7.  Pyrophosphate  of  Lead,  fh^^^WO  (at  100<»).— Precipitated  on  adding 
pyrophosphate  of  sodium  to  excess  of  nitrate  of  lead,  as  a  bulkv  white  powder,  insoluble 
m  water,  acetic  acid,  sulphurous  acid,  and  ammonia ;  soluble  in  nitric  add  and  in 
potash  (8  e h  w  a r  s  e  n  b  e r g).  If  the  pyrophosphate  of  sodium  is  added  in  sli^t  excess, 
the  precipitate  contains  variable  quantities  of  alkali ;  a  larger  excess  redissolves  the 
precipitate. 
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nuMpbates  of  atthlnm.  Only  the  oxthophosphates  are  known. — MbnoUikid 
orthophosphaUf  Li'H'PO^  is  obtained  by  mixing  one  of  the  two  following  salts  with 
phosphonc  acid  and  evaporating ;  gt  hj  heating  acetate  of  Uthium  with  excess  of 
phosphoric  acid,  in  which  case  it  separates  in  rather  large  crystals.  It  is  deliqaeecent 
and  very  soluble  in  water,  forming  an  acid  solution  which  is  immediately  precipitated 
by  silyer-salts,  but  not  by  chloride  of  barium  except  on  addition  of  ammonia^  It  does 
not  give  off  any  water  at  100^ ;  but  at  200^  half  the  basic  water  is  evolyed  and  the 
whole  at  a  red  heat,  the  residue  then  consisting  of  metaphosphate  of  lithium. 

DUitkic  orthophosphate  has  not  been  obtained  pure,  but  a  salt  intermediate  between 
this  and  the  trilithic  salt,  viz.  Li»HP»0«.H«0  or  Li«HPO*.Li»PO*.H«0,  is  formed  on  pre- 
cipitating chloride  of  lithium  with  orthophosphate  of  ammonium,  as  a  crystalline  powder, 
which  dissolves  in  200  pts.  of  water,  and  gives  off  half  its  water  of  crystallisation  at 
100°,  the  rest  at  a  higher  temperature. 

TrilHhic  phosphate^  2Li'F0^H*0,  is  produced  by  precipitating  a  neutral  acetate  of 
lithium  with  di-ammonic  orthophosphate,  or  the  acid  acetate  with  phosphate  of 
ammonium  and  free  ammonia ;  also  b^  heating  carbonate  of  litbium  with  not  too  large 
a  quantity  of  aqueous  phosphoric  acid.  It  is  a  white  crystalline  powder,  requiring 
833  pts.  of  water  at  12°  to  dissolve  it  It  gives  off  its  water  of  crystaUlisation  when 
heated,  but  does  not  fuse  at  a  red  heat 

LithiO'aluminic phosphate,  Li'Al'*PK)**.  1  SE}0. — Prepared  by  precipitating  a  saturated 
solution  of  aluminic  phosphate  in  caustic  potash  with  chloride  of  lithium.  The  washed 
and  dried  precipitate  is  a  white  powder  insoluble  in  water,  easily  soluble  in  acidsi, 
and  giving  off  a  large  quantity  of  water  when  heated. 

Amblygonite  (i.  164)  is  a  lithio-aluminic  phosphate  havins  the  Hthinm  partly 
replaced  by  sodium,  and  containing  also  fluorides  of  aluminium,  litbiura,  and  sodium. 
Rammelsberg  (Mineralckemie,  p.  369),  represents  it  by  the  formula  (6M*0.3P*0*    + 
5A1«0».3P«0*)   +   2(MF.AIF*),  where  M  denotes  lithium  and  sodium. 

Trip  hy  nine  is  a  phosphate  of  lithium,  aluminium,  iron  and  manganese  (seep.  672). 

Lithio-ammonic  phosphate^  Li^(NH^)PO^  separates  on  mixing  aqueous  phosphate  of 
lithium  with  di-ammonic  orthophosphate  and  slowly  evaporating ;  if  a  portion  of  the 
ammonia  has  been  lost  by  too  rapid  beating,  free  ammonia  must  be  added.  The  salt 
is  granulo-crystalline,  like  ordinary  ammonio-magnesian  phosphate;  slightly  soluble  in 
water ;  melts  at  a  somewhat  high  temperature,  giving  off  water  and  ammonia,  and 
when  heated  before  the  blowpipe  is  coloured  blue,  not  red,  by  nitrate  of  cobalt. 

Lithio-calcic  phosphate^  LiCa"PO^ — Obtained,  like  the  analogous  double  salts,  by 
igniting  1  at  pyrophosphate  of  calcium  with  1  at.  carbonate  of  lithium.  It  is  insoluble 
in  water.    (H.Kose.) 

VbospliatMi  of  MaflTBMiliim*— «•  Metaphoaphate$.  1.  The  monometiq>ha8- 
phate,  M^'F'O',  is  obtained  as  a  white  powder  by  dissolving  carbonate  of  magnesium 
in  aqueous  phosphoric  acid,  evaporating  and  heating  the  residue  to  316°.  It  also  sepa- 
rates from  Uie  solution  of  impure  phosphoric  acid  obtained  frY)m  bones,  when  strongly 
concentrated.  It  is  insoluble  in  water  and  in  dilute  adds,  and  is  not  decomposed  by 
digestion  with  alkaline  carbonates  or  phosphates.    (Maddrell.) 

The  rff  TO€tej?AMpAa^?,  ]rfg"P*0".9H*0,  (or  lOH'O),  separates  gradually  from  a  con- 
centrated solution  of  the  corresponding  ammonium-salt  mixed  vrith  chloride  of  magne- 
sium, in  crystalline  crusts  which  adhere  to  the  sides  of  the  vessel ;  more  quickly  on 
addition  of  alcohol.  It  is  insoluble  in  water,  is  decomposed  by  adds,  gives  off  I  at 
water  at  100**,  and  the  whole  without  fusion  at  a  red  heat.  The  ignit^  salt  is  not 
decomposed  by  digestion  with  alkaline  carbonates.    (Fleitmann.) 

Hexmetaphcspkate. — Ordinary  phosphate  of  sodium  forms  a  precipitate  with  acetate, 
but  not  with  sulphate  of  magnesium,  even  at  boiling  heat  The  predpitate  is  soft  and 
tenacious  (Graham).  A  solution  of  sulphate  of  ma^esium  mixed  with  not  too  large 
a  quantity  of  sodic  metaphosphate,  forms  with  ammonia  a  predpitate  which  dissolves  in 
sal-ammoniac.    (H.  Rose.) 

AmmonuMMgnesie  metaphosphate  (?) — When  metaphosphoric  add  is  dissolved  in 
ammonia  in  a  vessel  which  is  kept  cool,  and  sulphate  of  magnesium  is  added  in  such 
proportions  as  to  leave  the  ammonium-salt  in  excess,  a  predpitate  is  fonned,  consisting 
of  feathery  flocks  which  unite  on  standing  into  a  soapy  mass,  drying  up  to  a  brittle 
transparent  mass.  This  salt  exhibits  the  characters  of  a  metaphosphate,  but  contains 
according  to  Wach  (Schw.  J.  lix.  297),  a  larger  proportion  of  base,  being  represented 
by  the  formula  4Mg''0.(NH«m.iP20M6H'0 ;  so  that  it  is  perhaps  a  nuztore  of 
metaphosphate  and  pyrophosphate. 

/3.  Orthophoaphates. — a.  Aeidsalt  By  evaporating  a  solation  of  tri-magneno 
phosphate  in  aqueous  phosphoric  acid,  or  by  boiling  the  neutral  phosphate  with  wateri 
and  evaporating  the  filtrate,  an  acid  syrup  is  obtained  which  is  resolyed  by  alcohol  into 
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the  trimagnesic  salt  and  firee  phoophoric  acid.  When  a  concentrated  flolution  of 
magnesia  in  aqneons  phosphoric  acid  is  mixed  with  alcohol,  an  oily  liqnid  separates 
which  contains  4  at.  magnesia  to  3  at^  phosphoric  anhydride,  and  may  be  repres«nted 
by  the  fonnuk  M^'HPO*.Mg''H*F-0»  +  *H«0.  (Knhn,  Aich.  Pharm.  [2]  lix. 
129.) 

JHrnagnetie  salt,  Mg*H«P«0M4H«0  or  Mg''HP0*.7H«0.— Produced  by  precipitating 
sulphate  of  magnesium  with  excess  of  disodic  orthophosphate.  When  2pts.  sulphate  of 
magnesium  dissolved  in  32  pts.  water  are  mixed  with  3  pts.  disodic  orthophosphate  dis- 
solved in  32  pts.  water,  the  salt  separates  in  the  course  of  24  hours  in  tufts  of  prisms 
or  needles. 

The  cr^st^illised  salt  forms  small  six-sided  needles,  having  a  cooling  sweetish  taste, 
and  spanngly  soluble  in  water;  1  pt  of  the  salt  dissolves  i&er  long  standing  in  322 
pts.  water ;  the  dear  solution  becomes  turbid  when  heated,  horn  separation  of  tri- 
magnesic nit,  which  partly  redissolves  on  cooling,  and  on  continued  boiling  a  larger 
quantity  of  the  latter  separates,  while  the  liquid  acquires  an  acid  reaction.  The  salt 
dissolves  easily  in  dilute  adds.  The  crystals  effloresce  in  warm  air,  give  off  8  at. 
water  at  100^,  the  remaining  six  at  170^,  and  the  basic  hydrogen  as  water  at  a  red  heat, 
leaving  pyrophosphate  of  magnesium. 

Trimaanesio  or  neutral  salt,  Mg'P'O*.  Formed  by  precipitating  sulphate  of  magne- 
sium with  trisodic  phosphate,  or  by  boiling  the  dimagnesic  salt  with  water.  It  retains 
6  at.  water  at  100^  (RammelsbergX  but  becomes  anhydrous  on  ignition.  According 
to  y  dicker  (Bep.  Br.  Assoc.  1862,  p.  160)  100  pts.  of  water  dissolve  0*0205  pt.  of 
the  recently  precipitated,  and  0*01  pt  of  the  ignited  salt  It  is  readily  soluble  in 
acids,  even  niter  exposure  to  a  white  heat. 

This  salt  is  of  frequent  occurrence  in  plants,  and  forms  a  oonsidemble  proportion  of 
the  ash  of  the  seed  of  cereal  grasses,  especially  of  wheat  It  is  present  in  smaller 
quantitv  in  the  bones  of  animals,  and  forms  the  chief  constituent  of  many  animal 
concretions,  especially  of  bezoar  stones. 

Waenerite,a  rare  mineral  found  in  veins  of  quartz,  traversing  day-slate  in  the  valley 
of  HoUengraben  near  Werfen  in  Saltzburg,  is  a  phosphato-fluoride  of  magnesium,  re- 
presented by  the  formula  Mg'PO'.MgF'.  It  occurs  m  monoclinic  crystals  having  the 
orthodiagonal,  dinodiagonal,  and  principal  axis,  as  1*1*045  :  1  :  0*78654,  and  the  angle 
of  the  inclined  axes  =  71°  53.  ooP  :  ooP  «  95«  25';  oP:  [Poo]  =  144°  25'. 
Observed  feces,  ooP,  +P,  -P,  -P2,  +  JP,  <»P2,  [P2],  and  others.  Most  of  the 
prismatic  feces  are  deeply  striated.  Cleavage,  parallel  to  ooP  and  the  orthodiagonal, 
imperfect;  paralld  to  oP  in  traces.  Hardness  a  5  to  5*5.  Spedfic  gravity  of  a 
transparent  crystal  »  8*068  ;  of  an  opaque  crystal  *  2*985  (Bammelsberg).  The 
ciystals  are  yellow,  of  various  shades,  with  a  vitreous  lustre ;  streak  white ;  translu- 
cent. Fracture  uneven  and  splintery  across  the  "ppsm.  Before  the  blowpipe  it  mdta 
with  great  difficulty  and  only  in  thin  splinters,  giving  off  gas-bubbles,  and  forming  a 
greenish-grey  glass;  when  moistened  witn  sulphuric  acid,  it  colours  the  flame  blue-green. 
With  fluxes  it  gives  a  faint  iron  reaction,  and  mdts  with  carbonate  of  sodium,  effer- 
vescing but  not  dissolving. 

The  mineral  has  been  analysed  by  Fuchs  (Schw.  J.  xxxiii.  269)  and  Bammelsberg 
with  the  following  results : 

p      P«0»    Mg'O    Ca'O   Fe"0    Mn^O 

a.  617  41*78  46*66  .    .  4*50  0*45  -       99*51  (Fuchs). 

5.  .  .  41*89  4204  1*65  2*72  0*55^               (Bammdsberg). 

e.  .  .  40*28  88*49  4*40  8*31  0*96t                               „ 

d,  9*36  40*61  46*27  2*38  4*59  -       103*21     „ 

The  formula  3Mg''0.PH)*.MgT'  requires  11*73  per  cent  fluorine^  43*88  phosphoric 
anhydride,  37*04  magnesia,  and  7*41  magnesium  (or  49*88  magnesia  in  all).    The 
lime  in  the  specimen  analysed  by  Bammelsberg  was  present  as  carbonate. 
Lazuli te  (iii  477)  is  a  phosphate  of  magnesium,  iron  (fenosum),  and  aluminium. 

3.  Photphates  of  Magnesium  and  Ammonium. — 1.  Ammanio-monamagnenc 
orthophosphate  (NH*)'Mg"H*P^*.3H'0  separates  in  needle-shaped  crystals  on  mixing 
warm  ana  not  too  dilute  solutions  of  magneaic  sulphate  and  diammonic  orthophosphate, 
and  leaving  the  liquid  to  cooL  ^ 

2.  Ammonio-dimaffnesic  Orthophosphate,  (NH«)*Mg*PK)M2H*0.~Thifl  salt^  the 
ordinary  ammonio-magnesic  phosphate,  is  produced  when  a  magnesium  salt  mixed  with 
sal-ammoniac  is  mixed  with  an  alkaline  orthophosphate  and  free  ammonia,  separating 
immediately  from  moderately  strong  solutions  as  an  amorphous  predpitate,  which  soon 

*  After  deduction  of  9*68  lillea.  f  Alumlaa. 
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becomes  heavy  and  crystalline ;  fix>m  dilute  solutions  it  separates  after  some  time  onljr 
in  small  crystals  which  attach  themselves  to  the  sides  of  the  vessel,  especially  on  points 
presenting  any  roughness  or  inequality.  It  separates  in  this  manner  from  extremely 
dilute  solutions,  thus  affording  a  very  delicate  test  either  for  magnesia  or  for  phos- 
phoric acid  (iii.  7^2  ;  iv.  542).  The  best  mode  of  obtaining  it  in  distinct  crystals  is 
to  mix  600  pts.  of  hot  water  with  4  pts.  of  strong  ammoniai  and  then  add  7  pts. 
crystallised  phosphate  of  sodium,  2  pts.  sal-ammoniac,  and  4  pts.  sulphate  of  magne- 
sium ;  the  liquid,  which  is  originally  alkaline,  becomes  neutral  after  the  separation  of 
the  crystals.    (Or  ah  am.) 

This  salt  is  a  frequent  constituent  of  urinary  calculi,  the  so-called  fusible  calculus 
consisting  almost  wholly  of  it :  it  is  also  found  in  intestinal  concretions,  especially  in 
graminivorous  animals.  It  is  formed  in  the  putrefaction  of  urine,  and  is  precipitated 
therefrom  on  addition  of  ammonia  in  stellate  groups  of  microscopic  crystals ;  it  some- 
times separates  spontaneously  even  &om  acid  urine  in  three-sided  prisms.  Laige 
crystals  of  it  have  been  found  in  some  varieties  of  guano,  namely,  from  Patagonia  and 
from  Saldanha  Bay  on  the  coast  of  Africa,  and  in  an  old  dung-pit  at  Hamburg ;  this 
native  salt  is  called  Struvite  or  Guanite, 

The  crystals  are  trimetric,  having  the  sxes  a:  h:  c  »  0'5429  :  1  :  0*6233  ;  thos^  of 
native  struvite  are  six-sided  prisms  about  an  inch  long,  exhibiting  the  faces  ooFoo , 
ooPoo ,  ooP3,  1*00 ,  |Pao ,  ^Pao ,  oP,  and  hemimorphous  from  predominance  of  the  face 
odPoo  on  one  side  (Teschemacher,  Phil.  Ma^.  [3]  xxviii.  646. — De  la  Provos- 
tage,  Compt  rend.  IviiL  442 ;  see  also  Dana,  ii.  413).  They  have  a  specific  gravity 
of  1*65  —  1-7  ;  hardness  «•  2 ;  a  vitreous  lustre;  are  transparent  and  often  coloured 
yellowish  by  impurities.  The  artificial  salt  generally  forms  a  fine  crystalline  powder, 
or  colourless,  translucent,  four-sided  prisms. 

The  salt  is  tasteless  and  slightly  soluble  in  pure  water,  1  pt  of  it  dissolving  in 
15,300  pts.  of  cold  water  according  to  Fresenius;  in  13,500  pts.  according  to 
Ebermayer  (Compt.  rend,  xxxvii,  350).  In  presence  of  sal-ammoniac  it  is  more 
soluble,  1  pt.  of  the  salt  dissolving  in  7550  pts.  of  a  liquid  containing  1  pt.  sal-am- 
moniac in  5  pts.  water  (Fresenius).  In  water  containing  free  ammonia,  on  the 
contrary,  it  is  less  soluble  than  in  pure  water,  1  pt.  requiring  for  solution  44,000  pts. 
of  ammoniacal  water  (Fresenius).  According  to  El^rmayer,  the  solubility 
diminishes  as  the  proportion  of  ammonia  in  the  water  increases ;  thus — 


Mixture  containlog: 


Water. 


100  pts 
100 
100 
100 


Aqueoiu  Aminoniaof  •pecificgraTttyO'961. 


25 
100 
200 
300 


Pure  aqueous  Ammonia  of  specific  gravity  0'961. 


Qaantities  reqalnKl  todlnoWe  1  pt. 
of  the  Anhjdroua  Doable  Salt, 


31,000  pts. 

43,000 

45,000 

52,000 

60,000 


The  addition  of  sal-ammoniac  renders  the  salt  more  soluble  also  in  water  containing 
firee  ammonia;  phosphate  of  sodium  does  not  appear  to  diminish  the  solubility. 

The  double  salt  dissolves  easily  in  acids.  At  100®  it  gives  off  10  at.  water  without 
loss  of  ammonia ;  at  a  stronger  heat  the  whole  of  the  water  and  ammonia  escape, 
the  mass  exhibits  a  vivid  glow,  and  pyrophosphate  of  magnesium  remains  behind : 


(NH*)«Mg«PH)» 


Mg«P«0'  +  NH»  +  HK). 


y.  pyrophosphate  of  Magnesium,  Mg«P*0^3H*0  (at  lOO**).  This  salt  remains 
in  the  anhydrous  state  when  ammonio-dimagnesic  phosphate  is  ignited. 

The  hydrated  salt  is  obtained  by  precipitating  sulphate  of  magnesium  with  an 
alkaline  pyrophosphate.  The  precipitate  dissolves  in  excess  of  either  of  the  salts 
which  produce  it.  the  solutions  becoming  turbid  on  boiling  and  remaining  turbid  when 
cold.  The  precipitated  salt  is  white,  amorphous,  and  bakes  together  in  drying  like 
hydrate  of  aluminium.  It  may  be  rendered  ciystalline  by  dissolving  it  in  sulphurous 
acid  and  boiling  the  solution.  It  is  very  slightly  soluble  in  water,  but  dissolves  easily 
in  nitric  or  hydrochloric  acid.    (Schwarzenberg.) 

Vliospbates  of  Kang'anese.  a.  Metaphoephate,  Mn*P*0*. — Produced  by 
evaporating  a  manganous  salt  with  excess  of  phosphoric  acid,  heating  the  residue  to 
316**,  in  the  same  manner  as  for  the  preparation  of  the  corresponding  cupric  salt  (p.  660). 
It  is  reddish  white,  insoluble  in  water  and  dilute  acids  ;  does  not  melt  at  a  red  heat ; 
is  scarcely  acted  upon  by  sulphide  of  sodium  or  ammonium,  even  with  aid  of  heat ; 
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Vat  is  decomposed  by  digestion  with  carbonate  of  sodium,  yielding  dimetaphosphate  of 
sodium ;  whence  Fleitmann  reg^ards  the  manganous  salt  also  as  dimetaphosphate. 

A  solution  of  manganous  chloride  mixed  with  dimetaphosphate  of  ammonium  and  a 
little  alcohol,  deposits  crystals  of  a  hydrated  salt,  Mn"P*0'.4H'0,  which  is  insoluble  in 
water  and  dilute  acids,  and  gives  off  all  its  water  on  ignition.  It  is  decomposed 
by  heating  with  sulphuric  acid  and  by  fusion  with  alkaline  carbonates.   (Fleitmann.) 

0.  Manganic  Orthophosphaie. — ^When  manganic  oxide  or  finely  divided  pyro- 
lusite  is  mixed  with  aqueous  phosphoric  acid,  the  liquid  evaporated  down,  and  the  dry 
residue  finally  heated  nearly  to  redness,  a  violet  substance  is  formed,  which  is  resolved 
by  water  into  a  dark  red  solution,  and  a  peach-blossom-coloured  insoluble  powder, 
consisting  of  Mn«0".3P*0*.2HK>  or  Mn'*P»0».H«0 :  therefore  a  metaphosphate.  The 
red  acid  solution  yields  by  evaporation  light  brown-red  crystals  of  variable  com- 
position.   (Hermann,  Fosg.  Ann.  Ixxiv.  303.) 

Kobell  (J.  pr.  Chem.  Txxvi.  415 ;  Jahresb.  1869,  p.  656)  recommends  manganic 
phosphate  for  use  in  volumetric  analysis  in  place  of  permanganate  of  potassium,  as 
being  more  easily  obtained.  He  prepares  it  by  boiling  down  a  mixture  of  finely  divided 
pyrolusite  and  aqueous  phosphoric  acid,  till  the  residue  becomes  syrupy  and  assumes  a 
deep  violet-blue  colour;  if  not  too  strongly  heated,  it  dissolves  completely  in  water,  and 
if  diluted  with  six  times  its  volume  of  water,  it  is  as  permanent  as  a  solution  of  per- 
manganate. It  may  be  titrated  in  the  same  manner  as  the  latter  by  means  of  a  ferrous 
solution. 

7.  Manganous  Orthophotphatei, — Monomanganoua aalt^  Mn"H*F'0*.2H'0. — 
A  solution  of  one  of  the  two  following  salts  in  aqueous  phosphoric  add  yields  this  salt 
on  evaporation  in  small  prismatic  easily  soluble  ciystals,  which  give  off  half  their 
water  of  crystallisation  at  120°.  Alcohol  decomposes  them,  abstracting  phosphoric 
acid  and  leaving  the  dimanganous  salt. 

The  dmangawma  salt,  ]^*H'P'0'.6HK),  is  obtained  by  adding  disodic  orthophos- 
phate  to  a  solution  of  manganous  sulphate  acidulated  with  acetic,  hydrochloric,  or 
phosphoric  acid,  till  the  precipitate  begins  to  be  permanent;  it  then  separates  on 
standing  in  hard  gpranular  crystals  (Heintz).  It  is  aUo  obtained  in  the  crvstalline 
form  by  precipitating  a  manganous  salt  with  phosphate  of  sodium,  mixing  naif  the 
liquid  with  free  acid  till  the  precipitate  dissolves,  and  then  adding  the  other  half 
(Bodecker)  ;  also  by  treating  the  trimanganous  salt  with  half  the  quantity  of  phos- 
phoric add  required  to  dissolve  it 

The  trimanganous  salt,  !M!n'F*0'.7H^,  is  fonned  by  predpitating  a  neutral  solution 
of  a  manganous  salt  with  disodic  orthophosphate.  It  is  a  white  amorphous  powder, 
which  dissolves  sparingly  in  water,  easily  in  dilute  adds,  gives  off  4  at.  water  at  100°, 
the  remainder  only  at  a  red  heat. 

Ammonio-man^anous  phosphatCf  Mn*(NH^)'F'0".2H'0. — This  salt,  analogous  to  the 
ordinaiT  ammonio-magnesic  salt  dried  at  100°  (p.  570),  is  produced  by  the  action  of 
ammonia  on  recently  predpitated  trimanganous  pnosphate,  or  by  predpitating  a  man- 
ganous salt  with  phosphate  of  sodium  in  presence  of  an  ammonium  salt  and  free 
ammonia.  To  obtain  it  crystallised,  a  solution  of  manganous  chloride  is  precipitated  in 
a  flask  with  phosphate  of  sodium;  hydrochloric  add  is  then  added  till  the  precipitate 
dissolves ;  and  the  solution  is  heated  to  boiling,  and  then  mixed  with  excess  of  ammonia. 
The  predpitate,  which  is  amorphous  at  firsts  changes  on  standing  for  some  time  in  tha 
dosed  vessel  into  silveiy  laminsB  usually  having  a  reddish  colour.    (Otto.) 

The  salt  is  insoluble  in  water  and  in  alcohol,  easily  soluble  in  dilute  acids :  it  it 
decomposed  by  boiling  with  caustic  but  not  with  carbonated  alkalis. 

Ferroso-manganous  Phosphates. — 1.  Triplite,  a  mineral  from  Limoges  in  France, 
has  the  composition  2^^.Q|.FK)»  •  |3^®j^.Q|.(FeiMn*)«PH)*.  It  occurs  in  imperfectly 

crystalline  masses,  exhibiting  three  unequal  cleavages  in  directions  at  right  angles  to  each 
other,  therefore  trimetric.  Hardness  «-  5*5.  Specific  gravity  =  3*44 — 3*8.  It  has 
a  brown  colour,  yellowish  grey  streak,  and  resinous  lustre  inclining  to  adamantine. 
Subtranslucent  to  opaque.  Fracture  small  conchoTdaL  Contains,  according  to  Berze- 
liuH  32*61  per  cent  F>0*,  31*95  Fe'O,  32*40  Mn'O  and  1*73  Ca''0;  the  formula  requires 
32*61  per  cent.  P»0*,  3417  Fe"0  and  32*40  Mn 'O. 

Heterosite  (iii  151)  and  Hureaulite  (iii.  176)  are  hydrated  ferroso-man- 
ganous phosphates. 

A  ferroso^manganons  ^hosphato-fiuoride  called  Zwieselite,  having  in  fact  the 
composition  of  a  fluorapatite  in  which  the  caldum  is  replaced  by  iron  and  manganese, 
is  found  at  Zwiesel  near  Bodenmais  in  Bavaria,  in  crystalline  masses,  supposed  to 
have  a  hexagonal  structure  iaomorphons  with  that  of  apatite.  It  cleayes  distinctly  but 
imperfectly  in  throe  directions.     Hardness  »  6.     Specific  grantj  »  3*97.     Lustre 
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greasy.  Colour  dove-browD,  streak  grt^yish- white.  Fracture  uneren  or  imperfect  eon- 
cho'idaL  It  has  been  analysed  bv  Fuchs  (J.  pr.  Chem.  xviii.  499)  and  Aammels- 
berg  {Mineralchetnie,  p.  851),  with  the  following  results : — 

F       PH)»     Fe"0    Mn'O    SiO« 

818    35-60    41-56    20-34    0*68       «       101-86  (Fuchs). 
600    30-83    41-42    23-25  »       101       (Rammelsberg). 

Bammelsberg's    analysia    leads     to     the     formula  |jr^.»Q|*J**0*+it£^«[P  or 

(|Fe''.JMn")»P«0«.(*Fe''JMn''^P,  which  requires  846  per  cent.  F,  3160  V«0»,  4273 
Fe^O  and  20*77  Mn  'O.  Fucns  erroneously  regarded  the  mineral  as  apatite  having  the 
calcium  isomorphoosly  replAoed  by  iron  and  manganese,  and  thence  called  it  tron- 
apatite. 

lAthio-ferrosO'man^anatu  Phosphates. — 1.  Tri phylline,from Bodenmais  in BaTaria, 
is  an  isomorphous  mixture  of  the  orthophoephates  of  iron,  manganese,  and  litJiium.  It 
mostly  occurs  masBive,  but  sometimes  in  tnmetric  crystals,  exhibiting  the  combination 
ooP  .  ooP2  .  oof  00  .  f  00  .  oP.  Ancle  ooP  :  ooP  »  93^° :  oP  :  f  oo  »  133°  The 
surfaces  however  are  rather  dull,  and  the  angles  not  oonstantn  Cleavage  parallel  to 
oP,  sometimes  perfect ;  parallel  to  ooP  and  one  dia^nal,  imperfect,  the  ktter  least  so. 
Hardness  «■  5.  Specific  gravitv  a  3*6.  Subresmous,  witn  greenish  or  bluish-grey 
colour,  and  greyish-white  streak.  Translucent  in  thin  fragments.  It  decrepitates 
slightly  when  heated,  giving  off  a  small  quantity  of  water,  and  acquiring  a  dajrker 
colour.  Before  the  blowpipe  itfdses  veiy  easily  to  a  shining,  dark  grey,  magnetic  bead, 
colouring  the  flame  bluish-green  and  sometimes  reddish ;  with  fluxes  it  gives  the  re- 
actions of  iron  and  manganese.  It  dissolves  readily  in  acids ;  is  imperfectly  decomposed 
by  caustic  potash. 

The  first  three  of  the  foUowine  analyses  of  triphylHne  are  bv  Rammelsberg 
(MineralcheTnief  p.  323);  the  fourUi  is  of  a  variety  called  UtraphyUine  or  perowskine, 
m>m  Tammela  in  Finland,  by  BeizeUus  and  Nordenskiold ;  it  differs  from  the  Boden- 
mais mineral  in  exhibiting  on  the  freshly  broken  sui&uod  a  yellow  colour,  gradually 
becoming  black. 


I»0» 

Fe^O 

MnO 

Li«0 

Na»0 

K«0 

Ca'O 

M^O  8iO« 

40*72 

39*97 

9*80 

7-28 

1-45 

0*58 

•        • 

.     .     0*25 

a 

100-05 

40*32 

36-54 

905 

6*84 

2-51 

0-35 

0-58 

1-97    .    . 

a 

98*16 

44-19 

38-21 

5-63 

7-69 

0-74 

0-04 

0*76 

2*39    0-40 

a 

100*05 

42*6 

38*6 

121 

8-2 

•         • 

•        • 

•        • 

1-7      .    . 

■s 

103-2* 

Bammelsbeig    deduces  from  this    third    analysis    the   formula    f  M|*to  [ '^*'^** 

2  [f^n'^r^^*'*^^*™^*  ***®^  ^^  ^^^  ^^*'  ^^'^^  ^®"^'  ^'^^  ^^"^^  ^'*^  ^^ 
and  2*53  magnesia.  The  first  two  analyses,  which  gave  larger  quantities  of  base,  he 
supposes  to  have  been  made  on  samples  which  had  perhaps  lost  some  of  their  add  bj 
weatherins,  or  were  mixed  with  small  quantities  of  triplite  (p.  572). 

The  foUowing  minerals  are  supposed  to  have  been  formed  from  triphyUine  or 
triplite  by  assumption  of  water  and  oxidation,  the  triphylline  also  sometimes  losing 
its  alkalis. 

1.  Black  crystals  from  Norwich,  Massachusetts,  closely  resembling  triphylline  in 
form  and  cleavage,  but  presenting  considerable  variation  in  their  angles  (for  the  mea- 
'surements  see  Dana,  3/t?iera2o^y,  iL  407).  Hardness  ->  5*6.  Specific  grarity  -■  2*876. 
Streak  brownish-red.  Opaque.  Brittle.  Melts  easily  before  the  blowpipe  with  intu- 
mescence to  a  black  mass.    Mean  of  two  analyses  by  Craw.  (Sill.  Am.  J.  [2]  xi.  991 

2.  AUuaudiU,  firom  Chanteloub  near  Limoges.  Brown,  cleaving  like  triplite.  Hara- 
ness  above  4.  Specific  gravity  —  3*168.  Dissolves  in  hydrochloric  aeid  with  evolution 
of  chlorine.    Analysis  by  Damour  (Ann.  Min.  [4]  xiil  341). 

P<0»   F?«OS  lln«OS  MnO  CaO  Na*0  LPO  H<0  SIO* 
Norwich  Crjitalt    43-00    96*69    24  00     .    .     1 79    .    .     2-SS    207    0-30      ■      100*06 
Alluaudita  41*35    25*62      1*06    28*06    .    .     6-47    .    .     2*66    0-60      m       89^ 

Bammelsbeig  suggests  for  these  minerals  the  formule: 

(1)  (M«0.PK)»).(M'^b».2PK)*)  +  aq. 

(2)  (M»O.P«0»).2(2fflO»J»0»)  -h  4aq.; 
but  observes  that  it  is  very  doubtful  whether  they  are  homogp neons. 

*  Th«  exo0M  In  thif  analytlt  U  luppoied  to  have  arisen  fh>ni  an  incorrect  determination  of  the 
Hthia. 
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(8.)p8eudotriplite,  from  Bodenmais  in  Bavaria ;  probably  formed  by  oxidation  of 
triphylline  and  removal  of  the  alkalis  by  water.  Slightly  attacked  by  nitric  acid.  The 
first  of  the  following  analyses  is  by  Fuchs;  the  second  by  Delffs  {BammeUher^9 
Mineralchemie,  p.  332). 

P«0»    :fe«0»  Mn*0«  H«0   SiO« 

86-70    4817    8-94    5-30     1*40       -      99*51 

85-71     51-00    806    4*52    0-71       «     100 

^J^V  .2P*0»  +  2  aq. 

(4.)  A  mineral  from  Ghantelonb,  sometimes  called  Heterosite  (iii  151).  Blnish- 
Tiolet  Specific  ffrayity  »  3*41.  Contains  according  to  Bammelsberg,  32*28  percent. 
PK)*,  81*46  Fe'O*,  8001  MnK)'  and  6*5  water,  whence  perhaps  it  is  constitated 
according  to  the  formnla  dM'O'.SPK)*  +  5  aq. 

8.  Manffanou8Pyrophoaphate,'i£i^TH)\ZBH),  at  100° — Obtained  by  precipita- 
tion as  a  white  amorphous  powder,  which  by  solution  in  sulphurous  acid  and  boiling, 
may  be  converted  mto  nacreous  crystalline  lamine.  It  is  soluble  in  acids  and  in 
ammonia,  insoluble  in  excess  of  the  manganous  salt,  but  easily  soluble  in  the  alkaline 
phosphate,  and  from  this  solution  the  manganese  is  not  precipitated  by  sulphide  of 
ammonium  even  after  long  standing. 

Vliospliates  of  Meronrj*  a.  Metaphosphates. — ^Mercuric  oxide  heated 
with  metaphosphoric  add,  yields  on  cooling  a  salt  which  ctystallisee  with  great 
difi^ul^r. 

A  solution  of  mercuric  nitrate,  mixed  with  ordinarjr  vitreous  metaphosphate  of 
sodium,  yidds  a  white  precipitate,  which  changes  on  agitation  to  a  thicl^  heavy,  oily 
mass. 

Mercurous  nitrate  yields  in  like  manner  a  dense  white  precipitate,  which  becomes 
resinous  on  boiling,  and  dissolves  in  excess  of  sodic  metaphosphate. 

A  mercurous  metaphosphate  cannot  be  produced  in  the  dry  way ;  for  on  heating 
mercurous  oxide  wiUi  phosphoric  add,  menrury  volatilises  and  mercuric  metaphos- 
phate remains  behind. 

fi.  Orihophoaphates, — ^The  trimeroune  salt,  tfg7*0',  is  obtained  as  a  hesvy 
white  powder  by  predpitating  mercuric  nitrate  (not  the  chloride)with  ordinaiy  phosphate 
of  sodium ;  also  by  digesting  mercuric  sulphate  with  a  solution  of  the  alk^ne  phos- 
phate. It  is  insoluble  in  cold  water,  soluble  in  adds,  including  phosphoric  acid ;  also 
in  water  containing  ammonium-salts,  espedaUy  the  chloride,  6  pts.  of  which  dissolved 
in  water  effect  the  solution  of  1  pt.  of  mercuric  phosphate.  It  is  decomposed  by 
aqueous  alkalis  and  alkaline  carbonates,  a  small  quantity  of  mercuric  oxide  being 
sometimes  dissolved.  The  diy  salt  melts  when  heated  to  a  dark  yellow  glass,  whicli 
solidifies  to  an  opaque  mass  on  cooling.    {Handw.  d.  Chem.  vi.  375.) 

Trimereuraus  Phomhate^  Hg7()\  is  precipitated,  on  adding  phosphate  of  sodium  in 
excess  to  mercurous  mtrate,  as  a  white  powder,  mostly  amorphous,  but  sometimes  crys- 
talline ;  soluble  in  excess  of  mercuroas  nitrate ;  insoluble  in  water  and  in  aqueous 
phosphoric  acid ;  resolved  bv  boiling  with  water  into  mercuric  phosphate  and  metallic 
mercury ;  decomposed  in  like  manner  by  hydrochloric  add.  When  the  dry  salt  is 
gentlpr  heated  in  a  tube  metallic  mercury  escapes,  and  mercuric  phosphate  remains  as 
a  residue,  yellow  while  hot,  white  after  cooling.    {Handw.) 

MercuTOtu  PhoBphato-mtraU,  Hg'PO«.HgNO*.H*0.— Obtained  by  adding  phosphate 
of  sodium  to  excess  of  mercurous  nitrate,  as  a  yellow  crystalline  predpitate  which 
is  not  decomposed  by  washing  with  cold  wat«r.  (Gerhardti  Ann.  Ch.  Fharm. 
Ixii.  81.) 

0 

y.  Pyrof>hoipkate8. — 1.  Mtrcurie  salts,  Hg'P'O'  (dried  at  100°).  A  solution  of 
mercunc  nitrate  forms  with  pyrophosphate  of  sodium  a  white  predpitate  which 
becomes  yellowish-red  on  further  addition  of  the  alkali-salt,  and  is  converted  by  an 
excess  of  the  latter  into  a  reddish-yellow  basic  compound;  It  is  insoluble  in  water, 
easily  soluble  in  acids,  insoluble  in  excess  of  sodic  pyrophosphate,  quickly  decomposed 
by  potash  (Gmelin).  Mercuric  chloride  is  not  immediately  precipitated  by  alkaline 
pyrophosphates,  but  after  some  time,  or  more  quickly  when  heated,  a  red  basic  salt  is 
precipitated.    (Handw.,  vi   398.) 

2.  Mercurous  Pifrophosphate,  Hg*P'O^HK)  (at  100°). — Mercurous  nitrate  forms 
with  pyrophosphate  of  sodium  a  white  crystalline  predpitate,  insoluble  in  water, 
soluble  when  recently  precipitated  in  excess  of  the  alkaline  pyrophosphate,  the  solution 
depositing  a  black  powder  when  boiled.    The  salt  dried  at  100°  is  olackened  by  solu- 
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tion  of  sodic  pyrophosphate,  but  not  dissolved.      The   salt  when  ignited  leavM  m 
residue  of  mercuric  metaphosphate.     (Schwarzenberg.) 

FliosirtiateB  of  aiolybd»nmn.  A  solution  of  molybdic  chloride  yields  with 
orthophosphate  of  ammonium,  a  light  red  flocculent  precipitate,  but  the  precipitation  is 
not  complete.  A  filtered  eolation  of  molybdic  dioxide  in  aqueous  phosphoric  acid 
leayes,  on  evaporation,  a  red  viscid  mass  consisting  of  an  acid  salt,  soluble  with  red 
colour  in  ammonia ;  but  the  solution  soon  becomes  turbid,  and  deposits  the  greater  pari 
of  the  salt;  it  becomes  colourless  on  exposure  to  the  air. 

A  solution  of  molybdous  chloride  forms,  with  disodic  orthophosphate,  a  dark  grey 
precipitate,  soluble  in  excess  of  the  molybdous  chloride.  A  solution  of  molybdous 
hydrate  in  phosphoric  acid  yields,  by  spontaneous  evaporation,  a  dark  purple  deliquee- 
cent  mass,  the  ammoniacal  solution  of  which  is  dark  brown  by  transmitted,  black 
and  opaque  by  reflected  light 

Phoaphamolybdie  acid  has  already  been  described  (iii.  1037).  The  yellow  phospho- 
molybdate  of  ammonium,  precipitated  on  adding  a  small  quantity  of  a  soluble  ortho- 
phosphate to  a  solution  of  molybdate  of  ammonium  mixed  with  nitric  or  hydrochloric 
acid,  contains,  according  to  various  authorities,  from  3-14  to  3*82  per  cent.  P*0*, 
and  91-28  to  9270  per  cent.  MoO'.  Zencker  (Jahresb.  1863,  p.  855)  assigns  to  it 
the  formuU  (NH*)«0.6(H*O.MoO«)  +  2(NH*)H-P0*.  By  mixing  a  syrupy  solution  of 
molybdic  trioxide  in  hydrochloric  acid  with  a  small  quantity  of  phosphoric  acid,  and 
saturating  with  potash,  a  mass  of  crystalline  scales  is  obtained,  consisting  of  a  potaa- 
sium-salt,  having,  according  to  Zencker,  the  composition  3(K'O.MoO*).2EH'P0^9H*0 
(see  iii  1037  and  iv.  546). 

Vl&oaphatesofariokel.  a.  Metaphoaphate.'SV'FH)*. — Obtained  by  evaporating 
a  solution  of  nickel-sulphate  in  phosphoric  acid  and  beating  the  residue  to  316°.  It 
is  a  greenish-yellow  powder,  insoluble  in  water  and  in  dilute  acids,  and  not  decomposed 
by  aqueous  alkaline  carbonates  or  sulphides  even  at  the  boiling  heat,  but  decomposed 
by  heating  with  strong  sulphuric  acid  or  by  fusion  with  carbonate  of  sodium. 
(Maddrell.) 

fi.  Orthophosphate^  Ni"P*0*.7H*0.— Light  green  precipitate  insoluble  in  water, 
soluble  in  excess  of  the  nickel-salt,  easily  soluble  in  acids;  gives  off  water  and  turns 
yellow  when  heated. 

The  recently  precipitated  salt  dissolves  in  aqueous  ammonia,  and  on  boiling  the 
solution,  or  mixing  it  with  alcohol,  an  ammonio-nickel  phosphate  is  deposited  in 
light  blue-green  or  apple-green  flocks.  If  the  alcohol  be  carefully  poured  on  the 
solution  so  as  to  form  a  layer  on  the  surface,  the  double  salt  is  gradually  deposited  in 
green  crystalline  grains. 

y.  Pyrophosphate,  lrt*P*0'.6H*0  (at  100°),  is  obtained  by  precipitation  as  a 
light  green  powder,  insoluble  in  water,  easily  soluble  in  acids,  and  separating  in  the 
crystalline  state  from  the  solution  in  sulphurous  acid  :  it  dissolves  in  ammonia  and  in 
excess  of  alkaline  pyrophosphate,  and  the  nickel  is  precipitated  there&om  by  sulphide  of 
ammonium. 

If  the  nickel-salt  contains  cobalt,  the  cobalt-pyrophosphate  is  deposited  from  the 
solution  in  sulphurous  acid  on  boiling,  before  tlie  nickel-salt,  and  on  mixing  the 
ammoniacal  solution  with  alcohol,  the  cobalt-salt  is  precipitated  alone. 

Fbospbate  of  Ommlmn.  An  osmious  phosphate  is  produced  by  burning 
phosphide  of  osmium  in  contact  with  air,  or  dissolving  osmious  hydrate  in  aqueous 
phosphoric  acid.  It  forms  a  dark  blue-green  mass  nearly  insoluble  m  cold  water,  but 
soluble  with  green  colour  in  nitric  acid. 

mosptaate  of  yalladlnm.  When  aqueous  phosphoric  acid  is  boiled  in  contact 
with  palladium,  part  of  the  metal  dissolves,  and  phosphorous  acid  is  likewise  formed, 
which  reduces  a  portion  of  the  dissolved  palladious  oxide,  so  that  as  the  liquid  cools  a 
fllm  of  metallic  palladium  forms  on  its  surface. 

Palladious  nitrate  yields  a  light  yellow  precipitate  with  alkaline  orthophosphates. 

Phospliatefl  of  Pota»rtnm.  a.  Metaphosphates. — Monopotaaaic  ortho- 
phosphate heated  nearly  to  redness  is  converted,  without  melting,  into  the  metaphosphate 
KPO*,  which  melts  at  a  higher  temperature  without  further  alteration  (Graham).  The 
same  salt  is  obtained  by  evaporating  2  pts.  potassic  chlorate  with  1  pt.  of  syrupy 
phosphoric  acid,  strongly  igniting  the  residue,  and  treating  it  with  water :  the  meta- 
phosphate then  remains  as  a  white  powder  (Maddrell).  It  is  nearly  insoluble  in 
water,  but  is  dissolved  by  acids  either  concentrated  or  dilute.  Its  solution  in  acetic 
acid  gives  precipitates  with  chloride  of  barium,  acetate  of  lead,  and  nitrate  of  silver. 

The  dimetapnosphate,  K'^P*OMI*0,  is  prepared  by  digesting  anhydrous  cupric  di- 
metaphosphate  with  a  solution  of  monosulphide  of  potassium  containing  but  little 
Bulphydrute,  and  heating  the  liquid  to  the  boiling  point.     On  adding  a  little  alcohol  to 
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the  filtrate,  the  dimetaphosphate  separates  in  the  fonn  of  a  concentrated  solution,  which 
does  not  crystallise  completely  till  after  some  time.  The  salt  is  soluble  in  1'2  pts.  of 
water  either  hot  or  cold ;  the  solution  has  a  saline,  somewhat  bitter  taste.  At  100°  it 
gives  off  all  its  water  without  any  molecular  alteration  of  the  residual  salt,  but  at  a  low 
red  heat  it  is  converted  into  monometaphosphate,  which  melts  at  an  incipient  white 
heat,  and  solidifies  in  the  crystalline  form  on  rapid  cooling.     (Fleitmann.) 

Metapho&phaies  of  Poiauium  and  Ammonium. — ^When  1  at.  dimetaphosphate  of 
potassium  and  1  at.  of  the  corresponding  ammonium-salt  are  mixed  ana  evaporated, 
.  ..  ^-^  .  «.  .  «    .     afterwards  a  salt  containing  more 

would  probably  exhibit 
same  proportion  of  cry- 

stallisatioa  water  as  dimetaphosphate  of  potassium,  and  gives  it  all  off  at  160°. 

(Fleitmann.) 

/B.  drtkophosphates. — The  monopotassic  or  di-acid  salt,  KH*PO*,  is  obtained  by 
mixing  potassic  hydrate  or  carbonate,  or  either  of  the  two  following  salts,  with 
sufficient  aqueous  phosphoric  acid  to  produce  a  slight  acid  reaction.  On  evaporating 
the  solution,  the  sidt  is  deposited  in  l»rge  regular  dimetric  crystals,  having  a  pure  acid 
taste,  easily  soluble  in  water,  but  insoluble  in  alcohol.  It  undergoes  no  alteration  at 
200°,  but  at  a  low  red  heat  it  gives  off  its  water,  and  is  converted  into  meta- 
phosphate. 

The  dtpotassic  or  mono-acid  salt,  K'HPO*,  is  produced  by  mixing  aqueous  pho9- 
phoric  acid  with  a  sufficient  quantity  of  alkali  or  alkaline  carbonate  to  produce  a  slight 
alkaline  reaction,  and  evaporating.  It  crystallises,  according  to  Berzelius,  in  irregular 
forms ;  according  to  Graham  it  is  uncrystallisuble.  It  is  easily  soluble  in  water,  in- 
soluble in  alcohol,  and  is  converted  into  pyrophosphate  by  ignition. 

The  tripotassic  or  neutral  salt,  K'PO^,  is  prepared  by  igniting  phosphorie  acid  or 
either  of  the  preceding  salts  with  the  requisite  quantity  of  potassic  hydrate  or  carbonate. 
By  solution  and  evaporation  it  may  be  crystallised  in  needles  which  sre  very  soluble  in 
water,  but  not  deliquescent.  The  dry  salt  is  permanent  in  the  air ;  the  solution  ab- 
sorbs carbonic  acid  (Graham).  When  strongly  heated  it  melts  to  an  enamel-like  maf^s, 

BaryUhpotassio  phosphate. — By  igniting  1  at  barytic  pyrophosphate,  Ba^P'O^  with  1 
at.  potassic  carbonate,  a  mass  is  obtained  which,  when  washed  with  water,  yields  a 
solution  containing  potash  and  phosphoric  acid,  while  the  residue  contains  the  salt 
Ba''KFO^  together  with  a  large  qiumtity  of  tribarytic  phosphate. 

Calcio-potassie  phosphate,  CarKPO*,  is  funned  by  igniting  together  equivalent 
quantities  of  potassic  carbonate  and  dicaldc  phosphate.    (H.  Rose.) 

Magnrsio-potassic  phosphate,  Mg'TCPO^  obtained  in  like  mannOT,  is  sparingly 
soluble  in  water,  and  may  be  completely  washed  with  dilute  aqueous  ammonia. 
(H.  Rose.) 

7.  Pyrophosphates  of  Potassium. — The  dtpotassic  or  arid  salt,  K*H*PK)', 
is  prepared  by  dissolving  the  neutral  salt  in  acetic  acid,  and  adding  almhol ;  it  then 
sepanites  as  a  syrup,  which  must  b^  washed  several  times  with  alcohol  to  remove 
the  potassic  acetate,  and  then  dried  over  oil  of  vitriol.  It  is  white,  and  very 
deliquescent.  The  aqueous  solution  is  acid,  and  is  not  decomposed  by  boiling. 
(Schwarzenberg.) 

The  tetrapotassio  or  neutral  salt,  K^PH)^,  is  formed  by  the  ignition  of  dipotassic 
orthophospfaiate ;  but  the  residue  when  dissolved  in  water  takes  up  basic  water,  and  is 
reconverted  into  orthophosphate.  The  neutral  pyrophosphate  may,  however,  be 
obtained  in  a  permanent  state  by  treating  an  alcoholic  solution  of  potadi  with  a  slight 
excess  of  ordinary  phosphoric  acid,  and  afterwards  adding  alconol  till  the  liquid 
becomes  milky ;  in  the  course  of  24  hours  a  dense  acid  syrup  separates,  which  is  a 
mixture  of  the  di-  and  tetra-potassie  ortbophosphates.  The  syrupy  mixture  is  then 
evaporated  to  dryness  in  a  platinum  dish  and  ignited,  whereby  a  mixture  is  obtained 
consisting  of  pyrophosphate  and  metaphosphate  of  potassium,  which  can  readily  be 
separateC  in  consequence  of  the  insolubility  of  the  latter  salt  in  water.  Pyrophosphate 
of  potassium,  after  ignition,  forms  a  white  fused  mass,  which  deliquesces  very  rapidly 
in  the  air;  its  aqueous  solution  has  an  alkaline  reaction,  and  may  be  boiled  without 
being  converted  into  orthophosphate.  This  change  takes  place,  however,  when  the 
solution  of  the  salt  is  boiled  with  caustic  potash.  When  a  syrupy  solution  of  pyit)- 
phosphate  of  potassium  is  evaporated  over  oil  of  vitriol,  it  solidifies  to  a  brilliant  white 
mass  consisting  of  £^PH)'.3H'0.  One  atom  of  wat«^r  is  driven  off  below  100°,  but 
the  salt  is  rendered  anhydrous  only  at  a  temperature  of  300°.     (Schwarzenberg.) 

Ammonio-potassie  pyrophosphate,  2K*(NH*)HP*0'.H*0.— This  salt  remains  when 
monopotassic  pyrophosphate  is  saturated  with  ammonia,  and  the  concentrated  solution 
is  evaporated  over  a  mixture  of  quicklime  and  sal-ammoniac  It  is  white,  deliquescent, 
and  very  soluble  in  water,  forming  an  alkaline  solution,  which  decomposes  on  boiling, 


576      PHOSPHORUS :  OXIDES  AND  OXYGEN-ACIDS. 

with  eyolution  of  ammonia,  ultimately  leaving  nothing  but  monopotaasic  pyrophosphate. 
(Schwarcenberg.) 

CkronUcthjtotassic  pyrophogphate. — Chromic  pyrophoaphate  dissolves  in  exeem  of 
potaaslc  pTiophosphate,  forming  a  green  solution  which  is  not  precipitated  by  salphydric 
acid  or  sulphide  of  ammonium. 

Cuprioo-potassie  pyrophosphate,^  Cu'^'P'OMl*0  (Persoz).— Cupric  pyrophosphate 
disBOlTea  in  excess  of  the  potassic  salt,  but  the  resulting  double  salt  has  not  been 
obtained  in  the  solid  state,  the  solution  when  evaporated  depositing  cupric  pyrophos- 
phate. FersoE  has,  however,  determined  the  composition  of  the  dissolved  salt  by- 
mixing  a  titrated  solution  of  cupric  nitrate  with  a  titrated  solution  of  potassic  pyro- 
phosphate till  the  precipitate  which  is  formed  at  first  redissolves. 

A  piece  oriron  immersed  in  the  aqueous  solution  of  the  double  salt  becomes  covered 
in  a  few  days  with  microscopic  dystids  of  metallic  copper ;  in  like  manner  zinc  pre- 
cipitates the  copper  from  this  solution,  but  slowly  and  imperfectly. 

Vbospliate  ofBliodiiuii*  Rhodic  oxide,  mixed  with  phosphoric  add  and  heated 
to  redness,  yields  a  brown  mass,  from  which  water  removes  the  excess  of  acid,  but  at  the 
same  time  takes  up  a  portion  of  the  salt,  acquiring  thereby  a  dark  brown  colour, 
changing  to  light  ydlow  on  dilution. 

Fhospliates  ot SUwer.  a.  Me iaphosphate s. — The  dimetaphoephate,  Ag^O*, 
is  obtained  by  precipitating  nitrate  of  ,silver  with  the  corresponding  sodium-salt^  as  a 
crystalline  powder,  or  in  smaU  distinct  crystals,  according  to  the  degree  of  concentration 
of  the  solution  used.  It  is  slightly  soluble  in  water,  and  melts  when  heated  to  a  trans- 
parent glass,  which  is  insoluble  in  water. 

The  irimetaphoephaU,  Ag'P'O'.H'O,  separates  gradually  from  a  moderately  con- 
centrated mixture  of  silver  nitrate  with  sodic  trimetaphosphat«,  in  ciystals  appiirently 
monodinic,  soluble  in  60  pts.  of  cold  water,  and  separating  unaltered  on  evaporating 
the  solution  addulated  with  nitric  acid.  It  gives  off  its  water  at  100°  (not  over  oil  of 
vitriol  at  ordinary  temperatures),  and  when  about  half  the  water  has  gone  off  f  about 
\\  per  cent.)  the  remaining  salt  is  soft,  has  an  add  reaction,  and  perhaps  consists  of 
hexmetaphosphate. 

The  tnmetaphosphate  has  a  great  tendency  to  form  double  salts,  so  that  the  crystals 
obtained  as  above  always  contain  a  certain  quantity  of  sodium-salt,  unless  a  laige  ex- 
cess of  silver-nitrate  has  been  used  in  preparing  them. 

Hexmetaphoephate,  Ag*P*0**,  separates  in  shining  ciTstals  when  oxide  of  silver  is 
melted  with  excess  of  phosphoric  acid  and  the  mass  is  left  to  cool  slowly.  Formed 
also  by  precipitating  a  solution  of  recently  ignited  metaphosphoric  acid  in  ice-cold 
water  with  nitrate  of  silver.  It  is  white,  insomble  in  water,  becomes  soft  and  semi- 
fluid at  102°,  and  melts  to  a  transparent  glass  at  a  higher  temperature.  It  is  decom- 
posed by  sulphide  of  sodium,  yielding  Graham's  deliquescent  metaphosphate  of 
sodium.  By  prolonged  boiling  with  water,  it  gives  up  part  of  its  acid,  and  is  con- 
verted into  a  ropy  mass,  consisting,  according  to  Berzelius,  of  3Ag*0.2P-0*,  or 
Ag«P«0'«. 

$.  Orthophoephates. — The  di-ai^entic  salt,  Ag'HPO\  is  produced  by  dissolving 
the  tri-argentic  salt  in  phosphoric  acid,  or  by  mixing  nitrate  of  silver  with  a  lai^re 
excess  of  phosphoric  add  and  evaporating  fBerzeliu  s),  and  often  separates  on  mixing 
a  solution  of  the  tri-argentic  salt  in  phosplioric  acid  with  ether  (Scnwarzenberg). 
By  evaporation  of  the  acid  solution,  it  is  obtained  in  colourless  crystalline  lamina.  It 
is  immediately  resolved  by  contact  with  water  into  the  tri-argentic  salt  and  free  phos- 
phoric add.  * 

The  tri^rgentic  salt,  Ag'FO*,  is  obtained  by  precipitating  nitrate  of  silver  with  any 
alkaline  orthophoephate.  It  is  a  lemon-yellow  powder,  the  colour  of  which  affords  a 
characteristic  test  for  orthophosphoric  add,  the"  other  two  modifications  giving  white 
predpitates  (pp.  638, 589, 542).  It  is  insoluble  in  water,  but  easily  soluble  in  acids,  even 
m  acetic  add ;  also  in  aqueous  ammonia,  and  is  deposited  on  evaporating  the  ammoni- 
acal  solution  in  yellow  crystalline  grains.  It  is  blackened  and  decomposed  by  exposure 
to  light,  assumes  a  transient  dark  orange-red  colour  when  heat«d,  and  mdts  at  a  strong 
red  heat. 

y.  Pyrophosphate,  A^PH)''  or  2Af^^0*. — ^Formed  by  predpitating  nitrate  of 
silver  with  either  acid  or  neutral  pyrophosphate  of  sodium,  the  toipernatant  liquid 
being  neutral  in  either  case.  It  is  a  white  powder,  of  specific  gravity  6 '806  at  75°; 
contains  no  water ;  fuses  somewhat  below  a  red  heat,  without  any  decomposition,  and 
forms  a  dark  brown  liquid,  which  on  cooling  solidifies  to  a  white,  radiated  mass ; 
assumes  a  reddish  colour  on  exposure  to  light.  When  boiled  with  ordinary  phosphate 
of  sodium,  it  is  immediately  decomposed,  yielding  yellow  tri-argentic  phosphate  and 
aqueous  pyrophosphate  of  sodium :  probably  in  this  manner: 

3Ag*P«0'   +   4Na«HP0*     -     4Ag»P0«  +   Na*P»0'   +   2Na«H=P•0^ 
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Aooozding  to  tfaii,  the  water  should  eontain  both  mono-  and  di-aodio  pjrophoflphate. 
Fyrophoaphate  of  aQver  diaaolTes  readilj  in  cold  nitrie  add;  bntiHien  boiled  with 
either  nitrie  or  snlphnric  acid,  it  is  conTorted  into  the  orthophosphate,  so  that  the  so- 
Intion  giTea  a  yellow  precipitate  on  addition  of  ammonia.  Aqueous  hydrochloric  acid 
oouTerts  it  into  chloride  of  silver  and  f^  phosphoric  add.  It  dissolves  with  tolerable 
facility  in  ammonia,  and  is  thrown  down  unchanged  by  adds.  It  is  insoluble  in 
acetic  add,  and  not  altered  by  boiling  with  water  (Stromeyer);  insoluble  in 
solutions  of  the  pyrophosphates;  veiy  slightly  soluble  in  silrer-nitrate.  (Schwar- 
zenberg.) 

8.  FUitmann  and  Henn^erfs  SUver-phosphatea, — ^These  salts  are  obtained  by 
predpitating  the  corresponding  sodium-salts  (p.  637)  with  nitrate  of  silver.  The  salt 
Aj^PK)"  or  3AgH).2PH)*  dissolves  in  a  large  excess  of  the  sodium-salt ;  it  is  insoluble  in 
water,  but  is  d^mpoeed  by  prolonged  washmg  with  water,  phosphoric  add  dissolving 
out.  It  melts  at  a  moderately  high  temperature.  It  is  perhaps  identical  with  the  salt 
which  Berzelius  obtained  by  prolonged  boiUngofdi-argenticphosphate  with  water  (p.  576). 

The  salt  Ag^F'O**  or  6Ag*0.6PH>*  is  easily  soluble  in  excess  of  the  oonesponding 
■odium-salt 


composition 

orthophosph     ,  .  ^      ^  , ^, 

Na(NA^)HPO*,  and  most  advantageously  from  the  last-mentioned,  which  is  easily  pre- 
pared pure.  The  resulting  metaphosphates,  as  flist  shown  by  Ghraham,  exhibit  cod- 
mdcorable  diversity  of  character,  according  to  the  degree  of  heat  applied  and  the 
quicbiess  or  slowness  of  the  rate  of  coolmg — differences  which,  as  already  observed, 
are  attributed  to  polymeric  modifications  (p.  538). 

Monosodic  pyrophosphate  and  orthophosphate,  when  heated  for  some  time  to  200^ 
— 250^,  give  off  nearly  aU  their  water  of  crystallisAtion,  and  the  remaining  salt,  after 
being  heated  to  about  815^,  retains  scarcely  one-third  per  cent  water.  If  it  be  then 
treated  with  water  after  cooling,  the  greater  port  dissolves  as  pvrophosphate,  while  a 
small  Quantity  of  metaphosphate  remains  behind.  After  the  salt  has  been  heated  more 
strongly  and  for  some  minutes  to  near  redness,  the  residue  is  for  the  most  part  inso- 
luble, and  consists  of  mono-metaphosphate.  When  strongly  ignited  it  melts,  and 
after  verv  slow  coding  yields  a  cxystallisable  salt  containing  sodic  tri-metaphos- 
phate ;  by  rapid  oooUng,  on  the  other  hand,  it  is  converted  into  vitreous  hexmeta- 
phosphate.  In  like  manner  mierocosmic  salt,  when  exposed  to  a  gradually 
increasing  temperature,  first  gives  off  crystAllisation-water  and  ammonia,  leavinff  a 
very  add  solubfo  salt,  consisting  chiefiy  of  disodic  pyrophosphate;  bat  on  increasmg 
the  heat,  more  water  goes  off,  and  there  remains  a  metaphosphate  which  melts  at  a 
red  heat — ^Dimetaphoq>hate  and  tetrametaphosphate  of  soaium  are  obtained  from  the 
eorreeponding  copper  and  lead-salts  by  douole  decomposition. 

1.  The  moncmetapAoipkate,  NaPO",  obtained  as  above,  or  hj  fturing  2  pts.  nitrate  of 
sodium  with  1  pt  of  syrupy  phosphoric  add  at  a  strong  heat,  and  wasning  out  the 
product  with  odd  water,  is  a  dense  white  powder,  nearlv  insoluble  in  water,  even  at 
the  boiling  heat,  but  easily  dissolved  by  adds  (Maddrell).  By  boiling  with  canstio 
alkalis  it  is  slowly  converted  into  orthophosphate. 

2.  2)i'jii«tepAMf»Aa^  Na'PK)' 2HK).--0btaine^ 

(p.  560)  with  a  wazm  solution  of  monosulphide  of  sodium,  fiUering  when  the  solution 
retains  only  a  slight  alkaline  reaction,  evaporating  in  contact  with  the  air,  dissolving 
the  red^hie  in  water,  and  gradually  adding  an  equu  volume  of  alcohol  of  80  per  cent 
It  then  separates  in  ooneentric  groups  c3  Ions  needles.  This  salt  dissolves  in  7*2 
pts.  water,  dther  hot  or  cold,  forming  a  nentnlsolution,  which  ma^  be  kept  for  months 
without  alteration  in  the  cold,  but  is  converted  by  prolonged  bdling  into  orthophos- 
phate without  passing  through  the  intermediate  stsge  of  pyrophosphate.  It  gives  off 
all  its  water  at  100^ ;  the  dry  salt  absorbs  water  trom  the  air,  and  becomes  hot  when 
mixed  with  water.  It  lepantes  unaltered  from  a  sdution  in  caustic  soda  on  evapora- 
tion, and  from  solution  in  hvdzochloric  add  on  addition  of  alcohol ;  but  when  heated 
with  adds,  especially  with  strong  sulphuric  add,  it  yields  orthophosphoric  acid. 
(Fleitmann.) 

Sodi4hammomo  I>m€taph>9pkaie,  NarKH«)P*0'.H*0,  crystallises  on  adding  alcohol 
to  a  solution  of  the  dimetaphosphates  of  sodium  and  ammonium  in  equivalent  propor- 
tions. The  crystals  resemble  those  of  the  sodio-potassic  salt  are  less  soluble  in 
water  than  di-metaphosphate  of  ammonium,  but  more  soluble  than  the  sodium-salt. 
It  gives  off  its  water  at  100^.    (Fleitmann.) 

Bodiojfotamc  dimetapkoipkate,  NaKFH)*.HK),  separates  as  a  crystalline  powder  on 
mixing  the  concentrated  solutions  of  the  component  salts  in  equivalent  proportion ;  also 
on  mixinff  the  potassium-salt  with  chloride  of  sodium,  or  the  sodium-sdt  with  chloride 
of  potassium.    Dilute  solutions  yield  the  double  salt  in  larger  crystals  by  spontaneous 

Vou  IV.  P  P 


678       PHOSPHORUS :  OXIDES  AND  0XT6EN-ACn)S. 

efraporatioii.  It  dissolTM  in  24  pts.  of  cold  water.  The  OTstals  do  not  give  off  all 
their  water  of  cnrstallisatioD  at  160° ;  at  higher  temperatures  the  salt  mdts,  and  is 
converted  on  cooling  into  transparent  easily  soluUe  hexmetaphoephata.  (Fleitmann.) 
Soduh-argentic  ditnetapkoaphate,  NaAgP*0*,  separates  gndnulj  from  a  solution  of 
silver-nitrate  mixed  with  excess  of  the  sodinm-sut,  in  beantifol,  transparent,  monoeU* 
nic  crystals.  When,  on  the  contrary,  an  excess  of  silrer-nitrate  is  nsed,  smaller  cry- 
stals are  obtained  consisting  of  pure  argentic  dimetaphosphate.  (Fleitmann  and 
Henneberg.) 

8.  Tnmetaphaaphate  of  Sodium,  Na«PK)».6HK)  or  3Na*0.3PK)».12H»0  (ciystal- 
lisable  metaphosphate),  is  formed  by  exposing  microcosmic  mlt  to  a  moderate  heat 
(Or  a  ham),  or  by  slow  cooling  of  the  strongly  heated  and  fused  salt  (Fleitmann 
and  Henneberg).  A  considerable  mass  of  the  salt^  left  to  cool  Tery  slowly,  becomes 
beautifully  crystaUine,  and  if  then  dissolved  in  a  moderate  quantity  of  warm  water, 
yields  a  milky  liouid,  which  separates  on  standing  into  two  layers,  the  larger  of  which 
yields  the  crystalline  salt  on  evaporation.  The  £iest  crystals  are  obtained  by  living 
the  concentrated  solution  to  evaporate  in  shallow  vessels.  The  crystals  are  obliqne 
rhombic  prisms,  having  a  coohng  saline  taste,  soluble  in  4*5  pts.  of  cold  water, 
mringly  soluble  in  aqueous  alcohol,  insoluble  in  absolute  alcohoL  The  aqueous  solo- 
tion  is  permanent  in  the  cold,  but  turns  add  on  boiling,  and  is  quicldv  converted  into 
add  or&ophosphate ;  the  same  change  is  more  quickly  produced  by  dilute  adds.  The 
crystals  do  not  melt  in  their  water  of  crystallisation  when  heated.  At  100^,  or  in 
vacuo  over  oil  of  vitriol,  they  give  off  \l  of  their  water,  the  laat  portion  being  expelled 
only  at  a  much  higher  temperature. 

Trimetaphosphate  of  sodium  forms  soluble  double  salts  with  the  two  oorrespondxng 
salts  of  the  alkaline  earth-metals  and  the  diatomic  heary  metals. 

Soduhbarytie  trimetaphoaj^hate,  Ka^al^'^HK),  separates  in  stellate  groups  of 
crystals  from  a  filtered  solution  of  1  pt.  chloride  of  banum  and  2  to  8  pts.  trimeta- 
phosphate of  sodium.  It  is  somewhat  more  soluble  in  water  than  the  pure  barium-salt 
(p.  553).  The  crystals  eive  off  5  at.  water  at  100^,  the  rest  without  tumefaction  at  a 
■tronger  heat  The  sligntly  ignited  unfused  mass  is  insoluble  in  water,  but  becomes 
•asily  soluble  after  fusion. 

4.  Tarametapkonhateof  8odium,^d^VK>^*  with  3  or  4 at  HH),or4NaK).4F*0*with 
6  or  8  at.  H*0. — This  salt  is  prepared  by  digesting  the  corresponding  lead-salt  witli 
monosulphide  of  sodium.  The  action  takes  place  quicklv  uid  with  rise  of  temperature, 
the  mixture  swelling  up  and  solidifying  to  a  coherent  elastic  cake  consistins  of  sodie 
tetrametaphosphate  mixed  with  finely  divided  sulphide  of  lead,  and  Uie  liquid 
remaining  gummy  even  when  diluted  with  100  times  its  bulk  of  water,  so  that  it  can 
scarcely  be  filtered.  By  adding  alcohol  to  the  dilute  solution,  the  salt  is  predpitated 
as  a  colourless  elastic  ropy  mass,  like  caoutchouc.  The  solution  is  neutral,  and  dries  up 
by  spontaneous  evaporation  to  a  transparent  fissured,  non-hygroscopic  mass.  The 
salt  melts  when  heated,  and  is  converted  into  hexmetaphosphate  of  soaium. 

Tetrametaphosphate  of  sodium  forms,  with  the  salts  of  the  alkaline  earth-metal^ 
insoluble  elastic  compounds^  which  by  prolonged  contact  with  water  are  converted  into 
orthophosphates.    (Fleitmann.)  ^ 

SoduHsuprio  tetrametaphoanhaU,  Na*Cu*F*0**,  is  obtained  by  mixing  the  dimeta- 
phosphates  of  copper  and  sodium,  adding  one-fourth  as  much  free  phosphoric  acid  as 
the  two  salts  together  contain,  evaporating,  and  heating  the  dry  residue  to  800°. 

Soduhfitagnene  metaphosfhate,  Na'M^P^O". — ^When  phosphoric  add  prepared 
from  bones  and  freed  f^m  lime  and  sulphuric  acid  (p.  580)  is  evaporated  down,  and 
then  heated  for  some  time  to  310°,  metaphosphate  of  magnesium  separates  out  firs^ 
and  then,  after  longer  heating,  the  sodio-magnesic  salt,  as  a  white  powder,  insoluble  in 
water,  hydrochloric  acid  and  nitromuriatic  add,  and  soluble  only  in  strong  sulphuric 
add  (Maddrell).  This  salt  has  the  compodtion  of  a  di-  pr  tetrametaphosphate,  but 
the  particular  moaification  to  which  it  belongs  is  not  exactly  known. 

When  sulphate  of  cobalt  is  heated  to  316°  with  impure  phosphoric  add  containing 

Bodic  metaphosphate.  A  double  salt,  containing  Na'Co'F'O**,  separates  as  a  powder  of 
a  fine  rose  colour,  insoluble  in  water  and  in  acids,  even  in  strong  sulphuric  add.  A 
nsc^-salt  of  analogous  composition  is  obtained  in  like  manner  as  a  greenish  powder, 
soluble  only  in  strong  sulphuric  add. 

5.  Eexmetaphoaphate  of  Sodium,  Ka*P*0**  or  6NaK).6PO*  {ddiqueacent  or  vitreous 
metaphosphate  ;  O  r  a  h  a  m's  metaphosphate).  This  salt^  obtained  by  rapid  cooling  of  the 
melted  mass  (p.  577X  forms  an  amorphous,  colourless  elass  which  quickly  absorbs 
moisture  from  toe  air  and  deliquesces.  It  dissolves  easHy  in  water  and  in  alcohol, 
forming  slightly  add  solutions.  When  dried  in  the  air  at  30°,  it  becomes  visdd  and 
dries  up  to  a  transparent  gum.  The  salt  dried  in  vacuo  contains  1  at  soda  to  more 
than  l|  at  water  (or  I  at.  Na  to  1^  at  H.),  and  it  still  retains  1  at  water  after  drying 
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at  100^,  but  ia  then  eonTerted  into  disodic  pyrophospliate,  Na'H'JW.  The  aqueous 
Bolution  does  not  undergo  any  change  either  in  the  cold  or  when  boiled  either  alone  or 
with  caustic  soda.    (G-raham.) 

Soduhammome  HexmetaphospkaU, — ^When  the  solution  of  the  salt  just  described  is 
eyapoiatod  with  sal-ammoniac  and  then  mixed  with  alcohol,  this  double  salt  separates 
as  a  syrup,  which  may  be  purified  by  solution  in  water  and  reprecipitation  with 
alcohoL  It  contains  soda  and  ammonia  in  proportions  varying  between  1 :  1  and  5:1. 
(Fleitmann.) 

fi.    Orthophoaphatea  of  Sodium.-— The   monoaodio  aaU,   KaH>!POMI*0    - 

a^,q[P'0*.2H,*0,  IB  obtained   by  mixing  the  solution  of  the  disodic  salt  wit^ 

phosphoric  add  till  it  no  longer  precipitates  chloride  of  calcium.  The  solution  con- 
centrated and  cooled  deposits  ue  salt  in  rather  laige  ciystals  belonging  to  the  trimetrio 
system.  The  more  oidinaiy  form  has  the  axes  a:bie  ^  0*9342  :  1 :  0-9573.  Angle 
ooF  :  ooP  «  86^  6';  j^co  :  f  oo  (basal)  »  91<>  24'.  The  dominant  combination  is 
odP  .  oP  with  the  faces  Poo ,  P,  ool^oo ,  and  others  subordinate.  Sometimes,  however, 
the  salt  ciTstallises  in  another  form,  also  trimetric  and  isomoiphous  with  monosodio 
arsenate,  NaH'AsO^H^O.  In  this  form  the  axes  aih  i  o  ->  0*8170  :  1  :  0-4988. 
Angle  P  :  P  (brachyd.)  -  133®  48' :  P  :  P  (maciod.)  -  122°  3^ ;  P  :  P  (basal)  =. 
760  38';  ooP :  ooP  =  78°  30';  f^  :  Poo  (basal)  «  63°  7';  2fao,  2foo  (basal)  - 
83^  59'.  Principal  faces  ooP,  P,  with  Poo  and  2Poo  subordinate.  The  salt  is  there- 
fore dimorphous  (Kopp).  By  rapid  crystallisation  of  a  strongly  concentrated  solu- 
tion, or  from  a  solution  of  the  msodic  salt  mixed  with  nitric  acid,  it  separates  in 
crystals. 

The  ciystallised  salt  has  a  specific  gravity  of  2*040.  It  gives  off  all  its  crystallisa- 
tion water  at  100^,  melts  at  204^,  giving  off  1  at  basic  hydrogen,  and  being  converted 
into  pyrophosphate,  and  at  235°  it  gives  off  the  last  atom  of  hydrogen,  leaving  a 
residue  of  metaphosphate.  It  is  easUy  "soluble  in  water,  insoluble  in  aloohoL  The 
solution  forms  a  yellow  precipitate  with  silver-nitrate,  but  the  precipitation  is  not 
complete,  as  the  nitric  add  which  is  set  free  holds  a  portion  of  the  silver  phosphate  in 
solution. 

DUodie  Orthophoapkate  or  Monoaeid  PhoaphaU  of  Sodium,  Ka*HPO«  or   ^^  I  P*0*, 

alsocalled  ordinary  or  neutral  phoaphate  of  aoda;  aalmirabHeperlatum, — ^This  salt  occurs 
in  the  blood,  especially  in  that  of  poultry,  and  in  urine.  It  is  easily  prepared  by  adding 
caustic  soda  or  sodic  carbonate  to  orthophosphoric  acid  till  the  liquid  becomes  sUghtl^ 
alkaline.  It  is  obtained  in  larger  quantities  from  bone-phosphoric  add,  which  for  this 
purpose  must  be  free  from  excess  of  sulphuric  add,  but  may  contain  lime  or  ma^esia ; 
3  pts.  of  burnt  bones  are  digested  for  about  24  hours  with  2  pts.  sulphuric  acid  and 
24  pts.  water ;  the  resulting  paste  is  washed  with  warm  water,  and  the  liquid  is  mixed 
with  sufS,cient  carbonate  of  sodium  to  produce  a  slieht  alkaline  reaction.  The  lime  and 
maenesia  are  thereby  predpitated  as  trimetallic  phosphates,  any  arsenious  or  arsenic 
add  that  may  be  present  being  precipitated  at  the  same  time.  The  solution  is  then 
evaporated  to  the  crystallisins  point,  the  more  soluble  foreign  salts  remaining  in  solu- 
tion, and  the  crystals  of  disomc  orthophosphate  which  separate  are  purified  by  solution 

and  recrystallisation.  

The  crystals  thus  obtained  contain  12  or  24  at.  water   -    Ka'HP0M2HK)  or 

JJq  [  P'0'.24H*0.    They  are  monodinic  prisms,  having  the  axes  aih'.o^  0-5773 : 

1  :  0-8211.  Angle  of  inclined  axes  -  58^80'.  cx>P  :  ooP  (orthod.)  »  1120  10'; 
+  Poo  :  0  «  70<>  42';  +  2Pao  :  o  «  37**  17' ;  oP  :  ooP  -  73<'  8'.  Ordinary  combination 
ooP  .  oP  .  +P  .  +2Poo,  like  figure  295  (CBTsnAixoOBAPHT,  ii  154).  Isomorphous 
with  disodic  arsenate,  Na'HAsO*.12H*0.  The  crystals  are  luger  and  better  developed 
when  they  contain  a  small  quantity  of  sodic  carbonate. 
A  solution  of  the  salt  left  to  evaporate  at  33^  deposits  crystals  containing  Ka*HPO*. 

7HK)  or    j^«o  [^'0*.14H*0.    These  crystals  are  monodinic,  having  the  axes  a-.bie 

=>  0*8271 :  1 :  1*099.  Angle  of  inclined  axes  «  83^  0'.  Angle  o»P  :  ooP  (orthod.) 
-  101®  14';  ooP2:  odP2  (orthod.)  -  62®;  +Pflo  :  o  a  45°  27';  oP  :  odP  - 
85^  34'.  Combination  o»P .  oP .  ooPoo  .[ooPoo].  -I- P  .  -P  .  +  Poo.  Cleavage 
parallel  to  ooPoo .  The  ciystals  are  isomorphous  with  those  of  the  corresponding  sodie 
arsenate,  Na'HAs0^.7H'0.    They  do  not  effloresce  on  exposure  to  the  air. 

The  crystals,  Na*HP0M2H'0,  have  a  specific  gravity  of  1-625  (Schifi;  Jahresb. 
1859,  p.  16);  they  mdt  in  their  water  of  crystallisation  at  35^,  and  the  salt  after  fusion 
and  solidification  has  a  spedfic  gravi^  of  1  -586  at  8°.  The  crystals  expand  in  the  ratio 
of  1 :  1*001  between  0°  and  20^ ;  and  of  1 :  1005  between  O''  at  35°;  at  the  moment  of 
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Auion  the  yolnme  increases  by  5*1  per  cent.,  so  that  the  ▼olume  of  the  liquid  salt  at  36° 
is  to  the  original  Yolome  at  0^  as  1*056  :  1  (H.  Kopp,  Jahresb.  1855,  p.  45).  The 
crystals,  when  exposed  to  the  air  at  ordinary  temperatures,  effloresce  without  disinte- 
grating; at  a  gentle  heat,  even  at  80^ — i(P,  and  likewise  in  vacuo  over  oil  of  Titriol, 
they  ^adually  give  off  all  their  water  of  crystallisation,  and  the  anhydrous  salt^  if  ex- 
posed to  moist  air,  gradually  takes  up  7  at.  water.  The  specific  gravity  of  the 
anhprdrousealt,  Na*HPO\  is  1*619  (Schiff).  When  heated  to  redness  it  gives  off  its 
basic  hydrogen  and  is  reduced  to  neutral  sodic  pyrophosphate. 

The  crystols  with  12  (or  24)  at.  water  dissolve  in  4  pts.  of  cold  and  2  pts.  of  hot 
water ;  a  boiling  saturated  solution  contains  112  pts.  of  tne  crystallised  salt  to  100  pts. 
water,  and  boils  at  106*6  (Liebig).  According  to  Ferrein  (Jahresb.  1858,  p.  117) 
1  pt  of  the  crystallised  salt  dissolves  in  11*73  pts.  water  at  13°,  and  the  salt  is  soluble 
in  almost  all  proportions  of  boiling  water.  According  to  Neese  (Jahresb.  1863, 
p.  180),  1  pt.  of  the  salt  dissolves  in  6*7  pts.  water  at  15<>,  in  5*8  pts.  at  20^  and  in 
3*2  pts.  at  25°.  The  solution  saturated  at  15°  does  not  deposit  any  crystals  after 
standing  for  eighteen  hours  at  12°.  Hence  Neese  regards  Liebig's  statement  regarding 
the  solubility  of  the  salt  as  more  correct  than  that  of  Ferrein  ;'Witt8tein  (Arch.  Fhann. 
cxv.  43)  r^ards  the  latter  as  the  more  exact — The  7-  or  14-hydrated  salt  Na*HPO*. 
7H*0  or  2Na*0.HK)J^0*  •»•  14  aq.  dissolves,  according  to  Neese,  in  8  pts.  water  at  23^. 
According  to  Foggiale  (J.  Fharm.  [3]  xliv.  273 ;  Jahresb.  1863,  p.  181),  100  pts. 
wat«r  at  varioos  temperatures  dissolve  the  following  quantities  of  the  salt  dried 
at  100°:— 


TcrapvatUTM*  W«l(ht  or  salt 

NaSHPO«  diiiolved. 

0°   .  .  .  1*55 

10    .  .  •  4*10 

20    .  .  .  1108 

80    .  .  .  19*95 

40    .  .  .  80*88 

50    .  .  .  48*81 


TemperatorM.  Wright  of  nic 


60° 

70 

80 

90 
100 
106-2 


Na^HPOi  dUMlved. 
55*29 
68*72 
81*29 
95*02 
108*20 
114*43 


Aooozding  to  Sohiff  (Ann.  Ch.  Fhann.  cviii.  826;  Jahresb.  1858,  p.  88)  the 
densities  of  solutions  of  various  strengths  are  as  follows  :— 

Percentage  of  Ma>HPO«.iaH*0  '  Dentltjr  of  loliition 

In  tolutloQ.  at  If^, 

10*59 10442 

6*09 10292 

5*29 1*0220 

4*66 1*0198 

8*50 1*0160 

2*88 1*0114 

1*16 1*0067 

Ordinary  phosphate  of  sodium  has  a  cooling  saline  taste^  not  so  unpleasant  as  that  of 
Glauber^s  salt,  and  is  often  used  instead  of  the  latter  as  a  purppative.  The  commercial 
salt  frequently  contains  small  Quantities  of  sulphate  and  cmonde,  also  traces  of  arsenio 
derived  from  the  sulphuric  acid  used  in  its  preparation  from  bones. 

IHsodie  ortkopAotphate,  Na'F0M2H*0  or  3Na*O.FH>«.24H*0.— This  salt  is  ob- 
tained by^  mixing  a  solution  of  the  preceding  with  caustic  soda  and  evi^rating  to  the 
erystaUising  point ;  or  by  igniting  dry  disodic  orthophosphate  or  pyrophosph^  witib 
the  requisite  quantity  of  some  carbonate,  dissolving  the  mass  in  water,  and  crystallising. 
It  may  be  punfied  bv  reciystallisation  from  2  parts  of  boiling  water. 

The  crystals  are  thin  six-sided  prisms  with  truncated  end-faces ;  they  have  a  speciflc 
gravity  of  1*618  (Schiff);  are  permanent  in  dry  air;  melt  in  their  water  of  crys- 
tallisation at  77°.  The  salt  dried  at  100°  still  retains  1  at.  water  (out  of  24  at), 
which  it  gives  off  only  at  a  red  heat  It  does  not  melt  even  at  a  full  red  neat^  but  attacks 
fllass  strongly  at  that  temperature.  The  crystals  dissolve  in  5  pts.  water  at  15°.  The 
densities  of  solutions  of  various  strengths  are,  according  to  Schiff  (Ann.  Ch.  Fharm. 
exiii  183;  Jahresb.  1859,  p.  41),  as  foUows:— 

Pereanian  of  Deu  Ity  of  tolndoD 

Na>PO«.lSH*0.  at  I6<>. 

2203 11035 

17*60 1*0812 

11-00 1*0495 

8*80 1*0393 

4*40 10193 

The  solution  when  exposed  to  the  air  absorbs  carbonic  acid,  which,  as  well  as  other 
weak  adds,  abstracts  the  third  atom  of  base.    Chlorine,  bromine,  and  iodine  likewise 
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act  upon  the  third  atom  of  soda  as  on  free  Boda.  When  a  nentanl  nlTer-flolntioin  is 
precipitated  by  trisodic  phosphate,  the  liquid  lemains  neutraL 

Phosphato-fluoride  of  Sodium,  Na'PO\NaF,  is  prodnced  by  fofdng  toffether  4  pts.  of 
disodic  pyrophosphate,  2|  pts.  sodic  carbonate,  and  1  pt.  fluor-spar,  and  dieesting  the 
fused  mass  with  warm  water ;  also  by  digesting  pulverised  07 olite  for  seyeral  days  with 
a  solution  of  ordinary  phosphate  of  sodium  and  caustic  soda,  and  leaving  the  solution  to 
evaporate ;  or  by  mixing  a  solution  of  fluoride  of  sodium  with  ozdinazy  phosphate  and 
caustic  soda.  Either  of  these  solutions,  after  concentzation  over  the  water-batii, 
deposits  the  phosphato-fluoride  in  hard,  limpid,  regular  octahedrons  modified  with 
&fMS  of  the  cube  and  rhombic  dodecahedron.  It  has  a  tpedflc  gravity  of  2'2166  at 
26^  dissolves  in  8*31  pts.  water  at  26^  (the  solution  having  a  denaitr  of  1'0829X  and 
in  1*74  pts.  water  at  70^  (specific  gravity  of  solution  -■  1*091).  llie  solution  when 
boiled  down  deposits  fluonde  of  sodium  (Briegleb,  Ann.  Ch.  Phann.  zevii  95; 
Jahresb.  1855,  p.  888). 

NaK)   ) 

Sodio-ammomo   Orthopkotphats,   Naj[KH«)HP0«.4HK)    or    (NH«)H>VP>0*.8HH). 

Phoapkoru$'$alt,  Microeoantio  sdU,  Sal  vrina  naiivtim  s.  JiMOe. — ^This  salt  ooeors 
abundantly  in  human  urine,  at  least  after  putrefaction,  and  may  be  prepared  there- 
fiom ;  it  is  found  also  mixed  with  the  carbonates  and  phosphates  of  ^^imum  and 
msffnesium  in  ffuano  firomlchaboe;  the  saltftom  this  source  is  called  stercorite 
bvHerapath.  ft  is  formed  on  mixing  disodic  orthophosphate  with  phosphate  of  ammo- 
mum  or  other  ammoniacal  salt^  or  monoeodic  orthophosphate  with  ammonia,  and  may 
be  easily  prepared  by  dissolving  5  pts.  of  ordinary  c^stallised  disodic  orthophosphate^ 
and  2  pts.  phosphate  of  ammonium  in  a  small  quantity  of  hot  water,  and  crystalusing; 
or  6  to  7  pts.  of  the  crystallised  sodium-salt  and  1  pt.  sal-ammoniac  in  2pts.  of  boiling 
water;  the  sodio-ammonio  salt  then  erystallises  out  on  cooling,  while  chloride  of 
sodium  remains  in  solution:  Na«HPO«  -i-  NHHn  -  Na(KH«)EPO«  -i-  NaCL  Xt 
mav  be  freed  from  chloride  of  sodium  by  reoystallisation  from  a  small  quantity  of 
boiling  water  containing  a  little  tree  ammonia. 

The  ciystals  are  monoclinio  prisms,  isomorphous  witli  those  of  the  corresponding 
arsenate.    Axes  a  :  6  :  0  ->  0-8469  :  1 :  0*3286.    Angle  of  inclined  axes  —  80^  42'  . 

ooP  :   ooP  (orthod.)   -   141®  16';  -2Poo  :  c  =  50«  48*;    +2Poo  :o  -  68<>  51'; 

•1-4P0Q  :o  -  41<*8';  oP:  ooP  -  86^56'.    Combination  ooP.oP.  [ooPool.  -P. 

-2Poo  .  •l-2Pao  .  •h4PQ0. 

The  oyrtals  have  a  spedflc  gravity  of  1*554  (Schiff),  and  a  cooling  saline,  somewhat 
ammoniacal  taste;  they  dissolve  easily  in  water,  the  solution  giving  offpartof  its  Mnmonfa 
on  evaporation.  They  effloresce  on  uie  surface  when  exposed  to  the  air,  and  at  a  gentle 
heat  give  off  their  water  and  a  portion  of  their  ammonia.  At  a  stronger  heat  the 
salt  melts  with  strong  intumescence,  giving  off  all  its  water  and  ammonia,  and  leaving 
pure  metaphosphate  of  sodium,  which  in  the  fbsed  state  easQy  dissolves  metallic 
oxides,  forming  di-  and  tii-metallic  phosphates,  possessing  in  many  cases  very  charac- 
teristic colours.  On  account  of  these  reactions,  the  salt  is  much  used  as  a  flux  in 
blowpipe  experiments. 

Uelsmann  (Arch.  Phann.  [2]  xdx  188;  Jahresb.  1859,  p.  75),  in  preparing 
sodio-ammonic  phosphate,  once  obtained  it  in  long  efflorescent  prisms  containing 
Na(NH*)HP0^5H'0,  but  on  dissolving  them  in  water  containing  ammonia,  and  r»- 
oystaUising,  ordinary  microcosmie  salt  with  4  at.  water  was  obtained. 

Soduhdiammonio  phosphate,  Ka(NH«)'P0«.4H*0,  smrates  in  daading  white  pearly 
crvstalline  laminae  on  aading  strong  ammonia  to  a  cold  saturated  aaueous  solution  of 
microcosmie  salt.  On  exposure  to  the  air,  it  gives  off  ammonia  ana  is  converted  into 
ordinary  microcosmie  salt,  which  also  crystallises  out  when  a  solution  of  the  diammonio 
salt  is  left  to  evaporate  spontaneously.  On  one  occasion  the  diammonic  salt  cry- 
stallised with  5  at  water.  A  solution  of  the  diammonic  salt  in  hot  saturated  aqueous 
ammonia  yielded  less  lustrous  crystals  of  a  salt  containing  (NH*)"PO*Jfa(NH*yPO\ 
6H'0.    (Uelsmann.) 

SodMforytio  Orthophosphate,  NaBaTOl— Prepared  by  ignitinff  1  at  dibarytio 
orthophospliate  with  1  at  carbonate  of  sodium ;  but  it  is  decomposed  in  great  part  by 
washing  with  water,  the  residue  always  containing  a  considerable  quantity  of  tnbaiytio 
phosphate.    (H.  B  o  s  e. ) 

Sodio-Utkie  Orthophosphate,  (li;  Na)'P0«.— This  double  salt,  which  containi 
variable  proportions  of  sodium  and  lithium,  the  two  metals  replacing  one  another 
isomorphoualy,  is  obtained  by  mixing  a  solution  of  ordinary  pnosphate  of  sodium 
with  a  lithium-salt,  evaporating  to  dryness,  and  treating  the  residue  with  water,  ths 
double  aalf>  which  is  very  slightly  soluble,  then  remaining  behind.  It  forms  a  white 
light  powder  like  phospnate  of  calcium  or  magnesium,  requiring  nearly  1400  pts.  of 
water  at  15^,  1238  pts.  at  60^,  and  960  pts.  at  100^,  to  dissolve  it;  in  vater  fftnt^jwlng 
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phosphate  of  flodmm  it  is  almost  insoluble.  Accoidixig  to  Bamm  els  berg,  this  salt 
generally  contains  from  9'9  to  15*3  per  cent,  lithium  (22  to  34  per  cent,  lithia) ; 
but  according  to  Fresenins  the  salt  obtained  bj  evaporating  ^e  solution  of  a 
lithium-salt  with  phosphate  of  sodium,  adding  a  quantity  of  s(^  sufficient  to  keep 
the  liquid  alkaline,  and  digesting  the  residue  with  aqueous  ammonia,  is  pure  tnlidiic 
phosphate,  Li'PO*,  containing  18*9  per  cent,  lithium.     (SeeLmnui^  iiL  728.) 

Sodw-magneHc  phosphate,  NaMg  TO^,  is  obtained,  mixed  with  a  large  quantity  of 
trimagnesic  phosphate,  by  igpiting  dimagnesic  phosphate  with  an  equivalent  quantity 
of  Bodic  carbonate  and  washing  out  the  soluble  salts  with  water. 

Sodio-manganoao-ferriepho^haU,  (Na* ;  Mn'')'PO\Fe'^PO^^H'0,  is  said  to  occur  as 
a  dove-brown  mineral  at  Limoges.    (Handw.  d.  Chem.  vL  374.) 

SodUhpotaasie  orihophosphaie,  NaEiIP0*.8H'0,  is  obtained  by  neutralising  a  solution 
of  monosodic  orthophosphate  with  carbonate  of  potassium  or  the  monopotassic  salt  with 
carbonate  of  sodium,  and  evaporating.  It  then  separates  completely  in  monodinie 
crystals,  in  which  a:  bi  c  ^  08144  :  1  :  1*1066.  Angle  of  inclined  axes  »  83°  39^; 
ooP  :  ooP  (orthod.)  »r  101«  20';  qoP2  :  ooP2  (or(iod.)  -  62^46;  +P«>  :e  = 
44^  68 ;  oP  :  ooP  =  85°  69'.  The  crystals  are  usually  tabular,  from  predominance 
of  oP,  but  exhibit  also  the  faces  ooP,  »Fix>,  [ooPoo J  .  +P,  -P  .  -fPoo.  The 
salt  is  easily  soluble  in  water,  ^ves  o£f  its  water  of  crystallisation  when  moderately 
heated,  tind  the  basic  water  on  ignition. 

y.  Pyrophosphates  of  Sodium. — The  disodic  or  acid  salt,  Na'H'P'O',  is 
formed  by  heating  disodic  orthophosphate  with  strong  hydrochloric  add  to  160° — 160^, 
or  by  exposing  monosodic  orthophosphate,  NaH'PO*.fi*0,  to  a  heat  of  about  200° ; 
also  by  dissolving  tetrasodic  pyrophosphate  in  acetic  acid  and  adding  alcohol,  where- 
upon it  separates  as  a  white  crystalline  powder.  Larger  crystals  may  be  obtained  by 
carefully  pouring  alcohol  on  the  concentrated  aqueous  solution  of  the  salt,  so  that  the 
two  liquios  may  not  mix,  and  leaving  the  whole  at  rest.  The  salt  is  easily  soluble  in 
water,  and  remains  on  evaporation  as  a  friable  crust  (Schwarzenberg).  When 
heated  for  some  time  to  220^,  it  loses  half  its  basic  hydrogen.  (Fleitmann  and 
Henneberg.) 

The  tetrasodic  or  neutral  pyrophosphate,  Na*P*O*.10H*O,  is  obtained  by  igniting 
disodic  orthophosphate,  and  may  be  crystallised  by  solution  in  water  and  evaporation. 
The  crystals  are  monodinie  prisms,  permanent  in  the  air,  easily  soluble  in  water,  but 
less  soluble  than  the  disodic  orthophosphate.  The  solution  has  an  alkaline  reaction,  and 
the  salt  contained  in  it  is  not  converted  into  orthophosphate  by  boiling  per  se,  even  for 
several  days,  but  the  conversion  takes  place  easily  on  addition  of  nitric,  hydrochloric, 
or  even  acetic  acid.  The  cijstallised  salt  gives  off  all  its  water  of  crystallisation  when 
gently  heated  in  the  air,  or  in  a  vacuum  at  ordinary  temperatures,  but  the  dehydrated 
salt  when  exposed  to  the  air  gradually  takes  up  again  the  same  amount  of  water.  The 
dry  salt  melts  at  a  high  temperature^  and  solidifies  on  cooling  to  a  colourless,  opaque, 
vitreous  mass. 

Tetrasodic  pyrophosphate,  being  easily  prepared  in  considerable  quantity,  is  mudi 
used  for  the  preparation  of  insoluble  pyrophosphates  and  soluble  double  pyrophosphates. 

Sodio^wmnic  pyrophosphate. — The  precipitate  formed  by  sodic  pyrophosphate  in 
solutions  of  aluminium  dissolves  easily  in  excess  of  the  8odium*salt  (being  thereby 
distinguished  from  orthophosphate  of  aluminium),  and  the  solution  when  evapors^^ed 
becomes  turbid  at  a  certain  concentration,  depositing  part  of  the  aluminic  pyrophos- 
phate, whilst  a  salt  richer  in  alkali  remains  in  solution,  and  is  not  predpitated  either 
by  ammonia  or  by  sulphide  of  ammonium. 

8odio-ammonic  pyrophosphate,  Na'(NH^)*P*0^6H*0,  is  obtained  by  evaporating  a 
solution  of  monosodic  pyrophosphate  saturated  with  ammonia  over  a  mixture  of  saU 
ammoniac  and  quicklime.  It  rorms  white  monodinie  prisms  easily  soluble  in  water ; 
on  boiling  the  solution,  ammonia  is  given  off  and  disodic  pyrophosphate  remains. 
(Schwarzenberg.) 

BodLo-antimonic  pyrophosphate. — ^Monosodic  pyrophosphate,  boiled  vrith  recently 
precipitated  antimonious  oxide,  dissolves  a  portion  of  it,  and  the  filtrate  yields  by 
evaporation  a  caulifiower-like  mass,  which  is  decomposed  by  water,  the  greater  part  of 
the  antimonious  oxide  then  remaining  undissolved. 

8odio-auric  pyrophosphaU,  2Na*P»0'.Au*P«0«>.H«0.— Trichloride  of  gold  dissolves 
in  aqueous  sodic  pyrophosphate,  and  if  the  solution,  which  is  colourless  after  warming, 
be  evaporated  in  a  vessd  in  which  it  is  protected  from  light  and  dust,  chloride  of 
sodium  and  the  excess  of  sodic  pyrophosphate  separate  out,  and  the  double  salt  remains 
as  a  syrupy  solution,  having,  according  to  Persos,  the  above  composition.  The  solution 
has  been  used  for  galvanic  gUding. 

Sodio-harytic  pyrophosphate,  NaT20'.6Ba'P*0'.6H*0.— This  is  said  to  be  the  com- 
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poeitioii  of  a  doable  salt  produced  as  an  amoiphoiui  precipitate,  on  dropping  chloride 
^barium  into  a  boilins  solution  of  sodic  pyrophosphate. 

SodMriimutk-^pyrepioepkaU- — ^Monoeodic  pyrophosphate  dissolves  a  rather  large 
quantity  of  bismuUi-ozide.  Also  when  bismuth-nitrate  is  washed  with  excess  of 
solution  of  sodic  pyrophosphate,  a  soluble  double  salt  is  formed,  whose  solution  becomes 
turbid  when  heated,  but»  according  to  Pezsoc,  is  not  precipiteted  by  sulphide  of 

Bodio-ealcio  pyrophMpkaU,  Ka*Ca'TK)*.4HK)  (Baer).— This  salt  separates  when  a 
solution  of  chloride  of  calcium  is  dropt  into  excess  of  sodic  pyrophosphate. 

Soduh-ekromic  pifrophasphate.— -Known  only  in  solution,  which  resembles  that  of  the 
potaBsio-^iomic  salt  (p.  676). 

8odio-oobali<m9  pyrophosphate, — The  precipitato  formed  by  sodio  nyrqphoflphate  in 
the  solution  of  a  oobaltous  salt  dissolves  in  excess  of  the  former ;  tne  solution  turns 
blue  when  hsated,  and  the  cobalt  is  precipitated  by  sulphide  of  ammonium. 

godio-euprio  pyrophosphaiea. — ^When  a  solution  of  sodie  pyrophosphate  is  boiled  with 
excess  of  recenuy  precipitated  cuprio  pyrophosphate,  the  hot  filtered  liquid  deposits  a 

white  crystalline  insoluble  crust,  consisting,  after  drying  at  100*>,  of  Na*Cu«I*0".7H«0. 
The  supernatant  liquid  slowly  evaporated  over  the  water-bath  yields  a  fiaintly  bluish 
crysfajfine  crust,  also  insoluble  in  water,  and  consisting  of  8Na«CuT*0».2HK)  (at  100°). 
The  mother^Uquor  decanted  therefrom  and  left  to  evaporate  spontaneously,  deposits 
first  the  excess  of  sodic  pyrophosphate,  then  splendid  blue  crystals  of  the  salt 
Na«Cu'TK)".2H*07at  100^).  JSach  of  these  three  doable  salto  melts  at  a  red  heat 
(Fleitmann  and  Menneberg).  Persoa,  by  a  method  not  exactly  described,  obtained 
the  double  salts  Na'CuT'O'.effO  and  Na«CuTP*0".6HK),  which  are  the  same  as  the 
second  and  third  of  those  above  described,  but  with  larger  quantities  of  water,  Persos 
having  analysed  them  in  the  air^dried  state. 

Sodh-ferrio  pyrophosphate,  Na*B?^»0».7HK)  or  2Na«PK)M?*P«0« :  7H«0,  sepa- 
rates  in  the  pure  state  when  ferric  pyrophosphate,  after  being  washed  with  a  quantity 
of  sodic  pyrophosphate  not  sufficient  to  dissolve  it,  is  heated  and  the  filtrate  mixed 
with  alcohol  (Fleitmann  and  Henneberg).  The  same  salt  is  obtained  in  solution 
when  pyrophosphate  of  sodium  is  added  to  a  lernc  solution  till  the  precipitate  at  first 
formed  is  redissolved.  The  double  salt  is  white  and  very  soluble  in  water.  The  solu- 
tion is  colourless,  and  does  not  taste  like  iron-salte  in  general  Ammonia  colours  it 
blood-red,  but  does  not  render  it  turbid ;  snlphydric  add  colours  it  brown  without 
forming  a  precipitate ;  sulphide  of  ammonium  precipitates  sulphide  of  iron  from  it  im- 
mediately according  to  H.  Boss,  gradually  according  to  Persos.  The  solution  evapo- 
rated to  a  syrop  soon  deposits  ferric  pyrophosphate. 

Sodio-ferroue  pyrophoephate  is  known  only  in  solution,  as  obtained  by  mixing  a 
ferrous  salt  with  excess  of  sodio  pyrophosphate.  It  oxidises  quicklv  on  exposure  to 
the  air,  and  the  iron  is  completely  predpiteted  from  it  b^  sulphide  of  ammomum. 

Sodio-magnesic  pyrophosphate  is  an  amorphous  predpitate  formed  on  drming  sol- 
phate  of  magnesium  into  a  boiling  solution  of  sodie  tm^phosj^to.    (Baer.) 

Sodto-ammanio-manganous  pyrophosphate,  Na(Nfl«)Mn''PK)'.8H«0    according  to 

Otto,  KaXNH')^Mn^P*0*M2H*0  accordmg  to  Benelius,  is  formed,  on  pouring  a 
solution  of  manganous  chloride  mixed  with  ammonia  and  sal-ammoniac  into  a  warm 
solution  of  sodic  pyrophosphate,  as  a  white  amoij^hous  predpitate  which  soon  becomes 
crystalline.  When  somewhat  strongly  heated,  it  gives  o£f  all  ito  ammonia  and  leaves 
a  semiftisod  mass  havinff  an  add  reaction.    (0  tt o.) 

Sodto-pltmlne  pyrophosphate,  NaTb'T«0*.-.Whrte  mnnlar  insoluble  prvdpitate^ 
formed  by  adding  K>dio  pyrophosphate  to  nitrate  of  lead,  and  boiling  the  resulting  pre- 
dpitate with  excess  of  the  sodium-salt  (G-erhardt).  The  salt  fiDrmed  on  Sowly 
adding  nitrate  of  lead  to  excess  of  sodic  pyrophosphate  till  the  predpitate  becomes  per- 
manent, also  contains  sodium  but  in  variable  quantity. 

Sodio-potassie  pyrophosphate,  Ka*E^PH)'.  1 2aK),  is  obtained  by  satorating  monosodio 
pyrophosphate  with  potasdc  carbonate.  The  solution  evaporated  to  a  syrup  solidifies 
on  cooling  to  a  pasty  mass,  consistang  of  transparent)  slender  needles,  having  the  form 
of  an  oblique  rhombic  prism.  The  salt  dissolves  easily  in  water,  forming  an  alkaline 
liolution.    (Schwarsenberg.) 

r  J  Respecting  Fldtmann  and  Hennebei]gfs  phosphates  of  sodium,  Ka^O"  ov 
,N#P0«.8SaPC?  and  Na'«P»»0»»  -  Na»P0*.9NaP0«,  see  pp.  637,  688. 

Vbiospliates  9i  StroiittvBia  a,  Metaphosphate. — The  salt  prepared  by  dis- 
solving carbonate  of  strontium  in  phosphoric  add,  and  heating  the  evaporated  vendue 
to  816^,  is  a  white  powder,  insoluble  in  water  and  in  dilute  adds,  decomposed  by 

strong  sulphuric  add.  „ 

3.  Orthophosphates^^ThA  di^trontie  salt,  8r^*P*0*, obtained  by pndpitatton, 
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ifl  a  vbite,  amorphous,  tastdlen  powder,  insoluble  in  pore  water,  but  soluble  in  water 
containing  ammoniacal  salts  or  free  acids  ;  notdeoompoeed  by  aqneons  alkalis  When 
heated  before  the  blowpipe  it  melts  to  a  whit«  enamel,  exhibiting^  phoephoresoence.  A 
solution  of  chloride  of  strontium  incompletely  precipitated  in  the  cold  with  an  alkidiDe 
phosphate  yi^ds,  according  to  Kiihn,  a  mixture  of  distzontie  and  monoirtzontic  salt. 

Strontio-poUusic  ortkophosphate,  SI''KPO^  and  ttrontio-'Bodio  ortMopkoaphate, 
Sr*NaPO*,  are  formed,  according  to  Rose,  by  ignition  1  at.  pyrophosphate  of  strontium 
with  1  at.  carbonate  of  potassium  or  sodium,  and  washing  out  the  mass  with  water;  but 
the  double  salts  are  for  the  most  part  decomposed  by  the  water,  the  residue  always 
containing  neutral  phosphate  of  strontium. 

r  Pyrophosphate,  S>PH)'.HK)  (at  lOOO).— Obtained  by  precipitation  as  a  white, 
amorphous  powoer,  which  gradually  becomes  crystalline  when  warmed  in  the  liquid. 
It  is  nearly  insoluble  in  water,  quite  insoluble  in  acetic  acid,  but  easily  soluble  in  the 
stronger  acids.  It  gives  off  its  water  when  heated  aboTe  100^  (Sehwarsenberg). 
The  precipitate  formed  on  gradually  adding  nitrate  of  strontium  to  a  boiling  solution 
of  sodic  pyrophosphate,  appears  to  be  a  mixture  of  the  pure  8trontium-s2t  with  a 
double  sal^    (B  a  e  r.) 

yiioepliato^taiitalto  JILeld.  A  solution  of  tantaUc  acid  in  sulphurie  or  hydro- 
chloric acid  yields,  with  strong  aqueous  phosphoric  acid,  a  white,  opaque  jelly.  Tan- 
taUc oxide  heated  with  phosphoric  oxide  forms  a  oolouriess  glass. 

Whiomphatt  of  T^Uniiimi  is  a  white  powder,  insoluble  in  water.    (Berselius.) 

Pliospliate  of  Tlialliiiiii.  A  hot  solution  of  nitrate  of  thallium,  mixed  with 
excess  of  phosphoric  acid  and  then  with  ammonia^  forms  a  crystalline  precipitate, 
probably  consisting  of  trithailio  phosphate,  T1'P0^  inasmuch  as,  when  boiled  with  nitrate 
of  silver,  it  yields  yellow  phosphate  of  silver,  without  rendering  the  solution  acid. 
1  pt  of  this  salt  dissolves  in  201*2  pts.  of  water  at  16^  and  in  149  pts.  at  100^.  It 
is  sparingly  soluble  in  acetic  acid,  but  dissolves  easily  in  nitric  acid.  When  heated  it 
melts  to  a  brown  liquid,  which  becomes  orange-yellow  on  cooling,  and  finally  solidifies 
to  a  white  crystalline  mass  (Crookes,  Chem.  Soc  J.  xvii  185 ;  Chem.  News,  ix.  87). 
Lami  (Jahresb.  1862,  p.  186),  who  probably  obtained  an  acid  phosphate  of  thallium, 
states  that  it  is  soluble  in  water  and  crystaUCBes  from  a  dilute  solution. 

VliosplMte  of  Thorlmuii.  Flocculent  precipitate,  forming  a  white  powder  when 
dry,  insoluble  in  water  and  in  phosphoric  add,  melting  with  difficulty  before  the  blow- 
pipe.    (Berselius.) 

Ptaoepliates  of  Tin.  Stannic  oxide  forms  with  excess  of  phosphoric  add  a  salt 
containing  2SnO*.PK)*.10HK)  (Haeffely,  PhiL  Mag.  [4]  x.  290).  Stannic  phosphate 
is  insoluble  in  nitric  add,  a  property  on  which  is  founded  Keynoso's  method  of 
separating  phosphoric  add  from  bases  (p.  644). 

Stannous  phosphate,  8SnO  J^O'  or  SnTH)*,  according  to  Euhn,  is  formed  on  mixing 
stannous  chloride  with  ordinary  phosphate  of  sodium,  as  a  white  predpitate^  insoluble 
in  water  after  drying,  but  easily  soluble  in  mineral  adds,  and  melting  to  a  vitreous 
mass  before  the  blowpipe.  According  to  Lenssen  (Ann.  Ch.  Fharm.  cxiv.  113; 
Jahresb.  1860,  p.  183),  tne  composition  of  the  precipitate  varies  with  the  proportion 
in  which  the  solutions  are  mixed.  When  a  solution  of  disodic  orthophosphate 
addulated  with  acetic  acid  is  added  to  a  large  excess  of  concentrated  solution  of 

stannous  chloride,  a  predpitate  is  formed  containing,  when  air-dried,  Sn*F*0*.Sn*Cl'. 
2H'0,  and  not  decomposed  by  hot  water;  but  when  the  phosphate  of  sodium  is  in 

excess,  the  aiivdried  predpitate  contains  Sn*FO*.Sn<H*PH)*  3H*0.  This  salt  remains 
unaltered  at  100^,  but  is  decomposed  at  a  red  heat,  yielding  metallic  tin,  stannic 
oxide,  and  pho^horic  add. 

Pbospliate  of  Tltantiiiiu  Tetrachloride  of  titanium  forms  with  phosphoric 
add  a  white,  bulky,  fiocculent  precipitate,  which  dries  up  to  a  gummv  shining  mass, 
insoluUe  in  water,  but  soluble  in  excess  either  of  phosphoric  add  or  of  titanic 
chloride. 

Vlftoopliates  of  Vntnliuii.  a.  Uranic  Orthophosphates, — ^The  composition 
of  these  phosphates,  as  of  other  uranic  salts,  is  most  easily  represented  by  regarding 
them  as  containing  the  diatomic  radide  uranyl,  UK)*.     (See  UnAiauv.) 

The  monouranffiic  salt,  (U'O'y'H^F'O'.SH'O,  is  obtained  bv  digesting  uranic  oxide 
with  phosphoric  add  and  boiling  the  mass  with  water.  The  yellow  liquid  thus 
obtained  yields,  by  evaporation  over  sulphuric  add,  lemon-yellow  crystals,  which  give 
off  part  of  their  water  at  a  gentle  heat,  becoming  dull  and  light -yellow ;  the  rest  of 
the  watjer  goes  off  at  a  red  heat,  and  tiie  remaining  dry  salt  does  not  melt  even  when 
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▼err  strongly  heated.     Water,  eflpecmUy  if  hot,  abitraeta  part  of  the  phoephorio 
aciu.  * 

The  tU-uranyiic  salt,  (XfK)*)*n*P>0*,  is  obtained  in  eombtnation  with  Tarioua 
quantities  of  water  according  to  the  mode  of  preparation  adopted.  When  nranic  oxide 
is  digested  with  a  sufficient  quantity  of  phosphoric  add,  ana  the  product  washed  with 
water,  a  tri-hydrate,  (UH)*)*H*PK)'.8H*0,  remains  as  a  light  yellow  amorphous 
powder,  which  gives  off  its  water  of  crystallisation  between  120^  and  170^,  and  the 
CMisic  water  at  a  red  heat^  leaTing  the  pyrophosphate  (U'O')'P'O'.  A  hexhydrate, 
(U*0n*H*PK)*.6HK),  is  obtained  by  precipitating  nranic  nitrate  with  oicUnazy 
phosphate  of  sodium.  The  precipitate,  after  washing  and  drying,  is  a  light  yellow 
slightly  crystalline  powder,  which  gives  off  its  water  of  qystslhsstion  at  120^,  the 
basic  water  at  a  red  heat  The  octohydrate,  (n*0*)*H^0*.8H*0,  is  obtained  bv 
adding  phosphoric  acid  to  nranic  acetate  as  long  as  a  precipitate  forms.  Tlds  precipi- 
tate, when  washed,  is  crystalline,  and  somewhat  darker-coloured  than  the  trihydrate. 
It  gives  off  2  at  water  at  60^,  and  then  exhibits  all  the  properties  of  the  hexhydrate. 

The  tri^nranylie  soli,  or  neutral  uranie  phosphate,  SU'O'.PH)'  or  (tf'0*)'PH)",  has 
not  been  obtained  in  the  pure  state.  The  Dght  yellow  precipitate  formed  on  mixing 
nranic  nitrate  with  an  equivalent  quantity  of  trisodic  phosphate  appears  to  consist  of 
6U»0«.H«0.2P»0»  +  aq.  or  (U«0«)«I«0«.(UK)«yH«FW.H«0.  When  a  larger  quantity 
of  trisodic  phosphate  is  added,  but  not  sidAeient  to  redissolve  the  precipitate,  a  double 

salt  is  formed  containing  ^^|2I»0».3H«Oor  (UWy!PK)».(UK)«)«Na*P»0».3HK). 

This  salt  is  a  daxic  yellow  ooherent  powder,  insoluble  in  water,  decomposed  by  acetio 
acid,  which  dissolves  out  soda  and  nranic  oxide.  (Wert her,  Ann.  Ch.  "Pharm. 
Ixviii.  812.) 

CakithuroMe  Phaephate,  ^^^l  PH)».8HH)   or  (t!k)«)K3a''FK)».8H«0.— This  com- 

pound  occurs  native  as  uranite  (also  called  Ume  uramUe  and  uranhim  miea)  in  di- 
metiie  crystals^  having  the  principal  axis  mm  2'115  ;  P :  P  (terminal)  »  96^,  46'; 
P  :  P  (basal)  -  148^  2'.  Ordinary  combination,  oP  .  P .  ooP,  the  &ce  oP  being 
moeUv  predominant,  and  giving  the  crystals  a  tabular  form.  Cleavage  perfect 
parallel  to  oP.  Hardness  i-  2  to  2'5.  Specific  gravity  »  8*06  to  8*19.  Colour 
citron  to  sulphur-yellow.  Lustre  of  oP  pearly,  of  other  faces  subadamantine.  Trans- 
parent to  Bubtranslucent  Fracture  not  observable.  Sectile.  LaminiB  brittle  and 
not  flexible.  Before  the  blowpipe  it  melts  to  a  blackish  semi-crystalline  mass. 
Dissolves  with  yellow  colour  in  nitric  acid. 

The  first  of  tne  following  analyses  is  of  uranite  from  Autun  by  Berzelins  (Pogg. 
Ann.  i  874);  the  second  by  Wert  her  {foe,  eit.), 

PW         VHy»        CaTO      Ba''OM^OandMn''OBTO    SnO« 

15*20        6173        6*88        1*67  0*20  15*48    0*06     -     100*12 

14-00        63*28        5*86        1*08  .  .  14*30      .  .      «       98*47 

The  formuk  above  given  requires  15*55  P*0*,  62*56  IPO*,  618  Ca^O,  and  15*76 
water. 

Uranite  occurs  in  the  Siebengebirge ;  at  Johangeorgenstadtand  Eibenstock  in  Saxony; 
on  Wolf  Island,  Lake  Onega,  Kussia;  near  Limoges  and  at  St  Symphorien  near 
Autun ;  also  at  Chesterfield,  Massachusetts ;  Ackworth,  New  Hampshire ;  and  on  the 
SchnykeU  near  Philadelphia.  ^ 

Cvprioo^ranio  Phoephate,  ^^!I^|PW.8H«0  or  (tJ«0«)K)a'PH)«.8H^0.--This  com- 
pound occurs  native  as  chalcolite  (also  cslled  eopper^uranite  and  iurberite),  a 
mineral  isomorphous  with  uranite.  Hsrdness  ^^  2*25.  Specific  gravity  3*5  to  8*6. 
Colour  emerala  and  other  shades  of  green.  Streak  .somewhat  jxiler.  The  other 
physical  properties  axe  like  those  of  uranite.  Before  the  blowpipe  it  melts  to  a  black 
mass,  colounnff  the  flame  bluish-green.  GKves  with  borax  a  gri^n  glass,  sometimes 
becoming  red£sh-brown  in  the  reduction-flame.  Dissolves  in  nitric  acid  with 
yellowish-green  colour. 

Analyses  of  chalcolite  from  Cornwall : 

P«0»         U»0«        Cu^O        H«0 

15*57        61-39        8*44         1505     -   100*45  Berzeb'us. 

14*34        5908        8*27         15-39     -     97  08  Wertber. 

The  formula  requires  1516  PH)»,  61*00  TPO»,  8*48  Cu^O,  and  15-86  water. 

Chalcolite  is  found  at  Gunnis  Lake  near  Callington,  also  near  Redruth,  and  elsewhere 
in  Cornwall;  at  Johangeorgenstadt,  Eibenstodc,  and  Schneeberg  in  Saxony;  at 
Joacbimsthal  and  Zinnwud  in  Bohemia ;  and  at  Vielsalm  in  Belgium. 
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Debrav  (Jahresb.  1860,  p.  73)  has  obtained  oyBtalfl  having  the  form  and  cumpo- 
sition  of  chalcolite,  by  mixing  a  solution  of  acid  cnpric  phosphate  with  nnmic  nitrate. 

p.  Uranoua  Orthophosphate^  U"HPO^H'0. — Ordinary  phosphate  of  sodinm 
added  bj  drops  to  uranons  chloride  forms  a  men  gelatinous  precipitate,  insoluble  in 
water.  When  recently  precipitated  it  disso^es  in  strong  hydrocnloric  add,  and  is 
separated  therefrom  by  water ;  after  drying  it  no  longer  dissolves  in  adds.  Ammonia 
htis  scarcely  any  action  upon  it ;  melting  potash  withdraws  almost  all  the  phosphoric 
oxide. 

y,  Uranie  PyrophoBphatevamJivihu  when  recently  predpitated,  but  cakes 
together  if  left  on  the  filter  for  a  few  days,  forming  a  yeiy  friable  mass  with  conchoidal 
fi»u!tnre. 

SodiO'Uranio  Pyrophosphate. — ^Predpitated  nranic  pyrophosphate  dissolves  in 
excess  of  sodic  pyrophospnate,  forming  a  yellow  solution,  which  yields  no  crystals  even 
when  evaporated  to  a  syrup ;  the  uranium  is  not  predpitated  from  it  dther  by  snlphy- 
dric  add  or  by  sulphide  of  ammoniuuL 

]Plio«plMtes  of  Vanadiiiiiu  Yanadic  dioxide  diBsolves  in  aqueous  phosphorie 
add,  forming  a  blue  solution,  which  when  evaporated  at  temperatures  below  50°  yields 
small  blue  deliquescent  crystals,  easily  soluble  in  water,  insoluble  in  alcohoL  When 
heated  they  give  o£f  water,  leaving  a  loose  spongy  mass  resembling  burnt  alum,  and 
caking  together  at  a  white  heat  to  a  black  substance  no  longer  soluble  in  water. 

PlZsphato-fjanadio  acid, — ^Vanadic  anhydride  (trioxide)  dissolves  in  aqueous  phos- 
phoric add,  forming  a  red  solution,  which  when  evaporated  leaves  a  red  deliquescent 
saline  mass.  Vanadic  phosphate  heated  with  a  sufficient  quantity  of  nitric  add  forms 
a  red  solution,  which  deposits  on  evaporation  a  lemon-yellow  crystalline  crust,  soluble 
with  yellow  colour  in  water.  The  crystals  when  heated  give  off  water  and  turn 
light  yellow.  A  solution  of  vanadic  phosphate  and  sodic  phosphate  in  nitric  acid 
becomes  colourless  when  evaporated,  and  deposits  yellow  crystalline  grains  which 
dissolve  slowly  in  water,  forming  a  yellow  solution  which  dries  up  on  evaporation  to  a 
yellow  varnish-like  mass. 

A  compound  of  phosphoric,  vanadic,  and  silidc  anhydrides  containing,  according  to 
Berzelius,  8SiO*.2ya0^2P*0^6H*0,  was  obtained  from  the  refinery  slag  of  the  Taberg 
iron  works.  It  may  be  produced  by  dissolving  silicate,  vanadate,  and  phosphate  of 
sodium  in  nitric  acid,  evaporating  to  a  pulp,  and  washing  with  cold  water.  It  then 
remains  in  nacreous  scales,  whicn  when  heated  give  off  water  and  acquire  a  straw- 
yellow  colour.  It  is  easily  soluble  in  water,  whence  it  oystallises  unaltered  on  evapo- 
ration. The  solution  is  coloured  green  by  nitric  peroxide  and  other  redudng  agents, 
and  yields  with  carbonate  of  ammonium  a  precipitate  of  gelatinous  silica. 

Vbospliate  of  TttHom.  YflP«0«.5H«0  «  8Y''O.P'0».6H«0.— Disodicorthophos- 
phate  added  to  the  solution  of  an  yttrium-salt  throws  down  an  amorphous  pre- 
dpitate,  which  by  prolonged  washing  with  water  is  resolved  into  a  soluble  add  salt» 
and  an  insoluble  neutral  salt  having  the  composition  just  given.  (Popp,  Jahresb. 
xvii.  204.) 

Tri-yttric  phosphate  likewise  occurs,  together  with  cerous  phosphate,  as  xenotime, 
in  dimetric  crystals  P  .  ooP,  having  the  prindpal  axis  »  0*6201 ;  angle  P  :  P  (termi- 
nal) -  124°  26' ;  P  :  P  (basal)  «  82°  SO',  deavage  perfect,  parallel  to  ooP.  Hard- 
ness a  4  to  5.  Spedflc  gravity  »  4*39  to  4*65.  Lustre  resinous.  Colour  yellowish 
brown  to  fiesh-red.  Str^ik  paler.  Opaque.  Fracture  uneven  and  splintery.  It  is 
infusible  before  the  blowpipe ;  with  borax  it  slowly  forms  a  dear  glass,  which,  with  a 
larger  quantity  of  the  mineral,  becomes  turbid  on  cooling ;  in  microcosmic  salt  it 
dissolves  very  slowly.    It  is  insoluble  even  in  strong  adds. 

Analyses, — a.  From  the  Flekkelgord  in  Norway :  spedfic  gravity  4*657  (Berzelius, 
Pogg.  Ann.  ill.  203).— 6.  From  the  same  locality;  specific  gravity  4*45  (Zs chaw, 
BammeUber^s  Mineralchertue^  p.  821). — c.  From  the  gold-washings  at  Clarksville^ 
Georgia:  specific  gravity  »  4*64  (Smith,  SilL  Am.  J.  xviii.  877) : 

P«0»  Y"0  Ce^O  Fe«0»  SiO* 

a,  33*49*  62*58          .     .  8*98  .   .  •-  100 

b,  80*74  60*25          7*98  .  .  .   .  »  98*97 

c,  32*46  54*13  ll'03t  2*06  0*89  «  100*56 

CastdnaudiU,  occurring  in  crystals  (apparently  dimetric)  and  grains^  in  the  diamond 
sand  of  Bahia,  consists  mainly  of  phosphate  of  yttrium.  Dam  our  (Institut  xxL  78) 
found  in  a  sample  having  a  specific  gravity  of  4*39,  31*64  per  cent.  1*0^  60*40  yttzia» 
7'4  titanic  oxide  and  siroonia,  1*2  uranie  and  fomo  oxides. 

■  with  trace  of  fluorine.  f  Wilh  laBthantua  and  dldtyniina. 
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Vl&ospliates  of  Zlno*  a.  Metaphoaphates. — ^When  a  zinc-salt  is  treated  with 
phosphoric  acid  in  the  same  manner  as  for  the  preparation  of  cupric  di-metaphosphate 
(p.  560),  the  mass  on  alow  cooling  yields  indistinct  ciTStals  of  zino-dimetaphosphate, 

2^*P*0**.  It  is  insoluble  in  water,  and  is  not  decomposed  by  dilate  aqneons  acids  or 
alkalis,  or  by  solphide  of  ammonium.  When  treated  with  strong  snlphniie  aeid  or 
fused  with  an  alkaline  carbonate,  it  yields  orthophosphoric  acid. 

A  mixture  of  aqueous  zinc-chloride  and  ammonium-dimetaphosphate  yields  the 
hydrated  salt  Zn^P^O^.SH'O  in  small  transparent  crystals,  insoluble  in  water,  but 
decomposed  by  boiling  therewith.  The  water  of  crystallisation  is  not  completely 
expelled  below  a  red  heat,  and  the  salt  does  not  melt  even  at  a  bright  red  heat.  The 
eonstitntion  of  the  salt  does  not  iqypear  to  be  altered  by  heating.    (F  leitmann.) 

/3.  Or  thophoaphatea, — ^The  monozrncio  or  acid  phosphate  is  formed  by  dissolving 
zinc,  or  the  carbonate  or  phosphate  of  zinc  in  excess  of  phosphoric  acid  and  evaporating. 
It  is  a  gummy  mass  which  melts  in  the  fire  to  a  transparent  glass.  When  a  snudl 
quantity  of  sdkali  is  added  to  its  aqueous  solution,  tne  neutral  salt  is  deposited. 
fS^enzel.) 

The  dizinac  salt,  ^^^l  P*0».2H«0  or  2&-H*PK)«.2HK),  is  deposited  in  diining 

laminae  on  mixing  a  solution  of  3  pts.  of  zinc-sulphate  in  32  pts.  of  hot  water,  with  a 
solution  of  4  pts.  of  crystallised  disodic  orthophospbate  in  32  pts.  of  hot  water.  The 
crystals  do  not  lose  water  at  100^;  but  at  a  temperature  below  the  melting  point  of  tin 
they  give  off  2  at.  water,  retaining  their  lustre ;  at  a  red  heat  the  dehydrated  salt  fuses 
ana  gives  off  its  basic  water.    (G  r  a  h  a m.)  ,, 

The  trizineie  or  neutr€il  salt,  3ZnO.P*0».2HK)  or  Zn*PW.2H»0,  is  precipitated  on 
mixing  a  solution  of  a  zinc-salt  with  disodic  orthophospbate,  the  supernatant  liquid 
becoming  acid.  When  the  solutions  are  dilute  and  mixed  in  the  cold,  a  translucent 
jelly  is  at  first  produced ;  this,  however,  soon  becomes  o^Mique,  and  aggregates  into  a 
fine  white  crystalline  powder.  If  the  solutions  are  mixed  boiling  hot,  no  jelly  is 
produced,  but  the  pulvOTulent  precipitate  is  formed  at  once  and  has  Uie  same  composi- 
tion. The  same  compound  is  doubtless  formed  on  digesting  carbonate  of  zinc  with 
aqueous  phosphoric  acid  not  in  excess.  It  is  a  white,  crystalline,  tasteless  powder 
which  melts  easUy,  forming  a  transparent  and  colourless  glass.  It  is  insoluble  in 
water,  soluble  in  acids,  likewise  in  ammonia  and  in  carbonate,  sulphate,  chloride  and 
nitrate  of  ammonium — in  the  last  three,  however,  with  slight  turbidity. 

The  same  salt  with  6  at.  water  separates  in  large  flat  prisms  and  laminsB  when  a 
solution  of  the  acid  zinc-salt  is  mixed  with  absolute  alcohol    (Keynoso.) 

Phosphate  of  Zinc  and  Ammonium, — ^When  a  solution  of  sulphate  or  chloride  of  zinc 
is  precipitated  with  phosphate  of  ammonium  containing  free  ammonia,  a  white,  bulky, 
flocculent  precipitate  is  formed  which,  when  digested  in  the  liquid,  becomes  crystalline 
after  the  free  ammonia  has  escaped.  The  dry  salt  is  a  wmte  powder,  insoluble  in 
water,  but  soluble  in  acids  and  in  free  potash,  soda,  or  ammonia.  Its  composition 
appears  to  be  intermediate  between  Zn«(NH*)«PK)«.2H*0  and  Zn«(NH*)«P«0".Zn''HH)«. 
2k«0.    (Bette,  Ann.  Ch.  Pharm.  xv.  129.) 

y.  Pyrophosphate  of  Zino  is  formed  by  precipitating  a  sine-salt  with  pyro- 
phosphate of  sodium.  The  precipitate  is  decomposed^  by  bbiUng  with  ordinary  phos- 
phate of  sodium,  yielding  ordinary  orthophos^iate'of  zinc  and  p^pophosphale  of 
sodium  (Stro me ver).  The  salt  precipitated  as  above  forms  a  wmte  bulky  mass, 
which  in  drying  shrinks  up  like  hyorate  of  aluminium.  If  it  be  suspended  in  water, 
and  sulphurous  acid  gas  passed  through  the  liquid,  the  whole  dissolves,  and  the  solu- 
tion, when  boiled,  yidds  the  salt  in  the  form  of  a  heavy,  white,  beautiAiUy  crystalline 
powder  consisting  of  2Zn*F'0'.3HK).  Both  the  amorphous  and  the  crystalline  salt 
dissolve  in  acids  and  in  caustic  potash ;  ammonia  likewise  dissolves  the  salt,  and 
alcohol  added  to  the  solution  throws  down  a  syrupy  mass.    (Schwarzenberg.) 

Ztnco^mmonic  pyrophosphate  is  obtained  as  a  white  pulverulent  precipitate,  on 
adding  pyrophosphate  of  sodium  to  a  solution  of  zinc-chloridje  mixed  with  ammonia  and 
sal-ammoniac    (Bette.) 

Vboapliate  of  Ziroonlom,  3ZrO*.P*0^  or  (Zr*0)>P*0",  is  precipitated  on  mixing 
a  soluble  zirconium-salt  with  free  phosphoric  acid  or  an  alkaline  phosphate ;  in  the 
former  case  part  of  the  salt  remains  in  solution,  but  may  be  precipitated  on  addition  of 
ammonifw  The  precipitate  is  a  gummy,  translucent  mass,  like  hydrate  of  aluminium, 
remaining  translucent  when  dry.  It  is  insoluble  in  water,  somewhat  soluble  in  firee 
phosphoric  acid. 
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Alcoholic  Phosphates  :    Phosphoric  Ethers, 

Each  of  the  three  hTdrogen-atoms  in  orthophosphoric  acid  may  be  Tcplaoed  by  alco- 
hol radicles,  giving  rise  to  acid  and  neutnd  ethers  analogonfl  to  the  metafile  phosphates. 
There  are  aUo  several  sulphophosphoric  ethers,  having  the  oomposition  of  orthophos- 
phoric ethers,  in  which  the  oxygen  is  more  or  less  replaced  by  snlphnr.  A  neutral 
pyrophosphate  of  ethyl  is  also  known,  but  no  metaphosphoric  ethers  have  yet  been 
obtained.  In  connection  with  these  alcoholic  phosphates  may  also  be  mentioned  an 
acid  consisting  of  phosphoric  acid  in  which  the  hydrogen  is  partly  replaced  by 
acetyl 

y  lUMpliate*  of  jAjnyl  or  Amyl^pliospliorto  BClMnu  Two  of  these  com- 
pounds are  known,  vis.  mono-  and  di-amylphosphoric  add ;  the  neutral  ether  has 
not  been  obtained. 

1.  Amylphosphorio    acid,     C»H»«PO*    -    (C»H»)H*PO«    -    (C»H«»)VO«. 

H«    i 

(Guthrie,  Chem.  Soc  Qu.^  J.  ix.  134.) — ^This  ether  is  pepared  by  minng  equal 
weights  of  syrupy  phosphoric  acid  and  amylic  alcohol,  leaTing  the  mixture  in  a  warm 
place  for  a  cfay,  neutralising  with  carbonate  of  potassium,  eyaporating  oyer  the  water- 
bath  to  dryness,  dissolving  in  strong  alcohol,  and  evaporating  repeatedly  (whereby  the 
potassium-salt  is  obtained),  then  precipitating  hj  acetate  of  lead,  filtering  and  wiu^iing 
(whereby  the  leadHsalt  is  obtained),  precipitating  the  lead  by  sulphy&c  add,  then 
filtering,  and  evaporating  in  vacuo. 

It  is  a  colourless,  transparent,  crystalline,  deliquescent  mass,  easily  soluble  in  water 
and  in  alcohol,  but  insoluble  in  ether.  It  bears  the  heat  of  a  water-bath  without  de- 
composition. When  heated  in  the  flame  of  a  lamp  it  bums  with  a  white  flame^ 
leavmg  a  residue  of  phosphoric  acid.    It  is  a  strong  acid,  and  decomposes  carbonates. 

The  amylphospnates,  G*H"M*FO',  are  all  anhydrous  at  100^:  those  of  the 
alkali-metals  are  soluble  in  water ;  the  rest  are  insoluble  or  sparingly  soluble,  and  may 
be  prepared  from  the  potassium-salt  by  double  decomposition.  They  all  dissolve 
readily  in  nitric  or  hydrochloric  add,  and  bear  the  heat  of  the  water-bath  without 
decomposition. 

The  potassium-saltf  C^H'^KTO*,  prepared  as  above,  is  tenadous,  finely  crystalline^ 
translucent,  and  deliquescent ;  vields  amyl-alcohol  when  heated  in  a  tube.  A  solution 
of  this  salt  subjected  to  electrolvsis  yields  at  the  positive  pole,  carbonic  anhydride  and 
oxygen,  and  an  add  liquid  smelling  of  valeric  or  butyric  add,  while  the  liquid  at  the 
negative  pole  gives  off  hydrogen,  but  remains  odourless,  showing  that  no  amyl- 
compound  is  there  eliminated. 

The  amnumiwn-saltf  C*H"(KH^)'PO^  obtained  by  direct  neutralisation,  or  by  de- 
composing the  copper-  or  lead-salt  with  sulphide  of  ammonium,  resembles  the 
pota«sium-salt 

The  bariwmrsait,  (}*H"BaTO\  is  predpitated  in  white  scales  having  a  silky 
lustre. 

The  lead-salt,  OH"Pb'T0^  dried  at  lOO^',  is  a  bulky  white  anhydrous  powder. 

The  copper-salt^  CS*H>'Cu'TO\  is  almost  white  when  first  predpitated,  but  gradually 
turns  bluish,  and  in  the  dry  state  forms  a  light  blue  amorphous  powder. 

The  silver-saltf  C*H"Ag*PO*,  is  a  white  bulky  precipitate,  which  turns  grey  on  ex- 
posure to  light,  and  is  decomposed  by  long  boiling  with  water,  yielding  metallic  silver. 

When  heated  on  platinum-foil,  it  turns  yellow  and  leaves  pyrophosphate  of  silver. 

(POy^) 

2.  Diamyl'phosphorio    acid,    C»«H«PO«  -  (C»H")*HPO«  -    (C*H")«VO». 

H  3 
(Pehling,  Handw.  d.  Chem.  L  793.)— This  compound  is  prepared  by  adding  1  pt. 
pentachloride  of  phosphorus  very  gradually  to  1^  or  2  pts.  of  amylic  alcohol,  nse 
of  temperature  being  checked.  The  product  is  heated  in  a  retort  to  expel  the 
simultaneously  formed  chloride  of  amy!  and  hydrochloric  add,  then  thrown  into  water 
saturated  with  carbonate  of  sodium,  and  shaken  with  ether;  the  ethereal  solution  of 
amylic  alcohol  is  removed,  and  the  diamyl-phosphoric  add  isolated  by  adding  hydro- 
chloric acid.  The  add  so  formed  contains  two  additional  atoms  of  water,  idiidi  are 
removed  by  drying  over  sulphuric  add  in  vacua 

Diamylphosphoric  add  is  an  oily  liquid  of  spedflc  gravitr  1*025  at  20^,  but  floating 
in 'hot  water.  It  is  nearly  inodorous,  but  has  a  strong  acia  taste.  It  is  nearly  inso- 
luble in  water,  but  dissolves  easily  in  alcohol  and  ether.  It  is  permanent  at  orainary 
temperatures,  but  decomposes  when  distilled,  yielding  amylic  alcohoL  When  boiled 
with  water  it  also  pelds  amylic  alcohol,  and  the  residual  liquid  probably  cont.ainB 
mono-amy]  phosphoric  add. 
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Diamylpliospliorie  acid  ib  a  strong  acid,  and  saturates  bases  completely.  The 
diamylphosphates,  (C»H")«MPO*  and  (C»H»>)«M"P«0«,  are  all  anhydrous,  and  are 
decomposed  by  boiling  with  water,  giving  off  amyl-alcohol,  and  apparently  being  con- 
verted into  mono-amylphosphates.  The  di-amyiphosphates  of  the  alkali-metals  are 
very  soluble  in  water,  and  remain  as  uncrystallisable  unctuous  masses  when  their 
solutions  are  evaporated ;  those  of  the  alkaline  earth-metals  are  but  slightly  soluble  in 
water,  more  soluble  in  alcohol.  The  aqueous  solutions  give  precipitates  with  plumbic, 
cupric,  manganous,  mercurous  salts,  &c.  The  following  salts  have  been  examined  by 
Harx  and  Lemppenau. 

The  bariumrsalt,  (C*H"/Ba'TK)>,  obtained  by  digesting  the  aqueons  acid  with 
carbonate  of  barium,  and  evaporating  in  vacuo  or  at  a  gentle  heat»  forms  silky,  asbestos- 
like masses  of  cxystals. — ^The  ealcium-^altf  prepared  in  like  manner,  is  also  crystalline. 
— The  copper-aalt  is  a  greenish-blue  precipitate,  soft  and  unctuous  when  dried. — The 
ferric  tatt^  (C*H")*Fe'TP*0",  obtained  by  precipitation,  is  a  whitish  powder,  insoluble 
in  water  and  in  alcohol— The  lead-salt,  (G*H")«PbT*0*,  obtained  by  precipitating 
the  ammonium-salt  with  acetate  of  lead,  is  a  loosely  coherent^  curdy  precipitate, 
insoluble  in  water  and  in  alcohol.  By  precipitating  with  excess  of  lead-acetate,  a  dense 
pulverulent  precipitate  is  formed  consisting  of  a  basic  salt,  (G»H'i)an>''P'0*.Pb''HK)* 
— ^The  mereurotu  salt  obtained  by  precipitation  appears  to  decompose  in  drying,  and 
then  forms  a  grey  powder.     

Ethylio  dicm^lpkosphaU,  (C^•)(C■H")*PO^  appears  to  be  formed— 1.  By  heatmg  a 
solution  of  diamylphosphoric  acid  in  3  or  4  pts.  ailcohol  of  95  per  cents  in  a  sealed  tube 
to  180^ ;  on  treating  toe  contents  of  the  tube  with  aqueous  carbonate  of  sodium,  a 
mobile  liquid  separates,  having  an  ethereal  odour. — 2.  By  heating  diamylphosphate  of 
silver  with  iodide  of  ethyl  to  100^. 

Triamvlie  Phosphate  or  Neutral  Phosphate  of  ^my/,  (OH")'P0^  baa 
not  been  obtained  pure,  but  appears  to  be  formed  by  heating  diargentic  amylphosphate 
with  chloride  of  amyl  to  180^  in  a  sealed  tube : 

C»H"Ag«PO«  +  2C»H"a    -     2Aga  +  (C»H")»PO*. 

On  treating  the  product  with  alcohol  and  mixing  the  decanted  solution  with  water,  an 
ethereal  liquid  separates,  having  an  odour  quite  different  from  that  of  amylic  alcohol. 
(Guthrie.) 

■tlijnio  Vboapliates.  Bthylpliospliorlo  Bthera.  Four  of  these  compounds 
are  known,  namely,  the  three  orthophosphatea  of  ethyl  and  the  neutral  pyrophosphate; 
also  several  sulphophosphatet. 

Etktlphosphobio  Acid,  also  called  PhosphethyUe  or  Phosphotdnio  acid, 

C^TO*  -  (C^»)H«PO*   ■-  CTtt»  >C)«.— This  compound  was  discovered  byLas- 

H«   J 

■aigne  in  1820  (Ann.  Oh.  Phjrs.  [21  xiiL  294X  and  has  been  ftarther  examined  by 
Pelouie  (t^ki,  hi.  87),  Liebig  (Ann.  Ch.  JPharm.  vi.  149),  and  Church  (Proc. 
Boy.  Soc.  xiii.  620).  It  is  produced  by  the  action  of  phosphoric  acid  on  alcohol  or 
ether,  the  latter  reaction  being  however  slower  than  the  former;  also  by  the  action  of 
phosphoric  oxychloride  on  aqueous  alcohol.    (Schiff.) 

Preparation. — 1  pt  of  96  per  cent«  alcohol  is  mixed  with  1  pt.  of  syrupy  orthophos- 

S boric  or  pyrophosphoric  acid,  the  mixture  heated  for  some  minutes  to  60^  or  80^, 
ilnted  after  24  hours  with  eight  times  its  bulk  of  water,  and  neutralised  with  finely 
pulverised  carbonate  of  barium.  The  whole  is  boiled  for  a  while  to  drive  off  the  unoom- 
oined  alcohol,  then  left  to  cool  down  to  70^,  filtered,  and  the  filtrate  left  in  a  cold 
place  that  the  ethylphosphate  of  barium  may  crystallise  out.  From  the  aqueous  solu- 
tion of  this  salt  the  acid  may  be  obtained  by  carefully  adding  sulphunc  acid  and 
filtering;  it  may  also  be  obtained  by  decomposing  the  lead-salt  with  sulphydric  acid  and 
filtering.  ^  Either  of  these  filtrates  evaporated,  first  o?er  the  open  fii«,  and  then  over 
oil  of  vitriol  in  vacuo  at  ordinary  temperatures,  leaves  the  concentrated  acid  in  the  form 
of  an  oil,  which  neither  dries  up  nor  decomposes  when  left  for  a  longer  time  in  vacuo. 
(Pelo«se.) 

The  concentrated  acid  is  a  colouriess,  inodorous,  viscid  ofl,  which  reddens  litmus 
stron^y,  aod  has  a  biting  sour  taste.  It  deposits  a  few  shining  crystals  of  the  add, 
which,  however,  do  not  increase  at  22^.  When  boiled,  it  first  gives  off  ether  mixed  with 
alcohol,  then  ethylene  gas  with  a  trace  of  wine-oil,  and  leaves  phosphoric  add  mixed 
with  charcoal  (Pelonse).  When  distilled  with  acetate  of  potassium,  it  yields  pure 
acetic  ether.    (Liebig,  Ann.  Ch.  Pharm.  xiii.  82.) 

The  add  mixes  with  water  in  all  proportions,  and  may  be  concentrated  by  boiling  up 
to  a  certain  point  without  decomposition  (Pelouse).  It  likewise  mixes  in  all  propor- 
tions with  alcohol  and  ether. 
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Et  hy  Ipho  sphates,  G*H*M'PO^ — ^These  salts  are  all  more  or  less  soluble  in 
and  crystalliBable.    The  lead-salt  is  the  least  soluble.  Most  of  them  have  a  wwtximwm 
degree  of  solubility  at  about  40 — 60*'. 

The  amnumiitm'Salt  is  easily  prepared  by  saturating  the  acid  with  ammonia.  The 
aqueous  solution  becomes  acid  on  evaporation,  but  the  salt  may  be  obtained  in  a  8«ni> 
oystalline  form  by  evaporation  in  vacuo  over  oil  of  vitrioL  When  careAiUy  heated  in 
an  oil-bath  it  gives  off  ammonia  as  well  as  water,  but  appears  to  yield  ethylpihospha- 
mic  acid,  among  other  productsL         ^ 

Arsenious  ethylphotphate^  (0*H*)*A8*PK)",  is  obtained  in  beautiful  feathery  etjit- 
tals  by  dissolving  arsemous  anhydnde  in  the  boiline  aqueous  acid  and  evaporating ; 
also  by  warming  a  mixture  of  azsenious  chloride  and  an  equivalent  quantity  of  anhy- 
drous ethylphosphate  of  lead  (or  silver),  exhausting  the  mass  with  warm  water,  and 
evaporating  the  filtrate.  This  latter  method,  however,  is  not  so  good  as  the  former, 
as  tne  salt  is  slowly  decomposed  by  water  into  arsenious  anhydride  and  ethylphosphon^ 
acid.    ^Church.) 

Ethylphotphate  of  Barium,  (CH*)Ba*P0^6HK),  prepared  as  above,  forms  eoIourleaB, 
very  short,  right  rhombic  prisms,  passing  into  six-sided  tables  by  truncation  of  tiie 
acute  lateral  edges.  It  tastes  agreeably  saline  and  bitter,  effloresces  very  slowly  in  the 
air,  gives  off  its  water  of  crystallisation  at  120^,  acquiring  at  the  same  time  a  pearly 
lustre.  The  crystals  of  the  hexhydrated  salt  immersed  in  a  boiling  saturated  solutioa 
immediately  assume  a  pearly  aspect,  and  are  found  after  drying  in  vacuo  to  be 
converted  into  the  monohydrate,  (C*H*)Ba''PO^H'0.  On  the  other  hand,  this  mono- 
hydrate,  or  the  anhydrous  salt,  when  treated  with  cold  water,  is  immediately  recon- 
verted into  the  hexhydrate.  A  saturated  solution  of  the  ordinary  salt  evaporated  at 
50° — 60°  deposits  pearly  plates  of  a  hydrate  intermediate  between  the  mono-  and 
hexhydrates,  viz.  ((?H»)«Ba«P«0«.7H«0.     (C hur c  h.) 

The  anhydrous  salt  heated  to  dull  redness  gives  off  water  and  earburetted  hydrogen 
with  traces  of  alcohol  and  ether,  and  leaves  dibairtic  pyrophosphate  mixed  with  char- 
coaL    The  principal  decomposition  is  represented  by  Uie  equation : 

2Cra*Ba''0«     -    B;*P»0'  +  2C*H*  +  H«0. 

If  the  dry  salt  be  mixed,  before  ignition,  with  carbonate  of  potassium,  it  likewise  yieldB 
no  alcohol,  but  the  same  volatile  products  as  when  heated  alone  (Pelouze).  From 
the  cold  aqueous  solution  mixed  with  nitric  acid,  alcohol  throws  down  nitrate  of 
barium,  leaving  ethylphosplioric  acid  in  solution. 

The  salt  is  most  soluble  in  water  at  40°,  and  the  solution  saturated  at  that  tempera- 
ture deposits  crystals  of  the  6-hydrated  salt,  both  when  heated  and  when  cooled;  1  pt. 
of  the  (hexhydrated?)  salt  dissolves  in  29*4  pts.  water  at  0^  in  80*3  pts.  at  6°,  in  14*9 
pts.  at  20^  in  10*7  pts.  at  40^  in  12*6  pts.  at  50°,  in  11*2  pts.  at  55<>,  in  12*4  pts.  at 
60°,  in  22-3  pts.  at  80°,  and  35*7  pte.  at  100°.  The  salt  is  insoluble  in  alcohcH  and 
ether,  and  is  precipitated  by  those  liquids  from  its  aqueous  solution. 

The  aqueous  solution  precipitates  the  salts  of  lead,  mercury,  and  silver,  but  not  those 
of  iron,  nickel,  copper,  gold,  or  platinum. 

The  oalciw/i'-scit  forms  micaceous  scales  slightly  soluble  in  pure  water. 

Ferric  ethylphosphate,  ((?H»)«Ee*P«0««.6H«0,  is  obtained  by  piwipitatin^  a  hot 
solution  of  the  silver-salt,  with  an  equivalent  quantity  of  ferric  chloride  also  dissolved 
in  hot  water,  and  separates  in  straw-yellow  films  from  the  filtrate  when  heated  to  the 
boiling-point.    TChurch.) 

By  precipitating  mixtures  of  ferric  and  aluminic  chlorides  in  various  proportions 
with  ethymhosphate  of  silver,  or  heating  mixed  solutions  of  ferric  and  aluminic 
ethylphosphates  to  the  boiling-point,  or  adding  absolute  alcohol  to  them  Ull  only 
a   part    is    precipitated.   Church    has    obtained  ferrico-alwninio   ethylphosphates 

containing  respectively  (C«]ff»)«Fe»Al"PK>".6H»0,  (C«H*)«fe«Al*PH)«.6H«0,  and 
(C«H»/Fe"'Al«P«0«*.6H«0. 

A/erroto-ferrio  ethylphosphate,  (OH»yTe*Fe*PH)".6H»0,  is  obtained  by  precipi- 
tating the  barium-salt  with  a  solution  of  mixed  ferrous  and  ferric  sulpnates,  and 
adding  alcohol  to  the  filtrate. 

The  lead-salt,  (C<H«)Pb'TO«JI>0,  obtained  by  precipitating  a  solution  of  the 
barium-salt  nearly  saturated  at  70°  with  acetate  of  lead,  is  almost  insoluble  in  cold 
water,  but  slightly  soluble  in  hot  water,  from  which  it  may  be  crystallised.  It  may  be 
obtained  anhydrous  by  heating  it  to  1 30° — 1 50°.    (Church.) 

A  mercuroits  salt,  apparently  containing  (C^*)Hg»P0*.2H*0,  is  obtained  by 
precipitation  from  moderately  concentrated  solutions  in  pearly  plates.  It  dissolves 
slightly  and  with  partial  decomposition  in  cold  water,  but  is  insoluble  in  aloohoL 
(Church.) 
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The  potamum-  and  sodiwn^-Mlts,  obtained  by  precipitating  the  bariiim-0alt  irith  the 
corresponding  Bulphatea,  are  deliquescent  and  difficult  to  erystallisei. 

The  silver-salt,  (C»H»)A|^»PO\BPO,  is  aystalline  and  sparingly  eoluUe. 

The  strontirnn-salt  crystallises  wiUi  difficulty  in  hydrated  crystals,  is  much  less 
soluble  in  hot  than  in  cold  water,  and  is  precipitated  from  the  cold  aqueous  solution 
by  alcohoL  

The  uranic  salt,  (C«H»XU*0')*PO*.H»0,  is  obtained  by  dissolving  uranic  oxide  in 
ethylphosphoric  acid,  and  eyaporating  the  filtered  solution  in  pale  yellov  floeksi,  which 
dry  up  to  amorphous,  brittle,  lemon-yellow  masses.  It  is  less  soluble  in  boiling  water 
than  m  water  at  60®  or  70^. 

EthylphosphaU  of  DBtrethylanmomum,  {C«H*)(C»H«»N)«PO*,  is  obtained  by  precipi- 
tating a  hot  solution  of  the  silyer-salt  wiUi  iodide  of  tetrethylammonium,  and  evapo- 
rating the  filtrate,  first  at  100^,  then  over  sulphuric  acid  in  vacuo.  It  forms  a  confused 
mass  of  ciTStals,  which  lose  their  transparency  on  drying,  are  extremely  soluble  in  cold 
water,  and  deliquescent.  It  begins  to  decompose  at  100°,  and  is  completely  resolved 
at  higher  temperatures  into  triethylamine  and  triethylic  phosphate: 

(C«H»)[(C*H»)*N]«PO*     -     2(C»H»)«N  +  (C«H»)>PO*. 

Etetl-sulphophosphobic  acid,C"HTSO*  —  C*H'.H*.PSO". — ^This acid, dis- 
covered by  Cloez  (Compt  rend.  xxiv.  388),  is  known  only  in  aqueous  solution,  and  in 
its  salts.  The  potassium'  and  sodium-^alts  are  easily  obtained  by  agitating  sulpho- 
chloride  of  phosphorus  with  alcoholic  potash  or  soda : 

C«H«0  +  6KK0  +  PSC1«    -    C*H»K»PSO«  +  SKQ  +  8H«0. 

They  dissolve  readily  in  water  and  in  alcohol. 

The  barium-f  strontium-,  and  calcium-salts,  obtained  by  saturating  the  aqueous  acid 
with  the  corresponding  carbonates,  are  crystallisable.  The  formida  of  the  barium-salt 
is  C«H»Ba'TSO«. 

(PO)'"  ) 

DllTHTL-PHOSPHOBIO      ACID,     C*H"PO*      -      (C*H»)«HPO*   -     (Cra*)«yO. 

H     3 

(Yogeli,  Ann.  Ch.  Pharm.  bdx.  180.) — This  add  is  formed,  together  with  the  preced- 
ing, when  absolute  alcohol  or  ether,  in  the  liquid  or  gaseous  state,  is  brought  in 
contact-  with  phosphoric  anhydride.  The  absorption  of  the  vapour  affords  the  best 
mode  of  preparation,  because  when  phosphoric  anhydride  is  introduced  into  liquid 
alcohol  or  ether,  great  heat  is  evolved,  and  the  phosphoric  anhydride  forms  into  lumps, 
which  are  very  &wly  acted  upon. 

Preparation, — ^Phosphoric  anhydride  is  placed  over  anhydrous  ether  or  alcohol  (the 
latter  yields  the  best  product!  and  the  whole  is  covered  with  a  bell-jar  to  keep  out  the 
moisture  of  the  air.  The  annydride  then  absorbs  the  vapour,  and  in  a  week  or  a  fort- 
night deliquesces  to  a  syrup.  This  syrup  is  saturated  with  carbonate  of  lead,  the  in- 
soluble phosphate  of  lead,  &c.,  removed  by  filtration,  and  the  filtrate  evaporated  over  a 
water-bath  or  a  sand-bath.  A  sparingly  soluble  lead-salt  (ethylphosphate)  then  sepa- 
rates out  in  pearly  crystals.  On  further  concentration,  the  solution  yields  groups  of 
crystals  like  caffeme.  These  crystals  consist  of  the  diethylphosphate  of  l«id ;  they 
may  be  purified  by  redissolving  them  at  a  voiy  gentle  heat  and  reciystallising.  From 
the  solution  of  this  lead-salt  the  lead  may  be  precipitated  by  suiphydric  acid ;  and  the 
filtrate  evaporated  in  vacuo  yields  the  hvdratod  acid  in  the  form  of  a  syrup,  which  does 
not  crystallise,  and  appears  to  be  partially  decomposed. 

The  syrupy  add  wnen  heated  gives  off  pungent  acid  vapoure^  and  afterwards  phos- 
phoric ether,  reoe^^msable  by  its  odour.  The  decomposition  terminates  with  a  violent 
nothing  of  ihe  whole  mass,  and  phosphoric  acid  remains  behind.      

The  diethylphosphates  have  the  composition  (C^H»)«MPO«  or  fC*H»)<M"P«0",  ac- 
cording to  the  atomicity  of  the  metal.    They  appear  to  be  all  soluble  in  water. 

The  barium'Salt  is  formed  by  saturating  tiie  aqueous  acid  with  carbonate  of  barium. 
It  dijsolvea  readily  in  water  and  dilute  alcohol,  and  may  be  obtained  in  needles  and 
laminiB. 

The  eakium-saU,  (C*H*)*Ca''PH)',  is  obtained  by  adding  carbonate  or  hydrate  of 
calcium  to  phosphoric  anhydride  which  has  been  left  to  deliquesce  over  alcohol  or 
ether,  or  to  the  aqueous  acid  prepared  by  decomposing  the  lead-salt  with  suiphydric 
add,  or  by  decomposing  the  lead-salt  with  an  alcoholic  solution  of  chlorioe  of 
caldum. 

It  is  very  soluble  in  water,  less  soluble  in  dilute  alcohol,  sparingly  in  absolute 
alcohol,  crystallises  on  cooling  from  a  warm,  concentrated  aqueous  solution,  or  from  an 
aqueous  solution  gradually  evaporated,  in  silky  groups  of  crystals  like  the  lead-salt, 
From  the  solution  in  dilute  alcohol  it  crystallises  in  needles.    When  strongly  heated. 
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it  does  not  give  off  water  or  fiiae^  bat  deoomposes,  with  eTolntion  of  triethylie  phoflphatf; 
turning  Blighdj  black  at  the  aame  time. 

The  oopper^-taUf  obtained  by  deoompoeing  the  lead-salt  with  sulphate  of  oo^n^er,  is 
rery  soloble  in  water. 

The  lead-^aU,  (C*H*)«Pb"F>0*,  prepared  as  aboTe,  dissolves  raadilj  in  cold  water, 
still  more  in  warm  water,  and  separates  on  cooling  from  a  warm  concentrated  Bolntion 
in  groups  of  crystals  resembling  caffeine.  It  is  sparingly  soluble  in  cold,  easily  in  hot 
abrolute  alcohol  It  melts  at  180^,  solidifying  to  a  cnrstalline  mass  on  cooling.  When 
heated  to  about  190®  it  is  resolved  into  triethylie  phosphate,  which  distils  over,  and 
ethylphosphate  of  lead : 

(0«H»)«PbTK)«    =    (C«H»)«PO«  +  (C*H»)Pb'TO^ 

The  other  diethylphosphates  are  decomposed  by  heat  in  a  similar  manner. 

The  manneHum-'  and  niekHsaltB  are  veiy  soluble  in  water;  the  latter  crystallises  in 
groups  of  Lumnn. 

DinTHTLSULPHOFHOBPHO BIG  A-CID, fCHp'HFSO*.  (Csrius,  Ann.  Ch.  Pharm. 
cxii.  190 ;  Jahresb.  1859,  p.  442.) — ^This  acid  is  formed,  together  with  triethyUc  disol- 
jihophosphate,  by  the  action  of  pentasulphide  of  phosphorus  on  alcohol : 

60«H«0  +  FS»     -    (0«H»)*HPSO«  +  (C«H»)«PS«0«  +  2H«8. 

Biethylsulphophosphoric  acid  is  a  viscid,  oily  liquid  having  a  strongly  add  and  like- 
wise bitter  taste.  It  may  be  boiled  in  aqueous  or  alcoholic  solution  without  decompo- 
sition, but  decomposes  when  stronglv  heated  ^er  se,  giving  off  mercaptan  (and  perhaps 
idso  sulphide  of  ethyl),  and  leaves  phosphoric  acid.  It  forms  very  stable  salts,  among 
which  the  amm<>ntttin-,t>{>tow»»»i-,SM&*tfm-,  barium'^ealcium-t  and^eoif-M/todissolveeasily 
in  water,  and  are  soluble  also  in  absolute  alcohol  and  even  in  ether ;  the  tUversalt  is 
nearly  insoluble  in  water,  but  very  soluble  in  alcohol  and  in  ether.  The  silver-,  lead-, 
and  nnc-salts  separate  from  their  solutions  by  rapid  evaporation  in  oily  drops,  which 
remain  viscid  for  a  long  time,  but  solidify  in  the  crystalline  form  when  toucbed  with 
a  hard  body. 

DiiTflTL-DisuLPHOPHOspEOBic  AoiD,  (C*H*)*HPSK)*  (Oariui^  he,  «•<.).— 
Ftodnoed,  together  with  ethylic  sulphide^  by  heating  triethylie  disulphophosphate 
(ti|/ra)  with  mercaptan  in  a  sealed  tube : 

(C*H»)«PSK)«  +  C«H».H.8     -    (C»H»)»HPS«0«  +  (C«H»)«8. 

Triethylie  disoU  Mercap-  DietfajrlsUtal-  Bthylie 

phopnotphate.  Un.  photpborlo  sulphide. 

acid. 

It  is  a  transparent,  colourless,  amorphous  mass,  viscid  at  a  gentle  heat.  Its  salts  are 
produced  by  the  action  of  alcoholic  sulphydrate  of  potassium  or  sodium  on  triethylie 
disnlphophosfhate^  mercaptan  being  formed  at  the  same  time : 

(0*H»)«PSK)«  +  KHS    -    (C*H»)«KP8K)«  +  Cm*M.S. 

DiaTHTL-TiTBASULPHOPHOSPHOBiCACiD,  (CH*)'HPS\ — ^Thcpotsssium-salt 
of  this  acid  is  formed  by  the  action  of  alcoholic  sulphydrate  of  potassium  on  triethylie 
tetrasulphophosphate.    (C  a  r  i  u  s,  ^.  cit. ) 

TBiBTHTtio  Phosphatb,  (C*H»)«PO*  «  (^L|o«.— This  ether  was  disoo- 

vered  by  Vogeli,  who  obtained  it— '1.  By  heating  diethylphosphate  of  lead  to  190^ 
{vid,  tupX — 2.  In  small  quantity,  together  with  diethylphosphonc  acid,  by  the  action  of 
phosphonc  anhydride  on  alcohoL  It  is  likewise  produced — 3.  By  heating  phosphate 
of  silver  with  iodide  of  ethyl  to  100^  (a  sliffht  action  takes  place  also  at  common 
temperatures),  exhausting  the  mass  with  ether,  heating  the  liquid  which  remains  after 
the  evaporation  of  the  ether  to  160°,  and  distilling  it  in  vacuo  at  140<'  (De  Clermont^ 
Ann.  CL  Phaim.  zd.  876). — 4.  By  the  action  of  oxychloride  of  phosphorus  on  ethylata 
of  sodium: 

8C»H»NaO  +  P0C1«     =     SNaQ  +  (C^»)«PO*. 

The  liquid  filtered  firom  the  chloride  of  sodium  is  freed  from  ether  by  heattng  it  in  the 
irater^Dath,  and  the  residue  is  distilled  (Limpricht,  Ann.  Ch.  Pharm.  czzziv.  847). 
—6.  By  the  action  of  the  oxjrchloride  on  absolute  alcohol.    (Schiff.) 

Triethylie  phosphate  is  a  umpid  liquid,  having  a  peculiar  odour,  a  specific  gravity 
of  1*072  at  12^,  and  boUing  at  216**.  It  is  soluble  in  water,  alcohol,  and  ether,  but  is 
slowly  decomposed  by  contact  with  water.    (Carina.) 

Tbibthtlio  Bisvlphophosphatb,  {C^*YP&0^t  ifl  obtained,  together  with 
diethylsulphophosphorio  add  (vid,  sup,\  by  the  action  of  pentasulphide  of  phosphorus 
on  alcohoL  It  is  a  colourless  oily  liquid,  having  an  aromatic  and  somewhat  aUiaceous 
odour,  especially  when  warmed,  and  distilling  undecomposed  with  vapour  of  water. 
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When  treftted  with  aleoholio  snlphydnte  of  potaseinm  or  sodium,  it  yields  diethyi- 
diBulphophosphorio  acid  and  mernaptan  (Carius,  p.  592).  With  alcohoU,  it  yields 
diethyl-Bulphophosphoric  add,  toffether  with  a  sulphide  of  ethyl,  and  the  radide  of  the 
alcohol  employed ;  e,g,  with  amyuc  alcohol: 

(C»H»)«PS«0«  +  (0*H")HO     -     (C«H»)«HPS»0»  +  (C*H»)(C»H»»)S. 

Tbibthylic  Tbtba8UI.phopho8pha.tb,  (C*H')*PS*.  (Carius,  loc.  cit.) — 
iProduced  by  the  action  of  pentasulphide  of  phosphorus  on  mercaptan,  or  better,  on 
mercaptide  of  mercuiy : 

3(0»H»)«Hg''S«  +  P*S*     «     2(C«H»)»PS*  +   3Fg''S. 

It  is  a  light  yellow  oil^  liquid  resembling  triethylic  disnlphophosphate,  but  more 
easily  decomposible.  With  alcoholic  sulphydrate  of  potassium  it  fields  diethyl^tetra* 
sulphophosphoric  acid,  and  with  hydrate  of  potassium,  the  potassium-salt  of  another 
acid,  probably  diethyl -trisulphophospnoric  acid,  (C*H*)*HP8*0. 

Tetbbthtlic  Ftbophosphatb,  (C*H*)*PW.  (De  Clermont,  loe.  cit.) — ^Pro- 
duced by  heating  dry  pyrophosphate  of  silver  with  iodide  of  ethyl  to  100^  in  a  sealed 
flask.  The  filtered  liquid  is  then  distilled  at  the  heat  of  the  water-bath,  and  the  viscid 
residue  is  dried  by  passing  air  through  it  at  130^,  and  then  heating  it  in  vacuo  to  140°. 
It  is  a  viscid  liquid,  of  specific  gravity  1 '172  at  17° ;  has  a  peculiar  odour  and  burning 
taste ;  bums  with  a  whitish  flame,  difihsing  white  vapours.  Potash  decDmposes  it, 
forming  crystallisable  deliquescent  diethylphosphate  of  potassium.  It  is  soluble  in 
water,  alcohol,  and  ether,  soon  turns  acid  when  exposed  to  the  air,  and  dissolves  a  small 
quantity  of  silver-iodide. 

MethyUo  PlUMpliates  or  Ketliylpliosplioiie  etbers.  The  monomethylio 
and  dimethylic  phosphates  haye  been  obtained  by  Hugo  Schiff  (Ann.  Ch.  Phann. 
cii.  834) ;  the  trimethyh'c  ether  is  not  known. 

The  two  acid  ethers  are  produced  simidtaneonsly :  1.  By  the  action  of  phoephorio 
ozychloride  on  methylic  alcohol : 

3(CH»)H0  +  P0C1»     -     (CH>)H«PO*  +   2CIPC1  +     HCl, 
and  3(CH«)H0  +  P0C1»     -     (CH»)«HPO*  +     CRHJl  +  2HC1. 

On  mixing  the  two  liquids,  great  heat  is  evolved,  vapours  of  hydrochloric  add 
and  chloride  of  methyl  given  o£f  and  a  dark  red  liquid  remains  consisting  of  mono- 
and  dimethylphosphoric  acids,  the  former  being  in  the  greater  quantity.  But^  if  the 
phosphoric  oxychloride  be  placed  in  a  flask  attached  to  the  lower  end  of  a  condensing 
apparatus,  and  standing  in  cold  water,  and  the  wood-spirit  be  added  by  drops  from  the 
upper  end,  each  addition  being  made  only  after  the  reaction  produced  by  the  former 
has  subsided,  the  product  consists  almost  entirely  of  dimethylphosphoric  acid,  which, 
after  the  red  liquid  has  been  freed  from  hydrochloric  add  and  wocd-spirit  by  heating 
it  for  several  hours  in  the  water-bath,  remains  in  the  form  of  a  colourless  syrup,  but 
by  continued  heating  over  the  water-bath  is  gradually  resolved  into  wood-spirit  and 
phosphoric  add. 

2.  By  the  action  of  pentadiloride  of  phosphorus  on  methylic  alcohol,  phosphoiio 
oxychloride  being  first  formed,  as  shown  by  the  equation, 

(CH^HO  +  PC1»     -    POCl*  +  CH»C1  +  HO, 

and  then  acting  on  the  rest  of  the  methylie  alcohol  as  above. 

(PO)'") 
Dimethylpkosphorio  acid,  (CH")^HPO«  «■  (CH*)*>0*,  is  veiy  soor,  attadn 

anc  with  evolution  of  hydrogen,  and  decomposes  carbonates  with  facility.  The  aqueous 
solution  is  readily  decomposed  by  boilings  apparently  with  formation  of  monomethyl- 
phosphoric  add.    It  is  soluble  in  alcohol  and  ether.      

The  dimethylphosphates,  (CH«)«MPO*  and  (CH»)<M*TW,  are  obtained  by 
neutralising  the  aqueous  acid  with  the  corresponding  carbonates.  Some  of  the  less 
soluble  may  also  be  obtained  by  predpitation.  They  are  easily  separated  iiom  the 
monomethyiphosphates,  which  are  mucn  less  soluble  and  separate  out  on  evaporation. 
The  dimethylphosphates  are  mostly  colourless,  dissolve  pretty  readily  in  water,  less 
in  alcohol,  not  at  ail  in  ether,  and  are  predpitated  by  alcohol  and  ether  from  their  con- 
centrated solutions. — ^Almost  all  of  them  contain  several  atoms  of  water  of  crystallisa- 
tion.— Their  aqueous  solutions  are  decomposed  by  evaporation,  unless  the  heat  ia 
kept  very  low.  By  distillation  they  yield  the  same  products  as  the  free  add,  with  \ 
residue  of  phosphate. • 

The  barium-gal tt  (Ull')^aTO*,  fbrms  nacreous  laminsB  nearly  insoluble  in  alcohol, 
ThestronHum-Mlt,  (CH*ySr'TK)*.2HH),  is  somewhat  more  soluble  in  alcohol  than  the 
barium-salt,  and  crystallises  firom  the  alcoholic  solution  by  gradual  evaporation  in 
silky  crystalline  lanmue  arranged  in  radiated  groups.    It  gives  off  its  water  at  160^.— 

Vol.  IV.  Q  Q 
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The  adcium^saUf  (CH')^a'T*0',  separates  in  warty  masses^  yery  soluble  in  water.-— 
The  moffnesium'^aalt  is  a  white  powder  soluble  in  water. — ^The  sinc-^alt  is  white  and 
rather  soluble. — The  iron  and  copper-aalis  appear  also  to  be  easily  soluble,  inasmuch 
as  the  solution  of  the  salt  is  not  precipitated  by  solutions  of  iron,  calcium,  or  copper. — 
The  leadsaU,  (CH')^Fb'T'0',  is  precipitated  from  the  concentrated  aqueous  solution 
bj  ether  in  flakes. 

The  soluble  dimethylphosphates  form  white  precipitates  with  salts  of  cobalt ^  mereury, 
and  nlver. 

The  monomethylphosphates,  (CH')M'PO^  are  much  less  soluble  in  water 
than  the  dimethylophosphates.  The  barium-^^t,  (CH*)Ba''P0«.2HK),  is  less  soluble 
in  water  at  100^  than  in  lukewarm  water,  and  separates  as  soon  as  the  solution  ia 
placed  over  the  water-bath,  in  laminae  haTing  a  strong  lustre.  It  gives  off  the  greater 
part  of  its  water  of  crystallisation  even  on  exposure  to  the  air,  a  further  portion  over 
sulphuric  add,  losing  its  lustre  at  the  same  time,  and  the  whole  (2  at.)  at  150°.  When 
strongly  heated  it  gives  off  combustible  gases. 

StUphoehloride  of  phosphorus  forms  with  methylic  alcohol  an  acid  ether,  whose 
barium-salt  is  soluble  in  water.  This  ether  is  probably  monomethylic  sulpho- 
phosphoric  acid,  (CH*)H«PSO«. 

F"  ) 

ADDBifDTTX.    MethylphoBphorouB  acid,  CH^PO*  »  CH*vO*(Schif(Za(;.ef<.), 

-^Produced  by  the  action  of  trichloride  of  phosphorus  on  methylic  alcohol : 

8CH*0   +  PC1«     -    CH»PO«  +   2CH«C1  +  HCL 

Trichloride  of  phosphorus  is  added  by  drops  to  methylic  alcohol  as  long  as  any  action 
takes  place,  and  the  liquid  is  left  in  a  warm  place  for  several  hours,  to  expel  hydro- 
^oric  acid  and  excess  of  methylic  alcohoL  The  compound  is  thus  obtained  in  the 
form  of  a  nearly  colourless,  very  acid  syrup,  which  draws  out  into  threads,  and  cannot 
be  made  to  crystallise.  On  attempting  to  concentrate  it  further  by  heat,  it  is  resolved 
into  methylic  alcohol  and  phosphorous  add. 

The  methylphotphitea,  (CH')HMPO',  are  obtained  by  treating  the  corresponding 
carbonates  with  the  aqueous  acid.  By  evaporation  at  ordinary  temperatures  or  at  & 
very  gentle  heat,  they  are  obtained  as  amorphous  masses  which  exhibit  crvstaUine 
structure  when  scratched  with  a  sharp-edged  tooL  When  strongly  heated,  they  give 
off  phosphoretted  hydrogen  and  combustible  hydrocarbons,  leaving  a  residue  of  phos* 
phate  mixed  with  a  little  amorphous  phosphorus.  They  are  hynxMcopic,  and  dissolve 
readily  in  water,  sparingly  in  alcohol,  and  not  at  all  in  ether.  The  aqueous  solutions 
decompose  slowly  at  ordinary  temperatures  into  methylic  alcohol  and  phosphates. 
This  decomposition  takes  place  most  quickly  when  the  solutions  are  acid,  and  may  be 
prevented  by  keeping  an  excess  of  the  carbonate  in  the  liquid  during  evaporation. 

The  btmum-sMtf  (CH')'H*Ba"P'0',  is  anhydrous,  less  soluble  in  water  and  in  alcohol 
than  the  calcium-salt.  The  calcium-^alt,  (CH*)'HK)a'T*0*.2H*0,  fives  off  its  water 
at  100®.    The  lead-salt,  (CH")«H*PbT«0«,  is  very  easily  decomposed  by  heat. 

The  solution  of  the  calcium-salt  does  not  precipitate  the  chlorides  of  copper  and 
iron ;  with  mercuric  chloride^  it  forms  a  white  predpitate ;  and  with  nitrate  of  silver,  a 
predpitate  which  is  white  at  first  but  quickly  yields  reduoed  silver. 

Vli«BjUo  Vliospliates  or  VHmiylpliospbono  Btli«nk — 1.  Monopkenvl* 
phosphoric  acid,  (C*H*)H<PO\  has  been  obtained  by  Church  (Proc.  Hoy.  Soc 
xiii.  520),  but  the  mode  of  prepazation  is  not  described.  Both  the  add  and  its  salts 
oxidise  rapidly. 

(POy  ) 

2.  Diphenplpho8phorieacid,C^E}^FO*  -  (C*H»)« V0» —This  add  ether  is 

H  ) 
obtained  by  the  action  of  pentachloride  of  phosphorus  on  phenylic  alcohol  prepared 
fiK>m  salicylic  add  (p.  890),  and  appears  to  constitute  the  chief  portion  of  the  product. 
At  ordinary  temperatures  it  is  a  granular  crystalline  powder,  and  after  being  freed 
from  adhering  liquid  by  pressure  ^tween  paper,  mav  be  kept  in  paper  in  the  wannest 
and  dampest  weather  without  alteration.  It  dissolves  easily  in  a  weak  solution  of 
caustic  sMa  to  which  a  little  alcohol  is  added,  forming  the  diphenylphosphate  of  sodium^ 
(C*H*)'NaFO\  which  crystallises  on  cooling  from  a  hot  saturated  solution  in  prisms  or 
needles.  These  ciystals  yield  by  analysis  22*64,  22*82,  and  22*91  per  cent,  water,  and 
8*96,  8'91,  and  9*02  per  cent,  phosphorus,  agreeing  nearly  with  the  formula, 
2{C«H*)*NaPO*.9H«0,  which  requires  22*95  per  cent,  water  and  878  per  cent  phos- 
phorus. Sometimes  (under  circumstances  not  predsely  determined)  flattened  needles 
wereobtainedcontaining24-66— 24-81  percent  water;  the  formula  (C«H»)«NaP0*.5H«0 
requires  24*81  per  cent  On  mixing  the  aqueous  solution  of  the  sodium-salt  with 
neutral  acetate  of  lead,  a  nacreous  cxystalline  predpitate  is  formed  containing  29*2 
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per  cent  lead,  which  agrees  nearly  with  the  formula  (CH*)^Pb'T*0*,  requiring  29*4 
per  cent.    (H.  Watts,  Omelin's  Handbook^  zii.  249 ;  and  unpublished  experiments.) 

Hugo  Millie r,  in  making  some  experiments  with  the  view  of  obtaining  phenylene 
from  phenol  by  the  action  of  phosphoric  anhydride,  has  recently  obtained  a  phenyl- 
phospnoric  add*  the  formula  of  which  is  however  not  yet  made  out.  When  phosphoric 
anhydride  is  brought  in  contact  with  crystalline  phenol,  elevation  of  temperature  takes 
place  and  a  pasty  mass  is  formed,  whi<m  on  heat  being  applied  becomes  nomogeneous. 
The  temperature  being  raised  still  higher,  unchanged  ^enol  distils  over,  but  there  is  no 
indication  that  phenylene  is  formed  in  this  reaction.  On  dissolving  the  residuary  mass 
in  water  and  treating  it  with  barium-carbonate,  a  solution  of  phenylphosphate  of  barium 
is  obtained,  which,  iSter  precipitation  of  the  barium-salt  with  sulphuric  acid  and  care- 
ful evaporation,  yields  the  phenylphosphoric  acid  in  the  state  of  a  heavy  oily  liquid, 
which  separates  from  the  concentrated  solution.  This  phenyl-phosphonc  add  forms 
with  most  metals  well  crystallised  salts. — The  potassium-^  sodium'  and  amm^mtum- 
salts  are  very  readily  soluble  in  water. — The  magnesium-salt  aystallises  with 
difftculty,  and  is  moderately  soluble  in  water. — The  barium-salt  crystallises  in  magnifi- 
cent asbestos-like  crystals.  Solutions  of  the  barium-salt  give  with  acetate  of  lead  a 
white  flocculent  precipitate,  which  soon  becomes  converted  into  a  mass  of  fibrous 
crystals.  Dilute  solutions  give  no  predpitate,  but  on  evaporation  yield  crystals 
resemblinff  the  barium-salt. — The  silver-salt  is  a  white  predpitate  which  soon  becomes 
yellow  and  brown.  Solutions  of  the  phenyl-phosphate  of  barium  do  not  give  precipi- 
tates with  eopper-f  cobalt-,  nickel-^  or  sine-salts  in  the  cold,  but  when  heat  is  applied, 
predpitates  are  formed  which  dissolve  again  on  cooling.  The  phenylphosphates 
like  tne  corresponding  ethylphosphates  possess  the  peculiar  property  of  being  less  soluble 
in  hot  water  than  in  cold :  their  maximum  solubility  appears  to  lie  between  40^  and 
60^^    (Communication  from  J)r,  MuUer.) 

Triphenylie  Phosphate,  (Cra»)«PO*   -  (Sh*)«|^-    (Williamson    and 

S  cm  sham,  Chein.Soc  Qu.  J.  vii.  240.) — This  compound,  the  neutral  phosphate  of- 
pheny^  is  produced,  together  with  chloride  of  phenyl,  by  the  action  of  pentaduoride  of 
phosphorus  on  phenylic  alcohol  obtained  from  coal-tar  creosote,  and  constitutes  that 
portion  of  the  product  (the  largest)  which  distils  above  the  range  of  the  mercurial 
thermometer.  It  is  purified  by  treating  the  crude  product  with  strong  aqueous  potash, 
removing  the  potash  by  washing  with  water,  and  distilling  the  remaining  liquid  two  or 
three  times. 

This  ether,  at  the  ordinary  tempemtures,  is  a  thick,  oily,  fiuorescent  liquid,  but  solidi- 
fies at  low  temperatures  to  a  mass  of  crystals.  It  is  inodorous,  soluble  in  alcohol  and 
ether,  but  insoluble  in  potash  except  on  boiling.  It  is  very  expandble,  sinkixiff  in  a 
cold  solution  of  potash,  but  rising  to  the  surface  on  the  application  of  heat,  ana  again 
falling  to  the  bottom  on  cooling.  It  is  decomposed  by  ethylate  of  sodium,  or  by 
evaporation  to  dryness  with  strong  potash ;  and  on  adding  nitrate  of  potassium  to  the 
residue,  frising,  treating;  the  frised  mass  with  water,  and  neutralising  with  hydrochloric 
acid,  a  solution  is  obtained  in  which  the  phosphoric  add  may  be  detected  and  estimated 
in  the  usual  way  with  ammonia  and  sulphate  of  magnesium.  The  ether  gave  by 
analysis,  65*92  per  cent  carbon,  5*13  hyorogen,  and  8*00  phosphorus,  the  formula 
(CH*)4^0^  requiring  66*11  carbon,  4*59  hy£ogen,  9*7  phosphorus  and  19*59  oxygen. 

(PO)*  ) 

ai70«roplM«pliorlo  AeM,  C*H*PO*  -  (C*H*)'*  VOS  existing  in  the  yolk  of 

H*     3 
eggs  and  in  the  brain,  and  prodnoed  ardfidally  by  the  action  of  phosphoric  add  or 
anhydride  on  glycerin,  has  been  already  described  (it  896). 

(BO)'*  ) 

AoetjIphosylioHe  Add,  probably  C*H70'  -  (C*H"0)*  >0'.H*0,  is  obtained 

H  ) 
by  the  action  of  acetylio  chloride  on  phosphate  of  silver.  On  treatinff  the  reenlting 
mass  with  water,  the  acetylphosphorio  acid  dissolves,  together  with  phosphoric  add; 
and  by  neutralising  the  evaporated  filtrate  with  carbonate  and  hydrate  of  caldum,  pre* 
cipitating  with  acetate  of  lead,  and  decomposing  the  lead-salt  with  sulnhydric  add,  the 
acetylphosphorio  add  is  obtained  as  a  visdd  liquid  which  is  resolved  by  boiling 
the  solution  into  phosphoric  and  acetic  adds.  The  barium-  aadealeium-salis  are  easily 
soluble ;  the  former,  C^H*Ca''P0*.4H'0,  crystallises  in  radiate  needles  and  prisms  per- 
manent in  the  air.    (Kiimmerer  and  Cairns,  Ann.  Ch.  Fharm.  cxxxi.  170.) 

(ptO«)lrv 

AMIylpjroplioq^liorlo  AeMU    (C*H*0)H*P'0'   -  C^H)  [O*.     (N.    Men- 

H«    } 
schutkine,  Bull.  Soe.  Chim.  1865,  i.  269.)— Produced  by  the  action  of  nitric  add,  or 
better  of  hydric  peroxide  on  aeetylpyrophosphorous  add,  (Cfi'O)H'P'O*  (p.  534). — 

QQ  2 
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The  harhmrmtt,  (C*H»0JHBaTH)».2H«0,  is  obtained  by  adding  a  solution  of  barimn- 
peroxide  in  dilate  hydiocnloric  acid  to  a  solution  of  potassic  aoetjlpyrophosphite.  It 
IB  a  crystalline  precipitate,  insoluble  in  water,  moderately  soluble  in  dilute  adds.  Its 
solution  in  nitnc  acid,  decomposed  by  an  equimlent  quantity  of  sulphuric  acid,  yields 
the  aqueous  acid ;  and  on  neutralising  this  with  ammonia,  and  adding  acetate  of  lead, 

the  lead'Salt,  (C*H'0)*PC'P*0'^  is  obtained  as  a  precipitate,  insoluble  in  water,  easily 
soluble  in  dilute  nitric  acid. — ^The  ailversalt,  (CH'O)Ag'P'O^  obtained  in  like 
manner,  is  a  white  precipitate  which  gradually  turns  yellowish.  It  dissolves  without 
decomposition  in  dilute  nitric  acid  and  in  dilute  ammonia,  but  strong  ammonia  poured 
on  the  diy  salt  reduces  part  of  the  silver. 

Acetylpyrophosphorie  acid  is  slowly  converted  into  phosphoric  acid  by  ebullition 
with  aqueous  acid  and  alkalis,  quickly  by  ftision  with  hydurate  of  potassium  or  carbonate 
of  sodium. 


VHOSPKOSVBf  OXTBROMZBB  OF.  POBr*.— This  compound,  discoven^ 
by  Gladstone  (Phil.  Mag.  [3]  zxzv.  345  ;  Jahresb.  1849,  p.  243),  lb  produced  by  the 
decomposition  of  the  pentabromide  in  moist  air :  FBr*  +  H*0  «  2HBr  +  POBc* ; 
and  in  a  pure  state  by  the  action  of  the  pentabromide  on  alcohols  and  acids,  «.^.,  by 
treating  1  at  of  the  strongest  acetic  acid  with  1  at  of  the  pentabromide  (H.  Bitter, 
Ann.  Ch.  Pharm.  ziv.  210) : 

C»H«O.H.O     +     PBr»       =      POBr«     +     C«H»OBr     +     HBr; 
Acetic  Oxybromide  of       Bromide  of 

acid.  phosphorus.  acetyl. 

or  1  at.  ftised  oxalic  acid  with  1  at  pentabromide  (Baudrimont,  BalL  Soc.  Chim. 

1861,  p.  118),   the  reaction  being  similar  to  that  with  the  pentachloride  (infra). 

After  rectification,  it  forms  a  ciystalUne  mass  composed  of  large  laminsB,  melts  at  45^ 

or  46^  to  a  colourless  liquid ;  has  a  specific  gravity  of  2'822  [solid  or  liquid  ?! ;  boils  at 

195^  (Bitter).     It  is  slowly  decomposed  bv  water  into  phosphoric  and  hydrobromic 

adds,  and  acts  upon  alcohols,  acids,  «c.  in  tne  same  manner  as  the  ozychloride. 

PKOaVBORUB.  OJKTCB&O&XBa  OV.  POCl*.--This  compound,  discovered 
by  Wurts  (Ann.  Ch.  Phys.  [3]  zz.  472),  is  produced  by  reactions  analogous  to  those 
above  described  for  the  rormation  of  the  oxybromide.  Qerhardt  (Ann.  Ch.  Phys. 
[3]  xxxviu  285)  recommends,  as  the  best  mode  of  preparing  it^  to  distil  pentachloride  of 
phosphorus  with  half  its  weight  of  oxalic  add  completely  deprived  of  its  water  of 
ajBtallisation : 

C«H«0*  +  POT     -     POa"  +  2HC1  +  CO  +  C0»; 

or  6  pts.  of  the  pentachloride  witb  I  pt  or  rather  more  of  crystallised  boric  add  (ilnd* 
xlv.  102) : 

2H«B0»  +   8PC1»     -     3P0a»  +  B»0»  +   6HC1. 

In  either  case,  hydrochloric  add  is  ^ven  off  as  gas,  and  oxychloride  of  phosphorus  is  the 
only  liquid  product  of  the  distillation.  The  oxydiloride  is  also  produced  by  passing 
oxygen  gas  into  boiling  trichloride  of  phosphorus ;  and  bv  mixing  Uie  pentaenloride 
with  phosphoric  anhy&de:  P*0*  +  3FC1*  -•  6P0C1*;  and  according  to  Lautemann 
(p.  635)  by  heating  phosphoric  anhydride  with  dry  chloride  of  sodium. 

Oxydiloride  of  phosphorus  is  a  colourless  fuming  liquid  baring  a  specific  grarity  of 
1'7  and  boiling  at  110°.  It  is  decomposed  by  water  like  the  oxybromide,  yielding 
hydrochloric  and  phosphoric  acids : 

POCl"  +   3HH)     «     8HC1  +  H»PO* 

Like  pentachloride  of  phosphoms,  the  oxychloride  is  largely  used  for  preparing  the 
chlorides  of  different  radides,  according  to  a  reaction  first  introduced  by  Gerhard t 
(loc.  cit.) ;  with  acetate  of  potassium  for  example  it  yields  phosphate  of  potasdum  and 
chloride  of  acetyl : 

3(C»H«O.K.O)  +  POa>     «     K"PO*  +   3C«H«0a 
(see  Chlobidbs,  i.  897).    Heated  with  metallic  oxides^  it  forms  a  metallic  chloride  and 
phosphate.    Heated  to  100°  in  a  sealed  tube  with  oxychloride  of  chromium,  it  reacts  in 
we  manner  shown  by  the  equation : 

lOPOa*  +   12CrO»Cl«    «    8Cr«0»  +   6Cra»  +  6P»0»  +   18a«.    (Casselman.) 
With  aqueous  alcohol  of  ordinary  strength  it  forms  monoethylphosphoric  add,  and 
witii  anhydrous  alcohol,  triethylic  phosphate  (Schiff,  Jahresb.  1857,  p.  10): 

POa«  +  C»H».H.O  +   2H«0     «     C«H».H«.PO«  +   3HC1; 
and  P0C1«  +  8(C«H».H.O)       =      (C«H»)«PO*    +  3HC1. 

With  ammonia  it  forms  phospho-triamide,  according  to  the  equation : 

POa»  +   3NH«     ^     <^/'|n»  +   3flCl; 
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and  nmilarly  with  aniline  ajod  naphthylamine,  ityieldBtriphenyl.  andtrinftphthylphoe- 
photriamide.  e.g, : 

(por ) 

POOT  +   3(N.H«.C«H»)     -    (CTl»)»VN"  +  3Ha 

H»    ) 

When  added  by  dions  to  heated  zine-^thyl,  it  acts  with  fpwX  ^olenoe  and  Ibrma  a 
colonrleea  Tisdd  liqnio,  solidifying  after  a  while  to  a  -ritzeons  maea^  which  when 
treated  with  water,  yields  insoluble  oxychloride  of  zinc  and  a  soluble  compound  of 
rinc-ehloride  with  chloride  of  tetrethylphosphonium,  2P(C*H»y(3LZn''Cl*.  (Pebal, 
Ann.  C^  Fharm.  czz.  194;  Jahresb.  1861,  p.  491.) 

'  Compounds  of  Phosphoric  Oxychloride  with  Metallic  chlorides  (Casselman,  Ann, 
Ch.  Pharm.  zci.  241 ;  xcyiii*  213 ;  Jahresb.  1854,  p.  360;  1856,  p.  282).— Oxychloride 
of  phosphoms  forms  crystalline  compounds  with  seyeral  metallic  chlorides.  The 
aluminium'Cmnpowndf  AlCl'.POCl',  is  obtained  by  heating  chloride  of  aluminium  with 
excess  of  the  oxychloride  in  a  sealed  tube,  and  separates  on  slow  cooling  in  transparent 
colourless  cirstais.  It  melts  at  165®,  solidifies  in  the  crystalline  form  on  cooling,  boils 
at  a  heat  below  redness,  and  may  be  passed  in  the  state  of  yapour  through  red-hot 
tubes  without  decomposition.  It  deliquesces  when  exposed  to  the  air,  and  dissolves  in 
water,  with  considerable  rise  of  temperature,  and  formation  of  alumina,  hydrochloric 
add,  end  phosphoric  add  (Casselmann,  Ann.  Ch.  Pharm.  xcriii.  218;  Jahresb. 
1856,  p.  282). — A  magnesiumroompoimdt  ]!il^'Cl'.POGl*,  is  formed  in  like  manner,  but 
yery  slowly,  and  may  be  fireed  fh>m  excess  of  the  oxychloride  by  prolonged  heating  to 
150^  in  a  current  of  dry  air.  It  is  inodorous ;  deliquescent;  is  decomposed  by  water 
like  the  preceding  compound ;  and  is  resolyed  at  a  red  heat  into  chloride  of  magnesium 
and  oxychloride  of  phosphorus. — ^A  stannic  compound,  Sn*^Cl*J^OCl*,  is  produced  im- 
mediately, as  a  white  crystalline  mass,  on  bringing  stannic  diloride  in  contact  with  oxy- 
chloride of  phosphorus.  It  also  separates  in  crystals  from  the  yellow  liquid  formed  on 
treating  the  compound  SnCl^SCl*  with  oxychloride  of  phosphorus.  It  has  a  peculiar 
odour,  melts  at  55^,  boils  at  180°,  and  if  protected  from  contact  with  moist  air,  distils 
over  unchanffed.  It  fumes  in  the  air  and  is  decomposed  by  water,  yielding  stannic 
chloride^  hyorodiloric  add  and  phosphoric  add;  if  a  large  quantity  of  water  is  present^ 
stannic  phosphate  separates  out. 

A  compound  of  phosphoric  oxychloride  with  chloride  of  tine  is  produced  by'distilling 
the  two  substances  tooether  in  an  apparatus  which  allows  the  distilled  liquid  to  flow 
back  continually  on  the  fused  chloride  of  zinc ;  or  by  passing  the  yapour  of  the  oxy- 
chloride oyer  melted  sine-chloride,  kept  at  a  temperature  below  its  boiling  point  it 
collects  in  the  receiyer  in  rhombic  crystals. 

Oxychloride  of  phosphorus  does  not  act  on  chloride  of  cofper  eyen  when  heated. 
Mercuric  chloride  slowly  heated  to  100°  with  the  oxychloride  in  sealed  tubes,  becomes 
coytffed  with  colourless  crystals.  The  chlorides  of  poiassium,  sodium,  and  barium  are 
conyerted  by  similar  treatment  into  gelatinous  masses. 

VBOSVBOSVSf  HWLMWTDWm  OV.  These  compounds  have  recently  been  in- 
yestigated  by  O.  Hahn  (J.  pr.  Chem.  xciiL  430 ;  Bull  Soc Chim.  1865, ii.  20).  Berzelius 
showed  that  selenium  and  phosphorus  unite  in  all  proportions  when  heated  together 
(Gmdin^s  Handbook,  ii.  242);  Sogen  (Ann.  Oh.  Pharm.  cxxiy.  57) obtained pentasele- 
nide  of  phosphoms  by  heating  2  at  amorphous  phosphoms  with  5  at  selenium  in  a 
stream  of  carbonic  anhydride ;  and  Hahn  by  a  similar  process  has  obtained  the  com- 
pounds P^Se,  P'Se,  P'Se',  and  P'Se*,  analogous  to  the  sulphides  of  phosphorus.  A 
known  weight  of  ordinary  phosphoms  haying  been  dried  in  a  bulb-tabe  in  a  stream  of 
hydrcM^en,  the  required  quantity  of  pulyerised  selenium  is  added  and  the  mixture  is 
heated :  combination  then  takes  plaice  at  temperatures  aboye  100°,  attended  wiUi  eyo- 
lution  of  b'ght  and  heat. 

Bemla^leiilda  or  8n1iaelmiilde«  P^.— This  oompoiiiid,  when  freed  from  excess 
of  amorphous  phofrphoms  (produced  by  the  heat)  by  distillation,  or  by  straining  through 
A  cloth  under  water,  forms  a  dark  yellow,  oily,  fetid  liquid  which  eohdifies  at  —12°,  and 
is  conyerted  by  heat  into  a  colourless  vapour.  When  dry  it  takes  lire  immediately  on 
coming  in  contact  with  the  air ;  it  is  also  set  on  fire  by  red  fiuninff  nitric  add.  In 
water  containing  air,  it  becomes  covered  with  an  opaque  cras^and  is  partly  decom- 
posed, the  water  taking  up  phosi>horic  acid  and  a  seleniam-compound.  It  dissolyes 
easily  in  sulphide  of  carbon,  but  is  insoluble  in  alcohol  and  ether,  by  which  it  appears 
to  be  decomposed.  It  is  not  attacked  by  cold  alkaline  solutions ;  but  when  boileowith 
them  it  is  decomposed,  with  evolution  of  phosphoretted  hydrpgen  and  formation  of  a 
^enide  and  selenite  of  the  alkali-metal.  In  solutions  of  metallic  salts  it  becomes 
covered  with  a  crust  of  metallic  phosphide  and  sclenide. 

VrotoMleiitde  of  FhoapbomSf  P'Sc,  is  at  ordinary  tempeiatiirefl  a  lig^t  red 
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solid  bodj,  whkh  sablimes  when  heated  and  boms  whm  set  on  fire  with  a  bright 
flame  and  red  smoke.  It  is  permanent  in  dry  air,  bnt  decomposes  in  moist  air,  giving 
off  selenide  of  hydrogen.  It  is  insoluble  in  alcohol  and  ether;  sulphide  of  carbon 
abstracts  from  it  variable  qoantities  of  phosphoms.  Boiling  potash-ley  decomposes 
it,  with  evolution  of  selenhydric  acid,  and  formation  of  a  red  substance  containing 
both  phosphorus  and  selenium. 

Metallic  Seleniohypophosphites, — ^B^  carefully  heating  dry  mixtures  of  pro- 
toselenide  of  phosphorus  and  a  metallic  selenide  in  equiTalentproportions,  selenium- 
salts  are  obtained  having  the  general  formulao  M'Se.P^  orMPSe*  and  WSti^Se  « 
M"P*Se*  according  to  the  atomicitv  of  the  metal 

The  poiauium-salt,  KPSe,  is  white  and  permanent  in  dry  air;  in  moist  air  it  «x- 
hales  selenhydric  acid,  and  becomes  covered  with  a  red  crust.  With  de-aerated  water 
it  forms  a  solution  which  quickly  decomposes,  with  evolution  of  selenhydric  acid,  sepa- 
ratdon  of  selenium,  and  formation  of  potassic  phosphate.  It  dissolves  with  partial 
decomposition  in  absolute  alcohol,  and  cannot  be  crystallised  from  this  solution.  The 
alcoholic  solution  added  to  solutions  of  metallic  salts  having  an  albiline  reacticm, 
throws  down  easily  deoomposible  precipitates  consisting  of  metallic  selenio-faypophos- 
phates;  the  precipitates  formed  m  like  manner  in  acid  solutions  contain  variable 
quantities  of  metidlic  selenide.  Protoeelenide  of  phosphorus  fused  with  2  at.  selenide 
of  potassium  forms  a  red  substance  which  when  heated  with  alcoholic  solution  of 
potash,  gives  up  selenide  of  potassium  and  leaves  the  white  compound  KPSe. 

The  seleniohypophoephites  of  sodium^  barium,  iron,  manganese,  lead^  capper,  and  tU- 
ver  are  obtained  in  the  same  manner  as  the  potassium-salt.  The  preparation  of  those 
containing  tiie  heavy  metals  is  dangerous,  unless  small  Quantities  only  are  operated 
upon;  larger  quantities  take  fire  even  when  briskly  rubbea  in  a  mortar.  The  selenio- 
hypophosphites  of  the  heavy  metals,  with  exception  of  the  manganous  salt,  are  very 
stable,  decomposing^  only  at  high  temperatures.  They  all  dissolve  in  nitric  acid ;  only 
the  manganoua  salt  in  hydrochloric  acid.  They  are  slowly  decomposed  by  boiling 
alkaline  solutions. 

THsetenlde  of  Vliosplionui  or  Whomvihweomm  ■etookie.  F^. — Tb's  com- 
pound, analogous  in  composition  to  phosphorous  oxide,  is  a  solid  body  of  a  dark  raby<- 
red  colour,  and  having,  when  pulverised,  the  aspect  of  amorphous  phosphorus.  When 
heated  it  is  converted  into  a  yellow  vapour  which  condenses  in  films  of  very  various 
colour,  from  light  yellow  to  very  dark  red.  It  bums  in  the  air  with  a  feeble  flame  and 
red  smoke ;  oxidises  slowly  in  moist  air ;  and  gives  off  selenhydrie  add  when  bofled 
with  water.  It  is  insoluble  in  alcohol,  ether,  and  sulphide  of  carbon,  but  dissolves 
easily  in  caustic  potash-ley,  less  easily  in  alkaline  carbonates. 

Seleniophosphites,  2M»Se.P«Se«  =  M*I«Se»  or  2M"Ss.P'Se«  -  lfrP«Se»t 
according  to  the  atomicity  of  the  metaL  When  1  at  phosphorous  selenide  is  fiiMd 
with  2  at.  of  a  metallic  selenide,  compounds  are  formed  whicn  appear  to  be  of  definite 
constitution,  inasmuch  as  if  a  larger  proportion  of  the  phosphorous  selenide  be  used* 
the  excess  may  be  extracted  from  the  frised  mass  by  solvents,  leaving  a  residue  having 
the  above  composition. 

The  potaasiumsalt,  K*P*Se»,  is  yellow,  veiv  hygroscopic,  and  decompodble  by  water ; 
soluble  in  a  mixture  of  alcohol  and  ether,  less  soluble  in  pure  alcohol  or  pure  ether, 
any  excess  of  phosphorous  selenide  remaining  undissolved.  The  solutions  form  with 
the  salts  of  the  heavy  metals,  unstable  precipitates  of  the  corresponding  metaJlie  com- 
pounds. 

The  yellow  sodium-salt  and  the  light-red  barium-salt  have  been  prepared  by  direct 
combination  in  the  dry  way;  also  the  manganese-salt,  Mn"P*Se*,  the  copper-salt, 
Cu»P«Se»,  the  lead-salt,  Pb«P^*,  and  the  silver-salt,  Ag*P^\  which  are  dark  yellow, 
amorphous  and  tolerablv  stable  substances,  dissolved  or  decomposed  only  by  red  Aiming 
nitric  add,  excepting  the  nianganous  salt,  which  is  dissolved  also  by  boiling  hydro- 
chloric acid, 

PentaMleiilde  of  Fliooplioruoy  Vboopbovlo  Selenide.  P'Se^ — ^This  com- 
pound, analogous  in  composition  to  phosphoric  oxide,  is  more  difficult  of  preparation 
than  the  pseepding ;  it  is  necessary  to  use  very  finely  divided  selenium,  prepared  bj 
precipitation  with  sulphurous  acid,  and^  to  mix  the  substances  very  intimately  by 
exposing  them  in  a  glass  tube  to  a  heat  just  sufficient  to  melt  the  phosphorus  before 
subjecting  them  to  a  strong  heat  It  is  solid,  dark  red,  permanent  in  moist  as  well  as 
in  diy  air,  but  decomposes  when  distilled.  It  is  insoluble  in  sulphide  of  carbon ; 
decomposed  by  potash-ley  even  in  the  cold. 

Seleniophosphates,  2M'Se.P*Se'  —  M*P^'.— Pentasulphide  of  selenium  like» 

*  Analogous  to  hypothetical  anhydrous  hypophoaphltes,  MPO  or  M^O.P^O  (p.  &34). 
t  Aualogoua  tU'liypcthelicU  anhydrous  photphitet,  M^E^O^  or  SM^O.PH)*. 
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wiM  onitM  iiitli  metaUio  selenideB,  appanotly  liarming  salU  analogous  in  oompoaition 
to  the  pyvophosphateB ;  but  they  are  yeiy  nnatable  and  their  oompontion  cannot  be 
renidDd  as  deiuiitiTely  established.  The  poiasnum^iolt^  K*F^\  is  daric-oo]onzed» 
deliqaesoent,  and  immediately  decomposed  by  water,  alcohol,  and  ether.  Hence,  when 
added  to  solutions  of  metallic  salts,  it  forms  precipitates  consisting  merely  of  metallio 
phosphide  and  selenide.  Similar  remarks  apply  to  the  sodium-salt  and  to  the  barium-' 
salt,  which  is  of  a  light  brick-red  colour.— The  copper-salt,  Cu^P^8e\  and  the  silver-^alt, 
Ag^P^%  are  blsck,  with  metallic  lustre,  permanent  in  the  air,  and  leaye  metallic 
[khosphides  when  ignited ;  they  are  dissolred  only  by  fuming  nitric  acid.  The  lead-^salt 
IS  black;  the  manganese-salt  nf^t  red. 

VBOSFBOSUBf  BVtJfWLDWB  OV«  When  ordinary  phosphorus  and  sulphur 
sre  heated  together  in  the  dry  state  or  melted  togetlier  under  water,  combination 
takes  place  between  them,  attended  with  Tiyid  combustion  and  often  with  Tiolent 
explosion.  When  amorphous  phosphorus  is  used,  the  reaction  is  not  ezplosiTS  though 
still  Tery  rapid. 

Six  different  compounds  of  sulphur  and  phosphorus  have  been  obtained,  namely 
P«8, 1«S,  P«S»,I«S«,  P«S»  and  P^'«  the  first,  second,  fourth  and  fifth  being  analogous 
to  the  selenide  aboye  described.  They  may  all  be  formed  by  heating  the  two  braies 
together  in  the  required  proportions;  but  the  trisulphide  and  pentssulphide  are  more 
easily  prepared  by  warming  the  protosulphide  with  additional  proportions  oi  sulphur. 
Horeover,  the  two  lower  sulphides,  P^  and  F'S,  exhibit  isomeric  mocUfications,  each 
being  capable  of  existing  as  a  colourless  liouid  and  as  a  red  solid.  The  proto-,  tri-  and 
pentasulphides  of  phosphorus  unite  with  metallic  sulphides,  forming  sulphur-salts 
analogous  to  the  sdenium-salts  aboTe  described.  Our  knowledge  of  the  sulphides 
of  phosphorus  is  due  chiefly  to  the  resesrches  of  Berseliva.  (TraiU  de  Chimie, 
Pans,  1846,  L  815 ;  Chndm^s  Handbook,  ii.  209.) 

Bemtaulpliide  or  aabmapliIdA,  P^.  Hfposutfide  phosphoreux,  Phospkorsul- 
furet.  a.  Colourless  liquid  modification. — ^This  modmcation  is  prepared  by 
melting  4  at  phosphorus  and  1  at.  sulphur  under  hot  water,  or  by  heating  them  ia 
the  dry  state  in  a  sealed  tube  to  about  60^,  afl«r  the  oxygen  of  the  enclosed  air  has 
been  taJcen  up  by  the  phosphorus ;  also  by  digesting  phosph(»us  in  an  slcoholic  solution 
of  potassium-persulphide  (Urer  of  sulphur). 

The  product  thus  obtained  is,  at  ordinary  temperatures,  a  transparent;  colourless 
liquid,  haying  the  consistence  of  a  fixed  oiL  At  a  few  degrees  below  (P  it  solidifies, 
forming  a  mass  of  slender,  colourless  crystals.  It  ftimes  in  the  air,  and  exhales  the 
odour  of  phosphorus.  In  an  atmosphere  free  from  oxygki,  it  may  be  distilled  without 
alteration.  It  readily  takes  fire  in  the  air,  particularly  when  absorbed  by  porous  bodies. 
It  is  insoluble  in  alcohol  and  ether ;  but  these  liquids  are  gradually  altered  by  it^ 
eyen  out  of  contact  of  air,  and  the  new  products  dissolye  in  the  liquid,  while  the 
remaining  sulphide  undergoes  no  alteration,  but  merely  diminishes  in  yolume.  Oils, 
both  fixed  and  ydatile,  dSsolye  it  in  small  quantity :  the  solution  shines  in  the  dark, 
and  giyes  off  slight  ftames  when  in  contact  with  the  air.  Subsulphide  of  phosphorus 
dissolves,  with  the  aid  of  heat,  an  additional  quantity  of  phosphorus,  but  deposits  it 
again  in  the  form  of  rhombic  dodecahedrons  on  coolinff. 

It  may  be  preserved  without  alteration  in  a  bottle  fiJled  with  boiled  watcur  and  wdl 
corked ;  but  in  water  impregnated  with  air,  the  phosphorus  gradually  oxidises  and  is 
converted  into  phosphoric  arid;  hence  the  liquid  acquires  an  acid  reaction.  When 
boiled  with  toater,  it  slowly  exhales  sulphy&c  ada—When  digested  in  solution 
at  potash  or  soda,  it  yields  a  phosphate,  suphydrate,  and  polysulphide  of  the  alkali- 
metal  ;  and  there  filially  remains  a  quantity  of  phosphorus  £^  from  sn^ur,  which 
solidifies  on  cooling 

/3.  Red  Modification.  Formed  when  the  preceding  substance^  or  the  liquid  pro- 
tosulphide of  phosphorus,  is  gently  heated  in  contact  with  an  eleetro«poatiye  metallic 
sulphide.  It  is  beet  prepared  as  follows : — A  layer  of  anhydrous  carbonate  of  sodium 
two  inches  thick  is  plaoed  in  a  tube  six  or  eight  inches  long;  and  a  quantity  of  liquid 
protosulphide  of  phosphorus  poured  upon  it,  drop  by  drop,  till  the  carlxmate  of  sodium 
IS  slightly  impregnatea  with  tne  liquia  throughout.  The  tube  is  then  closed  with  a 
cork,  through  which  a  gos-deliveiy  tube  passes,  and  immersed  in  a  sand*bath,  to  such 
a  depth  that  the  level  of  the  sand  may  be  a  little  above  that  of  the  salt  within  the  tube. 
The  sand-bath  is  raised  to  a  temperature  sufficient  to  maintain  the  water  in  a  vessel 
placed  beride  the  tube  in  a  state  of  constant  ebullition.  On  withdrawing  the  tube 
from  the  sand  from  time  to  time,  it  is  found  that  the  mass  first  turns  yellow  without 
ftising,  and  afterwards  assumes  a  red  colour,  which  commences  at  the  bottom,  and 
gradually  extends  itself  upwards,  increasing  at  the  same  time  in  intenrity.  Above 
the  saline  mass  there  is  deposited,  on  the  sides  of  the  tube,  a  spontaneously  infiam- 
mable  sublimate  ^phosphorous  anhydride,  formed  at  the  expense  of  the  air  already 
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contained  in  the  tube,  and  of  that  which  enteni  alowly  and  insenBibly  thiongfa  the  gas*' 
deliveiy  tube.  As  soon  aa  the  red  colour  ceases  to  spread  any  farther,  the  tnbe  is  with- 
drawn from  the  sand-bath  and  left  to  cool.  When  perfectly  cold,  it  must  be  scratched 
with  a  file,  a  line  or  two  below  the  upper  limit  of  the  red  tint^  then  broken  at  that 
point,  and  the  two  ends  immediately  thrown  into  water,  as  the  sar&ces  of  the  saline 
mass  would  take  fire  instantly  on  coming  in  contact  with  the  air.  The  water  diasolves 
out  a  quantity  of  sulphophosphite,  phosphate  and  carbonate  of  sodium,  while  a  red  J 

powder  is  left  bohind.  This  is  to  be  well  washed  with  eold  water  previously  freed 
from  air  by  boiling,  and  then  left  to  dry  on  the  filter  placed  up«n  filtering  paper  to 
absorb  the  moisture.  The  powder  thus  obtained  is  the  red  hemisulphide  of  pfaosphoms. 
To  insure  success  in  the  preparation,  it  is  neoessaiy  to  use  the  exact  proportions  of 
alkali  and  sulphide  of  phosphorus  required,  and  to  avoid  the  application  of  too  grrat 
a  heat.  If  the  quantity  of  protosulphide  is  too  small,  phosphorus  is  set  free ;  and  when 
it  is  too  great)  other  red  compounds  are  produced  containing  less  phosphorus.  If  the 
temperature  rises  too  high,  the  mass  blackens  without  fusine ;  the  phosphorus  reduces 
the  carbonic  acid,  and  a  quantity  of  charcoal  is  obtained^  impregnated  with  phos- 
phorus and  mixed  with  phosphate,  metaphosphate,  and  persulphide  of  sodium. 

Bed  subsulphide  of  phosphorus  is  a  crystalline  opaque  powder  of  a  beauti/ul 
deep  yermiUion-colour.  It  has  neither  taste  nor  smelL  Heated  in  a  small  dis- 
tillatory apparatus  filled  with  hydrogen  gas,  it  volatilises  without  fusing,  and  con- 
denses in  the  receiver  as  colourless  liquid  subsulphide,  but  this  change  does  not  take 
place  till  the  temperature  is  raised  above  the  boiline  point  of  the  latter.  Pure  nitric 
acid  of  density  1-22  has  no  action  on  this  compound  at  first;  but,  after  a  certain  time, 
the  subsulphide  dissolves  suddenly  and  witn  great  violence.  By  less  concentrated 
nitric  acid,  it  is  not  attacked  without  the  aid  of  heat. 

VrotosQlpbidef  P'S. — Stdphohypophosphoric  acid,  JB^fposu^fidephosphorique.  Un* 
terphosphoriges  8u(fid,  Phosphorauif&r.  a.  Colourless  liquid  modification. — 
Prepared  by  fusing  together  one  atom  of  sulphur  and  two  atoms  of  phosphorus,  in  the 
same  manner  as  in  tlte  preparation  of  the  subsulphide. 

It  is  a  transparent,  yellow,  strongly  refractive  liquid,  not  veiy  mobile ;  has  a  strong 
and  repulsive  odour,  recalling  that  of  phosphorous  acid  and  of  chloride  of  sulphur. 
It  may  be  distilled  vKthout  alteration  in  an  atmosphere  free  from  oxygen.  It  is 
colourless  in  the  gaseous  state.  At  a  certain  number  of  degrees  below  0-^  it  solidi- 
fies and  forms  a  colourless  mass  of  small  interlaced  ciystals;  but  its  ciystallising 
point  is  lower  than  that  of  the  subsulphide.  It  fumes  in  the  air  and  is  luminous  in  tho 
dark;  likewise  emits  light  when  vaporised  in  nitrogen  or  hydrogen  gas  free  from 
oxygen.  It  adheres  strongly  to  dry  solid  bodies:  if  a  small  quantity  of  it  gets  attached 
to  the  fingers,  it  cannot  be  removed  by  water,  even  with  the  aid  of  soap,  unless  the 
skin  be  previously  rubbed  with  oiL  It  takes  fire  easily  in  the  air  at  a  slightly  elevated 
temperature,  burning  with  a  bright  fiame,  like  that  of  phosphorus,  and  emitting  a 
thick  smoke.  It  does  not  take  fire  spontaneously  when  a  drop  of  it  is  let  taU.  on  a 
solid  body;  but  when  absorbed  by  a  porous  body  and  exposed  to  the  air,  it  soon 
becomes  heated  and  takes  fire. 

Dfcompoiitiona. — 1.  When  protosulphide  of  phosphorus  evaporates  slowly  in  a  con- 
fined space  (as  a  bell-jar)  filled  with  moist  air,  which  is  slowly  but  continually  renewed, 
it  is  converted  by  oxidation  into  sulphuric  and  phosphoric  acids,  which  are  deposited 
in  the  form  of  aqueous  solution  on  the  sides  of  the  vessel^and  around  the  liquid  itself. — 

2.  In  a  limited  atmosphere  of  dry  air  slowly  and  continually  renewed  (as  in  a  glass  tube 
imperfectly  closed  by  a  cork)  it  is  gradually  converted,  in  the  course  of  three  weeks,  into 
phosphorous  anhydride,  which  forms  a  white  mass  in  the  upper  part  of  the  tube,  and 
takes  fire  on  removing  the  cork, — persulphide  of  phosphorus  (p.  606),  which  crystallises 
at  the  bottom  of  the  liquid, — and  a  brown  substance,  which  collects  on  the  sides  of  the 
tube,  in  a  layer  of  continually  increasing  thickness,  and  is  resolved  by  digestion  in 
water,  into  phosphoric  and  sulphuric  acids,  and  hydrated  suboxide  of  phosphorus. — 

3.  Placed  in  a  tube  imperfectly  closed  by  a  cork,  and  heated  in  a  sand-bath,  it  is  con- 
verted into  a  white,  spontaneously  inflammable  mass,  consisting,  for  the  most  part^  of 
phosphorous  anhydriae. — 4.  Water  has  but  very  little  action  on  this  liquid.  Under 
de-aerat<ed  water  it  may  be  kept  almost  unchanged ;  in  water  containing  air  it  emits 
after  a  while  the  odour  of  sulphydric  acid,  and  deposits  finely  divided  sulphur. — 5.  With 
alcohol,  ether,  and  oi/s,  both  fixed  and  volatile,  it  behaves  like  the  subsulphide. — 6.  It 
is  decomposed  by  digr^tion  with  caustic  alkalis,  the  products  being  a  phosphate,  sul- 
phydrate,  and  polysulphide  of  the  alkali-metal. — 7.  When  it  is  heated  gently  in  contact 
with  a  metallic  sulphide  in  an  atmosphere  free  from  oxygen,  great  heat  is  evolved,  and 
a  considerable  portion  of  the  liquid  distils  over  with  almost  explosive  violence :  at  the 
same  time  a  siilphohypophosphite  of  the  metal  is  produced  in  which  the  sulphide  of 
phosphorus  exists  in  the  red  modification. —8.  On   digesting  this  compound  with. 
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metallic  solutions,  sulphides  of  the  metal  containing  rariable  quantities  of  snlpholiypo* 
sulphite  are  slowly  deposited,  the  variation  in  the  results  arising  from  oxidation  of  the 
phosphorus  at  the  expense  of  the  metallic  solution,  the  quantity  thus  oxidised  depending 
upon  the  temperature  and  the  concentration  of  the  solution.  From  solutions  of  easily 
reducible  metals,  such  as  silwr^  nothing  but  a  sulphide  of  the  metal  is  precipitated. 
Copper  gives  a  precipitate  of  sulphohypophosphite.  With  ammoniacal  solution  of 
cuprous  chloride^  a  dark-red  precipitate  is  obtained,  resembling  cuprous  oxide. 

fi.  Ked  Modification.  Obtained  by  decomposing  sulphohypophosphite  of  man- 
ganese with  hydrochlorie  acid: 

Mn^aP^  +   2Ea     -    Mn"a«  +  H«S  +  P«S. 

It  is  an  orange-coloured  powder,  inclining  to  yellow,  tasteless  and  inodorous; 
unalterable  both  in  air  and  water.  By  dry  distillation  it  is  converted  into  the  liquid 
protosulphide,  without  pre^nous  fusion.  It  assumes  a  darker  colour  when  heat«d,  but 
regains  its  original  tint  on  cooling.  Takes  fire  in  the  air  at  a  temperature  near  100^, 
and  bums  with  a  very  bright  flame,  emitting  a  thick  smoke. 

When  it  is  digested  in  excess  of  strong  caustic  potash  at  ordinary  temperatures^ 
phosphoretted  hydrogen  gas  of  the  less  inflammable  variety  is  disengaged,  and  the 
alkali  dissolves  small  quantities  of  phosphoric  add  and  trisulphide  of  phosphorus.  On 
the  application  of  heat»  the  whole  is  dissolved,  yielding  the  same  products  as  the  liquid 
modification  (p.  600).  Caustic  anunonia  dissolves  it^  but  not  without  great  difificulty, 
forming  a  yellow  solution. 

Sulphohypophosphites,  M^.P'S  or  MPS. — Protostdphide  of  phosphorus  unites 
with  metallic  sulphides,  forming  compounds  analogous  to  the  seleniohypophosphites 
(p.  598).  They  may  be  fonned,  as  above  mentioned,  either  by  precipitation  or  in  the 
dry  way ;  but  the  latter  method  afibrds  much  purer  products  than  the  former. 

Cuprie  salt^  Cu'T'S' »  Cu 'S.I^S. — ^To  prepare  this  compound,  precipitated  sulphide  of 
copper,  dried  by  gentle  heating  in  a  stream  of  sulphydric  acid  gas,  is  moistened  with  liquid 
prbtoenlphide  of  phosphorus  in  a  tube  having  two  bulbs  blown  on  it.  On  applying  a 
gentle  heat,  combination  takes  place  attended  with  great  rise  of  temperature,  and  the 
greater  part  of  the  excess  of  protosulphide  distils  off:  the  rest  may  be  expelled  by  a  eentle 
heat.  The  remaining  cuprie  sulphohypophosphite  is  a  black-brown  mass  yielding  a 
lighter  powder  by  trituration,  and  usually  containing  a  little  admixed  sulphide  of  copper. 
It  dissolves  slightly  in  boiling  hydrochloric  acid,  and  is  oxidised  and  dissolved  by  nitro- 
muriatic  acid.  By  distillation,  it  gives  off  a  small  quantity  of  liquid  protosulphide  of 
phosphorus,  then,  at  an  incipient  lid  heat^  a  sulphide  of  phosphorus  containing  a  largo 
proportion  of  sulphur,  leaving  liver-coloured  cuprous  sulphohypophosphite, 
Cu*S.P*S  or  CuTS.  This  latter  compound  cannot  be  obtained  by  direct  combination 
in  the  dry  way.  It  is  produced,  however,  by  the  action  of  the  liquid  protosulphide  on 
an  ammoniacal  solution  of  cuprous  chloride.  It  is  not  altered  by  eentle  ignition  in  a 
close  vessd ;  but  when  heated  in  contact  with  the  air,  it  bums  wiUiout  flame,  giving 
off  sulphurous  anhydride. 

Ferrous  saltf  Fe'S-PS  »  FeT^. — ^Prepared  in  the  same  manner  as  the  cuprie 
salt)  using  artificially  prepared  sulphide  oi  iron  in  the  state  of  fine  powder.  It  is 
a  coal-black  powder  generally  containing  a  little  sulphophosphite  of  iron. 

Manganous  salt,  mxk'*F*S'  =  Mn''S.P*S. — ^Prepared  like  the  copper-salt.  It  is  green, 
lighter  than  manganous  sulphide,  is  completely  decomposed  by  dry  distillation,  and 
bums  in  the  air  with  a  strouff  phosphorus-flame.  It  is  decomposed  by  boiling 
hydrochloric  acid,  manganous  sulphide  dissolving,  and  prDtosulphide  of  phosphorus 
remaining  in  the  red  modification. 

Mercuric  salt,  Hg''S.P*S. — Finely  divided  cinnabar  unites  at  a  gentle  heat  with 
Protosulphide  of  phosphorus,  and  after  the  excess  of  the  latter  has  been  removed  by 
distillation  in  a  stream  of  hydrogen,  there  remains  a  dingj  red  mass,  yidding  a  yellow 
powder.  It  is  easily  decomposed  by  a  stronger  heat,  withubemtion  of  metallic  mercury 
and  formation  of  a  yellowish-white  powder  (p.  603).  A  basic  salt,  2H^S,P%,  ib 
obtained  by  heating  mercuric  sulphophosphite  (p.  603)  in  a  retort. 

Silwr-saltj  AgPS  or  Ag*S.P*S. — Formed  when  spongy  silver  (obtained  by  reducing 
the  chloride  with  silver  in  the  wet  way,  exhausting  the  mass  with  cold  hydrochloric 
acid,  and  washing  with  water)  is  treated  with  protosulphide  of  phosphorus  at  a  gentle 
heat.  Combination  then  takes  place  with  some  violence,  and  sulphohypophosphite  o£ 
silver  is  formed,  together  with  a  higher  sulphide  of  phosphorus,  which  must  be  removed 
by  distillation  in  a  stream  of  hydrogen.  The  silver-sulphohypophosphite  may  also  be 
obtained,  mixed  with  a  large  quantity  of  silver>sulphide,  by  warming  the  latter,  recently 
precipitated,  with  liquid  protosulphide  of  phosphorus,  and  treating  the  mixture  with 
warm  nitric  acid,  which  dissolves  only  the  uncombined  sulphide  of  silrer.  The  com- 
pound is  bluck,  but  yields  by  trituration  a  dark  brown  powder  with  a  tinge  of  violtit. 
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By  diy  distillation  it  becomes  semifluid  aad  swells  up  stiongly,  the  sulphide  of  phos- 
phorus passing  oyer  and  the  sulphide  of  silver  remaining.  The  eompound  is  scwoely 
attacked  by  hot  nitric  acid. 

Tritoaulphide  of  Phosphorus,  VS. — ^This  substance,  which  may  be  regarded 
as  a  compound  of  the  hemi-  and  proto-sulphides,  (P^S  +  P%  >»  2F^)  is  prepared  as 
follows.  Precipitated  sulphide  of  zinc  is  treated  with  liquid  protosulphide  of  phos- 
phorus, as  in  the  preparation  of  sulphohypophosphite  of  copper,  whereby  it  is  oon- 
rerted,  first  into  yellow  sulphohypophosphite  oi  idnc,  and  afterwsfds  into  a  red 
compound  consisting  of  (Zn''S.P*S).(Zn''S.P*S) ;  and  on  treating  this  compound  with 
stroDg  hydrochloric  acid,  sulphide  of  sine  dissolyes,  and  the  tritosulphide  of  phos- 
phorus remains  in  the  form  of  a  bright  red  powder,  tasteless,  inodorous,  and  permanent 
in  the  air.  It  takes  fire  at  about  50^,  burning  with  a  phosphorus-flame.  When  si|b- 
mitted  to  dry  distillation,  it  first  turns  black,  then  distils  without  previous  fusion ;  the 
distillate  contains  the  two  liquid  sulphides  P*S  and  P^S,  perhaps  combined  with  one 
another.  Cold  potash-ley  decomposes  the  compound,  with  evolution  of  the  less  in- 
flammable variety  of  phosphoretted  hydrogen. 

Seflqalsnlplilde  of  WtumpTnoruMf  P^S". — ^This  compound  Is  produced  by  heating 
1  at.  sulphur  with  2  or  more  atoms  of  amorphous  phosphorus,  and  may  be  freed  fit>m  ex- 
cess of  tne  latter  by  solution  in  sulphide  ox  carbon,  whence  it  crystallises  in  yellow  right 
rhombic  prisms  of  81°  30'.  It  melts  at  142°  to  a  reddish  mass,  and  sublimes  at  260°  in 
forms  belonging  to  the  regular  system :  hence  it  is  dimorphous.  It  is  more  soluble  in 
sulphide  of  carbon  than  sulphur ;  slightly  soluble  in  trichloride  and  sulphochloride  of 
phosphorus;  dissolves  also,  but  with  aecomposition,  in  alcohol  and  ether.  It  is  perma- 
nent in  the  air  at  ordinary  temperatures,  and  in  cold  water,  and  is  but  slowly  decomposed 
bv  hot  water.  Heated  in  the  air  to  about  100°  it  takes  fire.  It  dissolves  in  cold  dilute 
nitric  acid,  leaving  a  little  sulphur ;  completely  in  nitromuriatic  add  and  in  chlorine- 
wat-er.  It  dissolves  in  sulphide  of  potassium  or  sodium,  probably  forming  definite 
compounds.  It  is  decomposed  by  aqueous  potash,  giving  off  hydrogen  and  phosph(»«tted 
hydrogen,  and  forming  sulphide  and  phosphite  of  potassium.  Heated  to  200°  with 
hydrate  of  lead  it  forms  sulphide  of  lead.  (G-.  Lemo  in  e.  Bull.  Soc.  Chim.  1864,  [1]  407.) 

TrUnlpliide  of  Pliosplionuiy  'P'&.^-Sulphophosphorous  acid.  Phosphorous 
sulphide.  Sulfide  phosphoreux.  Phosphorsu^, — ^Discovered  by  Serullas,  who  ob- 
tained it  by  the  action  of  sulphydric  acid  on  trichloride  of  phosphorus,  but  did  not 
further  examine  it.  Berzelius  prepared  it  by  the  following  methods:  1.  Red  proto- 
sulphide of  phosphorus  is  mixed  with  the  quantity  of  sulphur  required-  to  convert  it 
into  the  trisulphide  (1  at  P*S  to  2  at  S),  and  the  mixture  is  heated  in  a  small  retort: 
The  heat  evolved  at  the  moment  of  combination  is  so  greats  that  a  small  portion  of  the 
mass  is  volatilised  with  violence.  The  whole  then  fuses  uniformly,  and  ultimately 
sublimes  in  the  form  of  a  transparent  crystalline  substance  of  a  pale  lemon-yellow 
colour.  If  the  distillation  be  interrupted  before  the  whole  is  volatilised,  the  un- 
sublimed  portion  retains  a  reddish  colour  while  hot,  but  on  cooline  acquires  the  same 
colour  as  the  sublimed  portion. — 2.  One  atom  of  sulphohypophosphite  of  manganese  is 
intimately  mixed  with  2  atoms  of  sulphur,  and  the  mixture  heat^  in  a  small  retpit  in 
an  atmosphere  free  from  oxysen,  till  nothing  but  protosulphide  of  manganese  remains : 
trisulphide  of  phosphorus  is  then  obtained  in  the  form  of  a  sublimate  : 

Mn''S.P*S  +  S«     =     Mn'S  +  P»S». 

If  a  sulphohypophosphite  be  employed,  the  base  of  which  does  not  so  readily  givo 
up  its  sulphur-acid — the  silver-salt  for  example— only  half  of  the  trisulphide  of 
phosphorus  sublimes,  while  the  rest  remains  in  combination,  in  the  form  of  snlpho- 
phosphite  of  silver. 

KekuU  (Ann.  Ch.  Pharm.  xc.  810)  prepares  this  compound  by  carefully  fusing 
amorphous  phosphorus  with  the  requisite  quantity  of  sulphur  in  an  atmosphere  of 
carbonic  anhydride ;  combination  then  takes  place  without  explosion,  but  nevertheless 
with  great  rise  of  temperature,  so  that  part  of  the  product  is  sublimed. 

Trisulphide  of  phosphorus  is  a  solid  substance,  of  a  pale  yellow  colour.  After  fusion 
or  sublimation,  it  remains  soft,  like  plastic  sulphur,  and  does  not  become  opaque  till  it 
hardens.  It  melts  at  200°  (Lemoine)  and  sublimes  at  a  temperature  below  the  sublim- 
ing point  of  sulphur.  "When  heated  in  the  air,  it  bums  with  a  whitish-yeUow  flame,  and 
difiusee  a  thick  smoke.  In  moist  air,  it  decomposes  rapidly,  becoming  white  and  assum- 
ing an  acid  reaction,  in  consequence  of  the  formation  of  phosphoric  acid :  at  the  same 
time  it  acquires  a  bitter  and  hepatic  taste.  This  decomposition  in  the  air  takes  place 
so  rapidly  that  the  substance  can  only  be  preserved  in  vessels  hermetically  sealed. 
The  unsublimed  reddish  trisulphide  decomposes  in  the  same  way. 

Trisulphide  of  phosphorus  is  rapidly  dissolved  by  the  fixed  caustic  alkalis  and  by 
ammonia.    The  solutions  have  a  pale  yellow  colour,  and  when  treated  with  adds  yield 
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a  ligbt,  flocculent,  and  nearly  white  precipitate^  which  falls  down  bIowIj,  and  has  a  pale 
yellow  colour  when  collected  in  a  mass :  this  precipitate  may  be  washed  and  dried. 
Trisulphide  of  phosphoros  in  this  state  is  less  rapidly  decomposed  by  ezposnre  to  the 
air  than  that  which  has  been  fnsed  or  sublimed.  It  is  uncertain  whether  Uie  difference 
thus  produced  by  the  influence  of  an  alkali  depends  upon  an  isomeric  modification. 
Trisulphide  of  phosphorus  is  easily  dissolved  in  the  cola  by  carbonate  of  potassium  or 
sodium,  but  deposits  sulphur  at  the  same  time — h  proof  that  decomposition  takes 
place. 

Sulvhophoaphites, — 1  atom  of  trisulphide  of  phosphorus  unites  with  2  atoms  of 
a  metallic  protosulphide,  forming  salts  having  the  composition  2]^S.P*S'  »  M^P*9* 

and  2M'S.F*8'  »  M'P'S^,  according  to  the  atomicity  of  the  metaL  These  compounds  are 
produced,  together  with  £ree  trisulphide^  of  phosphorus,  by  triturating  the  correspond- 
ing sulphohypophosphites  with  the  requisite  quantity  of  sulphur: 

2(M«&P«)  +   S*     -     2M«aP'S«  +   P»S». 

They  an  alao  formed  by  heating  protosulphide  of  phosphorus  with  metallic  pdy- 
sulphidea,  just  as  certain  lower  oxides  of  metalloids  are  converted  by  heating  with 
metallie  peroxides  into  higher  oxides  of  an  acid  character,  which  then  unite  with  the 
bases  formed  by  reduction  of  the  peroxides.  Many  sulphophosphites  are  decomposed 
by  heat»  giving  off  trisulphide  of  phosphorus,  and  leaving  the  metallic  sulphide. 

Cuprtc  Sulphofhosphite,  Cu*F*S*  ->  2Cn'^F*S".— FMduced  by  precipitating  an 
ammoniacal  solution  of  cupric  sulphate  with  soda-liver  of  sulphur,  and  treating  the 
washed  precipitate  (CuS*),  after  dimng  in  vacuo,  with  liquid  protosulphide  of  phos- 
phorus. Combination  then  takes  place,  attended  with  evolution  of  heat,  and  the  excess 
of  protosulphide  may  be  expelled  in  a  stream  of  hydrogen.  The  cupric  snlphophos- 
phite  then  remains  as  a  dark  yellow  powder  whioi  bums  with  a  phosphorus-flame 
when  heated  in  the  air.  When  subjected  to  dry  distillation,  it  gives  off  sulphur  and  leaves 
a  dark  brown  basic  cuprous  sulphohypophosphite,  2Cu%J^ 

Ferrous  SidphophoaphiU,  f^F^  «  2Fe"S.P^*.— Obtained  by  moistening  flnely 
divided  iron  pyrites  (FeS*)  in  a  bulb-appaiatus  with  liquid  protosulphide  of  phos- 
phorus, and  applying  a  gentle  heat.  After  the  excess  of  the  protosulphide  has  distilled 
off,  the  sulphophos^te  remains  as  a  dark  yellow  mass,  having  a  faint  metallic  lustre. 
It  dissolves  in  boihng  hydrochloric  acid,  and  decomposes  in  contact  with  moist  air,  emit- 
ting the  odour  of  sulphydric  acid.  IRj  dry  distillation  it  gives  off  sulphur,  and  leaves 
the  black-brown  compound,  2Fe"S.P^. 

Nereurio  Sulpkopkoiphite,  Hg>F^  -  2Hg''aP*S'.— Flrodnoed  by  headnff  the  cor- 
responding sulphohypophosphite  in  a  retort  having  its  neck  closed  by  a  cork,  to  about 
the  boiling  pout  of  sulphur.  A  black  mass  then  sublimes,  containing  numerous 
globules  of  mercury,  and  mercuric  snlphophosphite  remains,  as  a  yeUowish-white  mass, 
which  at  a  higher  temperature  is  zesolved  into  basic  mercuric  sulphohypophosphite  and 
meteurio  sulphophosphate : 

2(2Hg'*S.F«^)     -     2Hg"'SJra  +   2Hg"S.F«». 

/SidphopkospMte  of  Siltfcr,  Ag«FS*  «  2Ag%.F*S'.— Ftoduced  by  heating  finely 
divided  silver  with  phosphorus  and  sulphur  in  an  atmosphere  of  hydrogen,  the  combi- 
nation taking  place  with  great  violence.  The  product  after  being  heat^  forms  a  grey 
lump,  yielding  a  light  yellow  powder.  Nitric  acid  decomposes  it  easily,  and  dissolves  it 
without  separation  of  sulphur. 

VeBtaaulpbide  of  Vt&oaplioms,  ¥*&. — Sulphcnhotphorio  acid,  Pkoaphorio  8td- 
phide.  Sulfide  phosphorique.  Pkosphorsper9ulJid.'--T]nB  compound,  analogous  to  phos- 
phoric oxide  or  anhydride,  is  produced :  1.  By  direct  combination,  when  sulphur  and 
phosphorus  are  heated  together  above  100^  in  an  atmosphere  free  from  ojygen.  With 
ordinary  phosphorus  the  combination  is  attended  with  a  very  violent  and  daneerous 
explosion,  but  when  amorphous  phosphorus  is  used,  no  explosion  takes  place,  uough 
great  heat  is  evolved. — 2.  By  heating  1  at.  solid  protosulphide  of  phosphorus  with  4  at^ 
sulphur,  in  an  atmosphere  free  from  oxygen.  The  act  of  combination  is  attended  with 
a  sudden  disengagement  of  heat,  by  which  a  portion  of  the  substance  is  rapidly  sublimed ; 
but  there  is  no  explosion  or  production  of  Dght. — 3.  When  1  at.  sulphohypophosphite 
of  manganese  is  heated  with  4  at.  sulphur,  the  pentasulphide  sublimes  at  a  eentle  heat, 
leaving  protosulphide  of  manganese.  Sulphohypophosphite  of  silver  heated  with  4  at. 
sulphur  yields  sulphophosphate  of  silver,  while  half  of  the  pentasulphide  of  phos- 
phorus sublimes. — 4.  Pentasulphide  of  phosphorus  is  likewise  formed  wlten  the 
liquid  protosulphide  is  heated  in  a  current  of  sulphydric  acid  gas.    A  pale  liquid  distils 
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over,  which  is  a  solution  of  the  pentasnlphide  in  the  Uqnid  protosulphide,  and  yields  a 
small  quantity  of  the  former  in  ciystalline  scales. 

Pentasulphide  of  phosphoros  is  of  a  pale  yellow  colour,  like  the  trisulphide,  but 
ciystallises.  When  it  is  sublimed  reiy  slowly  and  in  such  a  manner  that  it  can  form 
isolated  crystals,  these  crystals  are  transparent,  and  appear  perfectly  colourless  when 
thin :  their  faces  are  deeply  striated.  When  the  liquid  pentasulphide  is  distilled,  it 
assumes  a  crystalline  form  in  solidifying,  and  is  then  easily  detached  from  the  glaJss. 
When  solidified  by  sudden  cooling,  it  does  not  crystallise,  but  forms  a  mass,  sometimes 
yellow  and  transiparent,  sometimes  whitish  and  opaque.  When  obtained  by  fusion  firom 
the  red  protosulphide  of  phosphorus,  it  does  not  crystallise  on  cooling,  unless  it  be 
first  sublimed.  After  being  fused  and  heated  to  the  boiling  point,  it  has  a  deeper 
colour,  like  that  of  sulphar.  Its  boiling  point  is  higher  than  that  of  sulphur,  and  the 
colour  of  its  vapour  is  a  less  intense  yellow  than  that  of  sulphur  vapour.  When  heated 
in  the  air,  it  bums  with  a  pale  phosphoric  flame,  and  dififuses  a  lar^  quantity  of  smoke. 
In  moist  air,  it  is  decomposed  almost  as  easily  as  the  trisulphide,  and  transformed 
into  a  white  mass  impregnated  with  phosphoric  acid« 

8iilphopho8phate8.  Pentasulphide  of  phosphorus  dissolves  in  caustic  alkalis 
and  in  ammonia,  forming  pale-yellow  solutions,  from  which  acids  precipitate  sulphar 
with  abundant  evolution  of  sulphydric  acid.  It  appears  as  if  no  alkaline  sulphophos* 
phate  could  exist  in  contact  with  water.  The  carbonates  of  potassium  and  sodium 
slowly  dissolve  the  pentasulphide  in  the  cold,  producing  at  the  same  time  an  abundant 
deposit  of  flakes  of  sulphur.  On  heating  the  liquid  to^  about  60^,  the  sulphide  of 
phosphorus  dissolves  with  violence,  and  inodorous  carbonic  anhydride  is  evolved :  no 
deposition  of  sulphur  takes  place.  When  boiled,  the  liquid  evolves  carbonic  anhydride 
and  sulphydric  acid  gases  together. 

Suiphophosphate  of  potassium  is  obtained  in  the  dry  way,  mixed  with  trisulphide  of 
phosphorus,  by  passing  phosphoretted  hydrogen  over  the  heated  compound  K*8' 
(IL  Kose^.  The  colourless  stut  thus  produced  is  soluble  in  water,  but  is  decomposed 
thereby,  yielding  sulphydric  acid  and  phosphate  of  potassium. 

The  neutral  sulphophosphates  of  the  heavy  metals  have  the  composition  MT^'  -a 
2M''S.P'S*  analogous  to  that  of  the  pyrophosphates.  They  are  produced  by  heating 
basic  sulphohypophoBphites  with  the  corresponding  quantity  of  sulphur :  2M''S.P*S  -f 
8*  CB  2M"S.I^S*.  When  heated  they  behave  like  the  sulphophosphites,  many  of 
them  giving  off  undecomposed  pentasulphide  of  phosphorus,  and  leaving  a  pure  metallic 
sulphide :  e.  g.  the  zinc,  manganous  and  ferrous  salts ;  others  are  decomposed  by  heat 
into  sulphur  and  a  residue  of  sulphohypophosphite.  The  sulphophospmites  are  per- 
manent in  dry  air,  but  in  moist  air  they  exhale  the  odour  of  sulphydric  acid.  When 
heated  in  the  air,  they  bum  with  a  phosphorus-flame ;  but  few  of  them  have  been 
speciaUy  examined. 

The  cupric  salt  Cu'P'S^  obtained  by  gendy  heating  the  compound  2Cu*S.P^  with 
4  at.  sulpnur,  has  a  pale  yellow  colour ;  but  if  too  strong  a  heat  has  been  applied  in 
its  preparation,  part  of  the  phosphoric  sulphide  goes  off  and  a  basic  sulphophosphate 

Cu«P»S'.6Cu''S  remains  behind. 

The  mercuric  salt  is  obtained  by  the  dry  distillation  of  mercuric  sulphohypophos- 
phite or  sulphophosphite.  The  former,  if  somewhat  strongly  heated  in  a  retort,  first 
gives  off  metallic  mercury,  and  then  yields  mercuric  sulphophosphite,  which  sublimes 
in  transparent,  highly  lustrous,  pale  yellow  needles.  If  on  the  other  hand  the  sulpho- 
hypophosphite be  very  gently  heated  for  a  considerable  time,  so  that  mercuric  sulpho- 
phosphite may  be  first  formed,  and  this  salt  be  then  heated  to  sublimation,  a  subli- 
mate of  pure  mercuric  sulphophosphate  is  obtained  in  red  shining  crystals  very  much 
like  cinnabar,  but  of  somewhat  lighter  colour  and  yielding  a  brown-yellow  powder. 

Alcoholic  Sulphophosphate s. — A  triethylic  sulphophosphate,  (C*H*)*PS*  a 
3C^H*S.P*S*,  analogous  m  composition,  not  to  the  pyrophosphates,  but  to  the  normad 
orthophosphatcs,  has  been  already  described  (p.  693). 

SnlpHoxTphoapliate*,  M»PSO«  or  8M«0.I»SK)«  and  li»P«S«0«  ^  aM^O-P^S^O" 
(Wurtz,  Ann.  Ch.  Phys.  [3]  xx.  472).— Sulphoxyphosphate  of  sodium  is  obtained  by 
the  action  of  caustic  soda-solution  on  phosphoric  sulphochloride : 

PSCl«  +   6NaH0     -     Na*PSO«  +   3Naa  +   3H»0. 

When  the  materials  are  put  into  a  retort,  and  subjected  to  the  heat  of  a  water-bath, 
ebullition  takes  place,  and  part  of  the  sulphochloride  distils  over  Into  the  receiver;  and 
when  the  whole  of  the  sulphochloride  has  disappeared,  and  the  liquid  is  allowed  to 
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cool,  it  genendly  forms  into  a  solid  cfystalline  mass:  this  is  to  be  drained,  and  tho 
OTjrstals  purified  by  repeated  solution  in  water  and  crystallisation.  The  soda  must  be 
in  excess,  because  the  firee  acid  in  solution  is  readily  decomposed  into  phosphoric  and 
sulpbydric  adds : 

H»PSO"  +  mo     «     H»S  +  H«PO*. 

Sulphoxyphosphate  of  sodium  is  readily  soluble  in  boiling  water,  and  crystallises  on 
cooling  in  brilliant  six-sided  tables.  The  solution  has  a  strong  alkaline  reaction. 
Chlorine,  bromine,  and  iodine  decompose  it  immediately,  with  separation  of  sulphur 
and  formation  of  disodic  orthophosphate.  The  weakest  acids  added  to  the  solution 
liberate  sulphoxyphosphoric  acid,  wnich  is  immediately  decomposed  on  boiling. 

The  sulphoxyphosphates  of  barium^  strontium^  and  calcium  are  insoluble ;  the  nickel- 
and  eohalt'Salts  turn  black  on  boiling ;  the  lead-salt  is  white  when  newly  formed,  but 
turns  black  in  a  few  hours  from  separation  of  lead-sulphide. 

Ethyl-sttlpkoxypko8phorio  or  Etnyl-aulphaphosphoric  acid,  (C•^*)H'PSO•,  produced 
by  the  action  of  alcoholic  potash  or  soda  on  phosphoric  sulphochloride  (Cloez),  and 
diethyl-mlphophospkoric  acid,  (C*H*)*HPSO*,  by  the  action  of  pentasulphide  of  phos- 
phorus on  alcohol  (Garius),  have  been  already  described  under  phosphoric  ethers; 
also  certain  ethyl-phosphoric  ethers  in  which  2  at.  oxygen  are  replaced  by  sulphur 
(pp.  591-693). 

Persulpblde  of  Phosplioriui.  This  compound,  which  may  be  obtained  by  direct 
combination  of  its  elements,  was  first  recognised  by  Dupr^,  who  assigned  to  it  the 
formula  P*S*.  Berzelius  afterwards  gave  the  formula  P-S'*.  The  cause  of  this  great 
difference  has  not  been  ascertained. 

"When  1  pt  phosphorus  is  fused  with  1  pt.  or  more  of  sulphur,  the  mass  separates 
on  cooling  into  liqmd  piotosulphide  and  crystals  of  the  persulphide.  The  best  mode 
of  obtaining  the  persfUphide  regularly  crystallised  is  to  dissolve  1  atom  of  sulphur  in 
1  atom  of  liquid  protosulphide  of  phosphorus  by  the  heat  of  a  water-bath,  and  then  leave 
the  vessel,  carefully  closed,  to  oool  in  the  bath.  The  crystals  thus  obtained  are  few  in 
number,  but  of  considerable  SLse,  yellow  and  shining,  and  frequently  present  numerous 
facets,  like  those  of  native  sulphur.  Some  are  deavable  in  the  direction  of  the  laminae. 
They  are  impregnated  with  protosulphide  of  phosphorus,  which  adheres  to  them 
obstinately,  and  causes  them  to  emit  slight  fumes  from  the  surface  of  a  recent  fracture. 
To  free  the  crystals  from  the  protosulphide,  they  must  be  dried,  reduced  to  sinall 
pieces,  and  placed  between  folds  of  bibulous  paper  under  a  bell-jar,  and  by  the  side  of 
a  small  dish  cont«iining  water,  the  edge  of  the  bell-jar  being  slightly  raised  by  the 
insertion  of  a  small  piece  of  wood  to  allow  of  the  renewal  of  the  air  within  it.  In  this 
manner,  the  protosulphide  adhering  to  the  crystals  is  converted  into  phosphoric  acid, 
sulphuric  acid,  and  persulphide  of  phosphorus.  Some  time  elapses  before  the  change 
is  complete ;  but  sooner  or  later  the  odour  of  the  protosulphide  disappears  entirely.  The 
crystals  are  then  to  be  washed  and  dried  over  oil  of  vitrioL 

The  crystals  thus  obtained  may  be  exposed  to  the  air  for  a  long  time,  without  dimi- 
nution of  the  lustre  of  the  cnrstalline  facets ;  but  after  a  while,  they  redden  litmus 
paper  when  placed  upon  it.  In  a  stoppered  bottle  filled  with  dry  air  they  may  be 
preserved  for  any  length  of  time  without  alteration.  They  fuse  at  a  temperature  near 
the  melting  point  of  sulphur,  and  then  distil  over  without  separation  of  protosulphide 
of  phosphorus.  The  distilled  product  does  not  crystallise,  but  remains  soft  long  after 
ooolins.  If  the  persulphide,  when  subjected  to  distillation,  is  not  ^uite  free  from  pro- 
tosulphide, an  explosion  takes  place  on  the  application  of  heat,  arising  from  the  forma- 
tion of  pentasulphide. 

The  persulphide  dissolves  in  caustic  alkalis,  behaving  like  a  mixture  of  sulphur  and 
protosulphide  of  phosphorus,  and  forming  phosphate,  hyposulphite,  and  persulphide  of 
the  alkiui  metal.  By  fusion  at  a  gentle  heat,  it  may  be  made  to  take  up  an  additional 
quantity  of  sulphur.    (Berzelius.) 

WMOmwnCiKUth  BU&VHOBROKXBB  or.  PSBr*.  (Baudrimont,  BulL 
Soc.  Chim.  1861,  p.  118.) — Produced:  1.  By  the  action  of  dry  sulphydric  add  gas  on 
the  pentabromide: 

PBr»  +  H«S     -    PSBr»  +  2HBr. 

2.  By  <^»»fa'ning  a  mixture  of  pentabromide  of  phosphorus  and  sulphide  of  antimony: 

3PBr»  +  Sb^     -     3PSBr«  +  2SbBr». 

3.  By  direct  combination  of  1  at  tribromide  of  phosphorus  with  1  at.  sulphur. 

It  is  a  solid,  yellowish,  veiy  dense  mass,  whicn  fumes  in  the  air,  has  a  nauseating 
odour,  is  paimlly  decomposed  by  heat,  and  slowly  but  completely  by  water. 
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nOttFSOAini,  smPBO€«&OBXBB  or.  PSa^-^This  oompoDud,  the 
analogae  of  phosphoric  ory^chloride,  was  disoovered  bjSeruUas  (Aim.  Ch.  Phys.  [2] 
xlii.  26),  who  obtained  it  by  the  action  of  snlphydric  add  gas  on  the  pentaohloride : 

PC1»  +  H*S     =     2HC1  +  PSCP. 

The  product  is  parified  by  distillation. 

It  is  likewise  formed,  together  with  other  products,  by  the  action  of  pentachloride  of 
phosphorus  on  yarious  metallic  sulfides  (W  eber,  p.  514),  and  by  that  of  sulphur  on 
the  pentachloride  (Wohler  and  Miller).  G-ladstone  (Chem.  Soc.  Qu.  J.  iii.  6\ 
by  melting  8  pts.  pentachloride  of  phosphorus  with  1  pt.  sulphur,  obtained  a  colour- 
less liquid  boiling  at  100°,  and  apparently  consisting  of  POPS',  or,  according  to  Schiff 
(Ann.  Ch.  Pharm.  cL  309),  of  PSC1«.SC1*. 

According  to  Baudrimont  (BulL  Soc.  Chim.  1861,  p.  117),  the  sulphochloride  is 
most  easily  prepared  by  the  action  of  pentachloride  of  phosphorus  on  trisulphide  of 
antimony:  gp^^  ^  g^,g,     ^     ^SbCl*  +  8PSC1«. 

About  30  grms.  of  phosphorus  is  converted  into  pentachloride  in  a  laige  flask;  the  flask 
is  then  taken  out  mto  the  open  air,  its  neck  surrounded  with  a  wet  cloth,  and  116 
grms.  of  antimonious  sulphide  gradually  added,  with  frequent  agitation,  till  aU  the 
pentachloride  has  disappeared  and  a  slight  excess  of  antimonious  sulphide  is  present. 
The  resulting  liquid,  which  is  hot  from  the  yiolence  of  the  reaction,  is  then  decanted 
into  a  dry  retort  and  distilled  at  126^  to  135^.  To  purify  the  distillate  from  chloride 
of  antimony,  pentachloride  of  phosphorus,  and  chloride  of  arsenic  (resulting  from 
arsenic  in  the  sulphide  of  antimony),  it  is  cooled  to  a  low  temperature  and  agitated 
with  a  dilute  solution  of  sodium-sulphide.  The  chlorosulphide  of  phosphorus  is  then 
separated  from  the  alkaline  liquid  by  a  tap-funnel,  carefiiUy  dried  by  chloride  of 
calcium,  filtered  through  asbestos,  and  finally  distilled  from  a  dry  retort  The  product 
amounts  to  120  grms. 

Sulphochloride  of  phosphorus  is  a  colourless,  rather  mobile,  oily  liqidd,  having  an 
intensely  pungent  odour,  aromatic  when  diluted ;  the  vapour  irritates  the  eyes  strongly. 
Sp.  gr.  -  1-631  at.  22°.  Boiling-point  124-260  (Baudrimont);  126— 127*^ 
(Cahours).  Vapour-density  »  6*963  at  168^;  6-879  at  244<';  6-878  at  298<» 
(C  ah  ours) ;  calc.  (2  vol.)  »  6*932.    The  vapour  bums  with  difficulty. 

The  sulphochloride  is  slowly  decomposed  by  toa^,  yielding  phosphoric,  hydroehlorie, 
and  sulphydric  acids,  and  f^mes  slightW  in  moist  air.  It  is  decomposed  by  hot  mtric  acid. 
When  heated  with  aqueous  caustic  alkalis,  it  is  converted  into  a  salt  of  sulphoxyphos- 
phoric  acid  H'PSO*  (Wurtz,  p.  604).  With  alcohol  it  yields  ethyl-sulphoxyphos- 
phoric  acid  (U*ll*)H'PSO*  (p.  591).  With  aqueous  ammonia,  it  forms  sulphoxy- 
phosphamic  or  thiophosphamic  acid,  an  acid  which  may  be  derived  from  sul- 
phoxyphosphoric  or  thiophospnoric  acid  by  the  substitution  of  NH*  for  HO ;  or  if  the 
ammonia  is  very  strong^  or  if  ammonia-gas  acts  on  the  sulphochlmide  first  and  water 
afterwards,  the  product  is  sulphox^phosphodiamic  or  thiophospbodiamio 
acid,  derived  in  like  manner  firom  thiophosphoric  acid  by  the  substitution  of  2  at. 
NH*  for  2  at  HO;  thus: 

PSC1«     +     8H»0       -       3HC1     +     PH»SO«. 

Thiophoiphoric 
add. 

PSa«  +  NH"  +  2H«0     «     8HC1  +  P(NH»)H»SO*. 

Thiopbotphamic 

PSC1«  +  2NH«  +  H«0     «     8Ha  -»■  P(NH«)  HSO. 

Thiophosphc  diamic 
acid. 

Dry  ammonta-gas  impears  to  act  on  sulphochloride  of  phosphorus  by  removing 
2  atoms  of  chlorine  and  leaving  2  atoms  of  amidogen  in  their  place ;  thus  : 

PSa»  +  4NH«     -     2NH*C1  +  P(NH«)»C1S. 

The  latter  compound  has  not  yet  been  separated  from  the  accompanying  chloride  of 
ammonium;  but^  supposing  it  to  be  formed,  the  production  of  thiophosphodiamic  acid 
from  it  by  means  oi  water  may  be  supposed  to  take  place  as  shown  by  the  equation : 

PS(NH«)«a  +  H'O     -     HCl  +  P(NH«)«HSO 

(Gladstone  and  Holmes,  Chem.  Soc  J.  xviii.  7);  see  Thiofhosphamio  acids. — 
Schiff  (Jahresb.  1867  p.  99)  supposes  that  sulphochloride  of  phosphorus  is  converted 
by  diY  ammonia-gas  into  sal-ammoniac  and  sulphophosphotriamiae,  according  to  the 

equation :  ^  -pqx*' 

PSCa»     +     4NH»       «       NH<a  +    2Ha  +       h/     N»: 
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and  by  aniline  in  like  manner  into  hydrochlorate  of  aniline  and  snlphophosphotri- 
phenyltriamide ;  but  these  results  have  not  been  established  bj  analysis. 

With  acetate  of  potatsium  the  chlorosulphide  appears  to  yield  sulphide  of  acetyL 
(Baudrimont.) 

VB08PB0B>V8«  TBli&iinUBB  OF.  When  pulverised  tellarium  is  heated  with 
phosphorus,  part  of  the  latter  burns  away,  while  another  portion  melts  with  the  tellurium 
to  a  black  amorphous  mass,  which  gives  off  fumes  of  phosphorous  anhydride  in  the  air 
even  when  the  tellurium  is  in  large  excess.     (Oppenheim,  Jahresb.  1857,  p.  214.) 

PB08FB0&1IB-BAS8S,  OBaAJTZC.  Paul  Th^nard  in  1846 and  1847, by 
acting  on  heated  phosphide  of  calcium  with  gaseous  chloride  of  methyl,  obtained  several 
compounds,  which  may  be  viewed  as  phosphides  of  hydrogen  having  the  hydrogen  more 
or  less  replaced  by  methyl,  viz.  1.  A  spontaneously  inflammable  fetid  liquid,  (CH')'P, 
analogous  in  composition  to  the  liquid  phosphide  of  hydrogen,  H'P,  and  to  cacodyl^ 
(CH*)'<As.— 2.  A  spontaneously  inflammable  gas,  CH*P  «  (CH')H<P,  analogous  to 
mediylamine,  and  forming  a  solid  compound  with  hydrochloric  acid. — 3.  A  mobile 
strongly  basic  liquid,  C'H'P  «  (CH")*F,  analogous  to  trimethylamine,  and  boiling  at 
40<>. — 4.  A  yellow  non-volatile  solid,  CH*P*,  analogous  to  the  solid  phosphide  of 
hydrogen,  HP",  produced,  together  with  the  liquid  compound  (3),  by  the  continued 
action  of  hydrochloric  acid  gas  on  the  first-mentioned  compound,  (CH')'P. — These 
compounds  were,  however,  but  imperfectly  studied  by  their  discoverer :  for  the  mode  of 
preparation  above  mentioned  was  danserous,  and  did  not  yield  them  in  quantity  sufiB- 
dent  for  satisfactory  investigation,  moreover,  at  the  time  of  their  discovery  there  were 
but  few  bodies  known  with  which  they  could  be  naturally  connected,  the  ammonia- 
bases  not  having  been  discoyered  till  afterwards ;  consequently  they  did  not  at  the 
time  excite  the  attention  which  they  really  deserved. 

A  few  years  later  Cahours  and  Hofmann  (Oompt.  rend.  zli.  831 ;  Ghem.  Gaz. 
1856,  p.  11),  by  a  similar  mode  of  proceeding  with  phosphide  of  sodium  and  iodide  of 
methyl,  obtained  the  compounds  (CIP)'P,  (CH»)»P  and  (CH»)*PI,  the  latter  being  a 
crystalline  compound  analogous  to  iodide  of  tetmmethylammonium ;  and  B er  1 6  (J.  pr. 
Chem.  Izvi.  78),  by  acting  upon  phosphide  of  sodium  with  iodide  of  ethyl,  obtained  tne 
compound  (CH*)?  as  a  yellow  stronely  fuming  liquid,  which  when  heated  with 
iodide  of  ethyl  yielded  the  ciTStalline  iodide  (Cr'H*)'PI.  But  this  mode  of  preparing 
the  phosphorus-bases  is  also  difficult  and  dangerous,  inflammable  and  detonating  com- 
pounds being  formed,  and  complex  products  obtained,  which  are  very  difficult  to 
separate. 

The  phosphorus-bases  containing  1  and  2  atoms  of  alcohol-i-adicle  are  but  little 
known,  as  no  method  of  obtaining  them  in  a  pure  state  has  yet  been  discovered ;  but 
those  derived  firom  phosphine,  H'P,  by  the  substitution  of  3  atoms  of  alcohol-radicle 
for  8  atoms  of  hydrogen,  may  be  obtained  pure  and  in  any  required  quantity  by  sub- 
jecting the  zinc-compounds  of  the  alcohol-nidicles  to  the  action  of  tiichloride  of  phof»- 
phorus  in  an  atmosphere  of  carbonic  anhydride.  Ziric-ethjl,  for  example,  treated  in 
this  manner  yields  chloride  of  zinc  and  triethylphosphine: 

2PC1«  +  SZn''(C*H»)»     «     SZn'Cl'  +   2(C«H*)"P. 

The  triethylphoeplune  remains  combined  with  the  chloride  of  zinc,  but  may  be  liberated 
by  distillation  with*  aqueous  potash,  which  converts  the  chloride  of  zinc  into  chloride 
and  zincate  of  potassium : 

SZn''Cl«2(C«B»)»P  +   12KH0     -     2(C«H»)T   +   SK^Zn"©'  +  6Ka  +  6H«0. 

Triethylphosphine  and  trimethylphosphine  (the  only  two  compounds  of 
this  type  hitherto  examined)  are  volatile  strongly  alkaline  liquids,  which  unite  readily 
with  acids,  forming  crystallisable  and  for  the  most  part  very  soluble  salts.  When 
treated  with  the  iodides  of  monatomic  aJteohol-radiclrs,  thfy  yield  crystalline  iodides  of 
monophosphoniums,  of  the  typeR^PI,  analc^usto  iodide  of  tetrethylammonium ; 
and  these  iodides,  when  decomposed  by  moist  oxide  of  silver  and  by  silver^salts,  yield 
the  hydrates  and  salts  of  the  corresponaing  monophosphoniums;  e.  a.  triethylphosphine 
treated  with  iodide  of  ethyl  yields  iodide  of  methyl-tricUiylphosphonnim  (CH"XC*H*)*PI, 

which  18  converted  by  moist  oxide  of  silver  into  the  hydrate,^^^'^^^*^*<g[o ;    by 

nitrate  of  silver  into  the  nitrate  of  methyl-triethylphoephonium,  (CH»XC*H»)'P.NO»,  &c 
Numerous  compounds  belonging  to  these  types  have  been  prepared  and  exaipined 

by  Hofmann  and  Cahours  (PhiL  Trans.  1857,  p.  583;  Chem.  8oc  Qu.  J.  xi.  56; 

Ann.  Ch.  Pharm.  civ.);  and  farther  by  Hofmann  (Phil.  Trans. ;  Chem.  Soc  Qn.  J. 

liii  289;  Ann.  Ch.  Pharm.  Suppl.  i  2). 

Triethylphosphine  and  trimethylphosphine  unite  with  diatomic  alcoholic  Inwnidrs, 

ekloridett  cbc.,  in  the  proportion  of  1  or  2  at.  of  the  phosphorus-base  to  1  at.  of  the 
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diatomic  ether;  thus  triethylphosphine  forms  with  brornide  of  ethylene^  the  two  com- 
^,Tx»\ip    [   <uid  /n2Tr*\«ps[*    ^lom  the  alcoholic  solution  of  the  latter  of 

these  compoimds,  the  whole  of  the  bromine  is  removable  by  nitrate  of  silver,  whereas 
from  the  K>rmer  only  half  the  bromine  can  be  thus  removed.  Hence  Hofmann  regards 
the  latter  compound  as  dibromide  of  ethylene-hezethyl-diphosphonium, 

[(C«H*)'  [^!Spl"B'*;  ^«  former  as  bromide  of  broroethyl-triethylphos- 

phonium  [(C*H*BrXC'H*)"P]Br;  f.  e,  as  bromide  of  tetrethyljphosphonium  in  which 
1  at  hydrogen  is  replaced  by  bromine.  (See  Ammomium-basbs,  1. 197 ;  also  Ethtlbkb- 
BASES,  ii.  693.) 

The  last-mentioned  compound  is  susceptible  of  several  remarkable  transformations. 
— a.  It  is  resolved  hjheat  into  hydrobromic  acid  and  bromide  of  vinyl^triethyl- 
phosphonium,  r(CTI"XC«H»}«P]Br. 

fi.  When  treated  in  dilute  solution  with  hydrate  of  silver^  it  gives  up  all  its  bromine 

and  is  converted  into  the  compound  ^     ^C^K^'^'Pi'  ^'  hydrate  of  oxethyl-tri- 

ethylphosphonium,^  '^  HC^'  ^^  change  consisting  in  the  replacement 

of  the  bromine  by  an  equivalent  quantity  of  peroxide  of  hydrogen. 

7.  By  boiling  for  some  time  with  acetate  of  silver^  it  is  conve-rted  into  acetate  of 
vinyl-triethylphosphonium : 

[(C«H*BrXC*H»)»P]Br  +  2AgC*H"0»  -  [(C»H»)(C»H»)«P]C«H«0«  +  C«H<0«  +  2AgBr. 

8.  Itunites: — a.  With  1  at  triethyl'  or  trimethyl-phosphine,  forming  dibromide  of 
ethylene-hexethyl-diphosphonium,  [(C''H*nC='H*/I«]"Br',  and  ethylene- 
triethyl-trimethyl-diphosphonium.  [(CTI«)'V(?TI*)«(CH»)»P«] 'Br». 

b.  With  I  at  ammonia^  etnylaminef  methylaTnine,  dietnylaminef  &c.,  forming  the  di  bro  - 
mides  of  ethylene-triethyl-phosphammonium,  r(C*H<)''(C'H*)«H»PN]Br* ; 
ethylene- tetrethyl-pho8phammonium[(C-H<)''(C«H*)*H2PNfBr»;  ethylene, 
triethyl-methyl-phosphammonium,  [(C«H^)''(C»H»)«(CH«)H*PN]Br*;  ethy- 
lene-pentethyl-phosphammonium,  [(C*H*)''(C'H*)'HPNrBr*,  &c. 

c.  With  triethylarsine^  (C^H*)'As,  yielding  dibromide  of  ethylene-hexethyl- 
ph o 8 phar so ni um,  [(;C«H*nC«H»)*PAs]''Br*. 

Tiimethylphosphine  is  acted  upon  in  a  similar  manner  by  dibromide  of  ethylene^ 

yielding  the  compounds  /nn^a\ap[  ^^^  (CH*YP^\*  ^^   which   similar   derivatives 

may  be  obtained. 

All  these  compounds  have  been  discovered  and  investigated  by  Hofmann  (Phil. 
Trans.  1860,  pp.  449,  497 ;  Chem.  Soc  Qu.  J.  xiv.  73,  316;  Ann.  Ch.  Pharm.  SuppL 
i.  2,  146,  177,  306). 

The  dibromides  of  methylene,  tritylene,  tetrylene,  amylene,  and  benzylene  likewise 
react  in  a  similar  manner  with  triethylphosphine,  but  the  resulting  compounds  are 
difficult  to  separate,  and  have  not  been  much  examined. 

Lastly,  a  triphosphonium-compound,  namely,  tri-iodide  of  formyl-enn- 
ethyl-phosphonium  r(CH)"'(C«H*)»P"J'"P,  is  produced  by  the  action  of  iodoform 
on  triethylphosphine.    (Hofmann,  Proc.  lloy.  Soc  z.  189;  xi.  290.) 

I.  MOKOPHO8PHI2CB8  AKD  M0VOPHO8PHO2CIITX8. 

a.  Methyl-compounds, 

Trlmetlftjlplioipblnev  (CII*)'P.— This  base  is  produced  by  the  action  of  trichloride 
of  phosphorus  on  zinc-methyl,  the  process  being  conducted  in  the  manner  to  be  hem^ 
after  described  for  the  preparation  of  triethylphosphine  (p.  609).  As  the  base  is  ex- 
tremely volatile,  the  stream  of  hydrogen  in  which  it  is  distilled  must  be  very  slow,  and 
the  receiver  must  be  kept  at  a  low  temperature. 

Trimethylphosphine  is  a  transparent,  colourless,  mobile  liquid,  heavier  than  water, 
having  a  strong  refracting  power,  and  an  indescribably  nauseous  odour,  and  boiling 
between  40®  and  42°.  It  is  insoluble  in  water.  Its  solution  in  hydrochloric  acid 
yields,  with  chloride  of  platinum,  an  orange-yellow  indistinctly  crystalline  precipitate, 
2(CH«)«HPCl.Pta*,  which  is  easily  decomposed  at  lOO^'. 

Trimethylphosphine,  like  the  corresjponding  arsinos  and  Rtibines  (i.  340,  398),  unitea 
with  2  at  of  a  monatomic  element,  01,  Br,  &c,  and  with  1  at  of  a  diatomic  element, 
O,  S.&C. 

The  oxidCf  (CH*)'PO,  is  produced; — 1.  By  the  direct  oxidation  of  trimethylphos- 
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I^liine.  TioB  snlxBtanoe  luui  a  xery  powerful  attraction  for  oxygen,  ftuning  and  some- 
times taking  fire  in  contact  with  uie  air.  On  distilling  it,  eyen  when  recently  prepared, 
the  neck  of  the  retort  becomes  oorered  in  the  last  stage  of  the  operation,  with  a  beanti- 
All  network  of  crystals  of  the  oxide;  thej  may  readi^  be  obtained  in  liurger  quantity 
by  exposing  the  base  to  a  slow  current  of  dry  air. — 2.  By  the  action  of  heat  on  the 
hydrate  of  tetssmethylphoephonium,  marsh-gas  being  giyen  off  at  the  same  time. 

(CH«)«PHO      »      (CH»)«PO     +     CH«. 

The  sdenidef  (CH')'PSe,  obtained  by  the  action  of  selenium  on  trimethylphosphine, 
ei7st4i]lises  like  the  ethyl-compound  (p.  613),  melts  at  84°.  In  contact  with  the  air  it 
blackens,  with  separation  of  selenium,  and  giyes  off  the  odour  of  mesitilene  (iii.  980). 

The  sulpkids,  (CH')*FS,  is  obtained  by  gradually  adding  flowers  of  sulphur  to  an 
ethereal  solution  of  trimethylphosphine,  or  by  <^i'«tiiling  trimethylphosphine  with  cin- 
nabar. It  IB  not  produced  by  tieatlng  the  oxide  with  sulphydric  adder  sulphide  of 
ammonium.  Crystallises  from  a  highly  concentrated  aqueous  solution  in  masses  of 
well-formed  four-sided  prisms,  which  melt  at  105°.    (Hofmann  and  Cahours.) 

TetrameUiylplioapl&oiiiainv  (CH')*P. — This  base,  like  all  others  formed  on  the 
ammonium-type,  is  not  known  in  the  free  state. 

The  iodide,  (CH*)^PI,  is  obtained  by  the  action  of  iodide  of  methyl  on  an  ethereal 
solution  of  trimethylphosphine.  It  is  a  white  crystalline  mass  which,  when  recently 
prepared,  exhibits  thfl  silvery  lustre  of  sublimed  naphthalene,  and  assumes  a  slightly 
reddish  colour  in  contact  with  the  air.  Treated  with  oxide  of  silyer,  and  water  it 
yields  a  yeiy  caustic  solution  of  hydrate  of  tetramethylphosphonium, 

The^oW-«a/<,rCH»)<PCLAuCl«— Obtained  by  mixing  the  solution  of  chloride  of 
tetramethylphosphonium  and  trichloride  of  gold,  crystallises  from  boiling  water  in 
brilliant  yellow  needles. 

FiaUnum-eall,  2(GH')^FCl.PtCl^^The  solution  of  the  oxide  mixed  with  hydiochlorie 
add  and  tetradUoride  of  platinum,  yields  a  platinum-salt,  which  is  insoluble  in  alcohol 
and  ether,  but  crystallises  from  water  in  beautiful  octahedrons*  (Hofmann  and 
Cahours.) 

fi,  EthyUeompoundi, 

Trlefhylpboapliliie.  C*H"P  «  {Qm*y^,— Formation,  1.  By  the  action  of 
trichloride  of  phosphorus  on  zinc-ethyl  ^Hofmann  and  Cahours,  p.  607). — 2.  By 
the  action  of  phosphide  of  sodium  on  iodide  of  ethyl  (Berl^  p.  607). — 3.  C^staJline 
phosphide  of  sine  heated  with  iodide  of  ethyl  in  a  sealed  tube  to  170° — 180°,  yields 
sino-iodide  of  tetrethylphosphonium,   2(Cfl*)TI.Zn'l*,  which,  when  distilled  with 

Jotash,  yields  triethylphospnine  (Cahours,  Ann.  Ch.  Phann.  exii.  228 ;  cxxii.  192 ; 
ahresb.  1859,  p.  432;  1861,  p.  657). — 4.  When  a  mixture  of  dnc^  phosphorus,  and 
dnr  ethylie  iodiae  is  heated  in  a  sealed  tube  to  150° — 160°,  there  is  produced,  tomUier 
with  zinc-ethyl,  a  mixture  of  iodozincate  oftriethylphosphonium,  2(CH*)'HPl.Zn"P, 
iodosincate  of  tetrethylphosphonium,  2(C*H*)*PI.Zn1*,  and  a  compound  of  zinc- 
iodide  with  oxide  of  triethylphosphine,  (C'H*)^PH).Zn'P.  These  compounds  are 
separated  by  their  different  degrees  of  solubility  in  water,  the  first-mentioned  being 
the  least  and  the  second  the  most  soluble.  The  first  yidds  triethylphosphine  when 
treated  with  potash  in  the  cold;  the  third  yields  it  when  heated  with  solid  potash; 
while  the  second  does  not  yidd  it  when  treated  with  potash  dther  in  the  odd  or  with 
aid  of  heat.    (Hofmann,  Chem.  Soo*  Qu.  J.  xiii  291.) 

Preparation, — A  tubulated  retort/  is  joined  to  a  receirer  s  (Jig,  738)  which  in  its 
turn  IS  connected  with  a  wide  glass  tube  d,  bent  at  an  angle  of  a&ut  130°  and  acting 
like  a  second  recdyer.  The  angle  of  this  tube  is  filled  with  trichloride  of  phosphorus, 
and  the  tube  is  connected  with  a  large  cylinder  o,  which  is  supped  by  a  suitable 
apparatus,  a,  6,  with  dry  carbonic  anhydride.  As  soon  as  the  carbonic  anhydride  has 
expelled  the  air  from  the  reserroir,  tube,  receiyer,  and  retort^  an  exit-tube  from  the 
reseryoir,  up  to  that  time  dosed  br  a  caoutchouc  cap,  is  opened  to  let  out  the  carbonic 
anhydride,  the  eyolution  of  whicn  is  maintained  during  the  whole  operation.  The 
tubulature  of  the  retort  is  now  connected  with  the  copper  digester  in  which  the  sinc- 
cthyl  has  been  prepared;  and  as  soon  as  the  retort  has  reodyed  a  charge  of  the 
ethereal  solution  of  zino-ethyl,  there  is  fixed  into  the  same  tubulature  a  droppbgr 
apparatus,  consisting  of  a  glass  globe  g^  with  a  tubulature  and  stopper  at  the  top,  and 
terminating  below  in  a  fflass  tube  in  which  a  stopcock  is  fitted.  This  apparatus  is 
filled  with  triddoride  of  j^hosphorus,  and  by  appropriately  adjusting  the  stopcock  and 
openinff  or  dosing  the  stopper  of  the  glass  gloM,  any  desired  flow  of  the  liquid  can  be 
maintamed  with  the  greatest  nicety.  Howeyer  dowly  the  trichloride  may  be  added, 
and  howeyer  wdl,  moreoyer,  the  retort  and  receiyer  may  be  cooled  by  water  or  ioe^  the 
action  is  neverthdsM  so  TioleDt^  that  all  the  ether,  and  with  it  a  large  quantity  of  the 
Vou  IV.  B  B 
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doe-othjl,  puiM  OTW  into  the  receira.  Qf  thepoverfol  ebtJUtion  iriiich  pcnodicall; 
eMaoi,  a  poitioil  of  Uw  rafoja  a  diireD  ereii  into  tbe  boot  tabs,  ud  ■  eonsiderahle 
toM  of  Dnc-ethjl  is  monmd,  tmleoa  this  tabs  ia  filled  with  tj^nhlm-iiln  of  ptioqihorDi, 

Fig.lia. 


wblok  gnedilj  abHrba  eveir  tnee  of  thn  fbnner  cotnpoimd.  This  fluid  tsIt^ 
Moauding  and  deseeiidiiu;  in  Uie  tnbe,  m  oceorduice  Tith  the  prograa  of  the  reaction, 
nenlatM  the  fOnetionof  the  appnratiu  so  per(i?ctly,  that  the  operation,  vhidi  aln^ 
tuM  Kimil  honn,  continaes  b;  itHelf  when  ddcb  began.  Sometiiaee  the  abaoipdon  ia 
w  Tidont  that  the  triehloridp  of  phosphorus  in  the  tubs  is  nicked  back  into  the 
mwiTsr,  hot  btsd  then  no  loss  is  to  be  feared,  since  the  tnbe  ii  connected  vjth  the 
laaervoir  filled  vith  csTbaoic  anhydride.  The  first  drops  of  liicUoride  of  phosphonia 
which  fkU  iotn  the  aolntioo  of  zinc-ethyl,  hiss  like  vater  vhen  coming  in  conta^  irith 
led-hot  iron.  The  action  becomes  b;  und  by  less  Tiolant,  and  as  soon  as  an  evolnfioa 
of  heat  is  do  longer  perceptible,  the  operation  is  tenninated.  There  remain  in  the 
ntort,  in  the  receiver,  in  the  bent  tube,  and  BometJmes  even  in  the  carbonic  add 
liquid  layers, — the  one  a  heavy,  pale  gtraw-ooloDied,  thick  liquid,  the 
— '   -  -'ourless,  mobile  liquid  flostiiig  on  the  former. 

i  mixture  of  ether  and  trichloride  of  phosphorns ;  thfi  lower, 
iriiichUBiuUy  BolidifleB  on  cooling,  is  a  compound  of  triethylphosphiue  with  chloride  of 
due,  and  &om  thin,  after  the  uppsr  layer  has  been  decanted,  the  phoephonu-base  may 
be  separated  by  diatiUstioD  with  potash.  For  this  purpose  it  is  mixed  with  water,  tha 
■Moit  is  filled  with  hydrogen,  sua  strong  potash-ley  is  allowed  to  fiow  slowly  into  it. 
On  diitiUing  the  mixture  in  a  slow  stream  of  hydrogen,  the  triethylphosphine  passes 
irilh  the  aqueous  Taponr,  and  floats  on  the  condeiued  water  in  the  receiver.  It  ia 
separated  W  a  tap-funnel,  drtad  over  sticks  of  potash,  and  rectified  in  a  stream  of  dry 
hydrogen.  (HotmauQ  andCahours,  p.  607;  Hofmann,  Chem.Soc  Qu.  J.  xiii.  390.) 

PropertKi. — Triethylphosphine  ia  a  tnuupanuit,  colourless,  mobile,  stioogly  refract- 
ing liquid.  Specific  gravity,  0'S12  at  1S°.  Boils  at  12T'S°niidera  barometric  pressuto 
of  0714  mm.  Its  odour  is  penetrating,  almost  benumbing,  but  still  not  disagreeable, 
and  in  a  diluted  state,  resembles  that  of  the  hyacinth.  Long-continued  working  with 
this  sabntance  prodacos  heud-acha  and  aleeplessnees.  When  recently  preparFd,  it  ia 
withont  action  on  vegetable  coloure.  bat  if  exposed  to  the  air  fbr  a  few  seconds,  it 
shows  ■  constantly  iQcreasing  acid  reaction. 

Beactioni.—l.  Triethylphosphine  is  qait«  inioluMe  in  voter,  bnt  dissolve  in  all 
proportions  in   alcohol  and   rthrr. — 2.  It  unitea  slowly  with  acidi,  forming  mostly 

SatalHsable,  but  extremely  soluble  and  deliquescent  a^ts,  which  may  be  regarded  M 
a  of  triethylphoBijhonium ;  e.g.  ((7H')'P.HC1  =  {C"H')_"HP.CI. 

3.  Triethylphosphine  rapidly  absorbs  oxygen  &om  the  air,  and  is  converted  into  the 
Ktiif,  (CH*)'PO.  In  pure  oxjrgen  gas  it  often  takes  fire  and  decomposes,  emittius 
dense  white  ftmies  of  phosphoric  anhydride.  A  mixtnie  of  oxygen  gas  and  vapour  ra 
trietln^j^ospbine  explodes  with  violence  when  heated. 

4,  With  iuiplmr  and  nrimiun,  trietl^lphosphine  unitea  directly,  forming  the  eija^ 
talline  componnds,  (CH*)'FS  and  (CH'l'FSe  ;  also  with  tulphitU  of  carbon,  fbmung 

'  beautiftil  r^  crystals  of  the  compound  2((?H>)'F.C3'.  The  formation  of  tt^  compoonS 
takes  place  so  reedUy  that  triethvlphosphino  and  sulphide  of  carbon  act  as  extremely 
delinate  tests  one  fbr  the  other.  Thus,  if  a  liquid  containing  &ea  triethylphosphine  (of 
trimethylphoBphine)  be  ponred  into  a  watch-g^ass,  and  the  vapour  of  the  carbonic  sul' 
phide  allowed  to  flow  upon  it  fhira  an  inclined  bottle,  the  vratch-glasa  soon  becomes 
covered  with  a  beauUtnl  networit  of  the  red  crystals.  If  the  phosphoitis-baae  is 
pr««entin  the  fbnn  of  «  Mit,  it  most  first  be  libnated  byaddii^  a  drop  of  potash. 
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Gonyenelj,  triethyl^Iioflplime  may  be  very  advantageonsly  used  for  debeeting  small 
quantities  of  carbome  sruphide^  aa  in  the  most  yolatUe  factions  of  ooal-taf  naphtha^ 
and  in  coal-gas  (i.  777). 

6.  When  triethylphoephine  is  ponied  into  a  flask  oontaininff  chlorine,  every  drop 
takes  fire,  with  formation  of  hydrochloric  add  and  phosphoric  chloride,  and  separation 
of  chaiooal.  If  however  the  action  be  moderated,  crystalline  oomponnds  are  formed. 
It  also  nnites  dizectlY  with  iodine  and  bromine,  the  combination  being  attended  with 
great  eyolntion  of  heat  and  sometimes  with  inflammation. — 6.  In  cyanogen  gae  it 
solidifies  to  a  brown  resin. 

7.  Dibrondde  of  ethylene  and  its  isomer,  bromide  of  brontethyl,  unite  with 
1  at  triethylpbosphine,  forming  bromide  of  bromethyl-ttiethylphosphoninm, 
[(OH^BrXCH^rPpr,  and  with  2  at  triethylphosphine  forming  dibromide  of  ethylene- 
hexethyldiphosphoninm,  [(C«H*J''(C«H»)«P»]"Bi*.— 8.  Diohhride  of  ethylene  vi&  mono^ 
chlorinated  chloride  of  ethyl  act  in  a  similar  manner. — 9.  Didodide  qf  Stkylene  howeror 
acts  in  a  different  manner.  When  brought  into  contact  with  dry  triewylphosphine, 
it  forms,  generally  with  explosion,  ethylene  gas  and  iodide  of  triethylphosphine,  and 
with  alcoholic  triethylphosphine  it  forms  a  crystalline  mass  generally  consisting 
of  hydriodate  of  triethylphosphine. 

10.  When  triethylphosphine  is  heated  with  ethyUo  chloracetate,  0^EP(CH*)01O*, 
mixed  with  an  equal  volume  of  common  ether  to  moderate  the  action,  a  sticky  mass  is 
formed,  which  on  addition  of  platinic  chloride,  forms  the  crystallisable  chloroplatinate 

of  triethyl-oxethacetylphosphonium,  rnmQtr/iQYQ  [  N,  analogous  to  the  ammonium- 
base  produced  in  like  manner  from  chloracetic  ether  and  triethylamine  (iL  563). 
(Hofmann,  Proc.  Boy.  Soc.  xi.  525.) 
Triethylphosphine  unites  with  eulphoeyanate  of  aUyl  (volatile  oil  of  mustard), 

forming  allyl-triethyl-sulphocarbophosphamide,  G'H*  y-n;    and  with  eulphoeyanate 

(C«H»)M^ 
of  phenyl,  formine  the  analogous  phenyl-compound.     The  etdphocyanatee  of  methyl, 
ethyl,  amyl  and  ethylene^  on  the  contrary,  do  not  unite  directly  with  triethylphosphine^ 
but  und^go  decomposition,  yielding  sulphide  of  triethylphosphine  and  a  cyanide  of 
a  phoephonium.     With  etdphoeyanate  of  ethyl,  for  example,  the  reaction  is, 

((?H»)CNS  +  2(C«H»)»P     -     (C«H*)«PS  +   [(C»H»)*P]CN ; 

and  with  etdphoeyanate  of  ethylene: 

(C*R*yC*N^  +  4((?H»)^     -     2(C«H»)»PS  +  [(C*H*)'(C«H»)«PTC«N«. 

11.  The  alcoholic  eyanatee,  on  the  other  hand — ^the  cyanates  of  ethyl  and  phenyl  for 
example — ^neither  combine  with  triethylphosphine,  nor  aro  decomposed  by  it^  but 
merely  undergo  a  molecular  transformation,  beinsp  conyerted  by  contact  with  it  into 
crystalline  ^anurates.  Cyanic  add  vapour  psssed  through  triethylphosphine  yields  a 
white  deposit  of  cyanuric  acid. 

12.  Triethylphosphine  and  meret^iftan  mixed  together  in  an  atmosphere  of  carbonic 
anhydride,  do  not  act  on  one  another  even  at  100^ ;  but  if  air  has  access  to  the 
mixture,  crystals  of  sulphide  of  triethylphosphine  aro  gradually  formed,  the  result 
being  due  to  the  oxidation  of  the  triethylphosphine  at  the  e^roense  of  atmospheric 
oxygen,  and  the  subsequent  oonyersion  of  the  oadde  into  sulphide^  according  to  the 
equation: 

(C*H»)«PO  +  Cra«8    -    C*RH>  +  (0«H»)«PS. 

It  is  only,  however,  at  the  instant  of  formation  of  the  oxide  that  this  reaction  takes 
place ;  for  ready  formed  oxide  of  triethylphosphine  and  mereaptan  brought  together 
under  the  most  varying  conditions  of  pressuro  and  temperaturo  do  not  yidd  a  trace  of 
sulphide  of  triethylphosphine. 

13.  Sulphide  of  nitrogen  (p.  109)  is  decomposed  by  triethylphosphine,  gas  being 
evolved,  and  a  yellowish  liquid  formed,  which  on  cooling  solidifies  to  a  fibrous  mass 
of  crystals  of  sulphide  of  triethylphosphine. 

Compounde  of  Triethylphoephine, 

Chlobidv,  Bboiodi,  AMI)  loDiDi  OF  TBOTHTiPHOSFHiifB.— Oxidc  of  triethylphosphino 
whrA  treated  with  hydrochloric,  hydrobromic  and  hydriodic  adds,  is  converted  into  the 
oonesponding  chlonde,  bromide,  and  iodide,  (C'H*)'PC1',  &e.,  which  closely  resemble 
the  oxide  in  their  general  properties.  Thejr  aro  liquids  which  gradually  solidify  in  the 
exsiccator ;  the  crystals  fose  at  100^  and  besin  to  volatilise,  althougn  their  boilina 
point  is  very  high.  The  compounds  of  triethylphosphine  with  chlorine,  bromine,  and 
Ldine  may  also  be  obtained  by  the  action  of  these  elements  in  aqueous  or  alcoholic 

BB  2 
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folntions  irooii  the  phosphonu-lMUie  itself.  Both  methoda^  however,  famish  prodncti 
whidb  are  aiflBcult  to  punfy. 

IViethylphoephine  forms  erystalUne  oompounds  with  hydroehlorie,  kydrohromiet 
J^driodie,  sulphuric  and  niirie  adde  ;  but  they  can  be  obtained  in  the  dry  state  only 
by  means  of  tbe  exsiccator. 

aUoroplatinate,  2[;(C*H*)*P.Ha].R*^a«.— Tbe  solution  of  the  base  in  hydroehlorie 
acid  forms  with  platinic  chloride  a  crystalline  doable  salt,  which  is  sparingly  soluble 
in  cold  water,  insoluble  in  alcohol  and  ether. 

lodogineate,  2[(C*H*)*P.HI.].Zn'l*.— The  product  formed  by  heating  dry  iodide  of 
ethyl  with  zinc  and  phosphorus  to  150^ — 160^  for  seTeral  boors  (p.  609),  forms  with 
warm  water  a  solution  which  when  left  to  eTaporate  deposits  an  oil  imi^  aystailises  on 
eoolinff  (p.  609);  and  bpr  repeatedly  crystailisin^  this  product  from  hot  water  and 
alcohol,  tne  iodosincate  is  obtained  in  large  white  crystals  wbich  give  off  tiieth^> 
phosphine  when  treated  with  potash  even  in  the  cold  (Hof  mann).  When  ciystaUised 
phosphide  of  one  is  heated  for  some  time  with  iodide  of  ethyl  to  170° — 180°,  and  the 
product  is  exhausted  with  alcohol,  an  alcoholic  solution  is  obtained,  which,  when  left  to 
eraporate  very  slowly,  deposits,  together  with  iodide  of  tetrethylphosphonium,  beautiful 
iabfets  of  the  iodozincate  of  triethylphosphine.    (C  a  h  o  u  r  s. ) 

OxiDB  OF  Tbiethtlphosphinb,  (C*H»)»P0. — ^This  compound  is  produced :  1.  By  the 
direct  combination  of  triethylphosphine  with  free  oxygen.  The  base  has,  indeed,  so 
strong  an  affinity  for  oxygen  that  it  cannot  be  distill^  without  oxidation  except  in 
an  atmosphere  of  hydrogen.  In  the  preparation  of  triethylphoephine  by  the  pzocees 
above  described  (p.  609^,  a  quantity  of  the  oxide  always  accumulates  in  the  indues 
left  after  distilling  the  zinc-chloride  comjpound  with  potash ;  and  these  residues  may  be 
advantageously  usedfor  preparing  the  oxide.  On  subjecting  them  to  distillation,  part  of 
the  oxide  distils  over  with  the  aqueous  vapour,  while  the  rest  passes  over  only  in  the 
subsequent  dry  distillation  of  the  saline  residue.  The  distillate,  which  is  an  aqueous 
solution  of  the  oxide,  is  concentrated  as  much  as  possible  over  the  water-bath,  with  or 
without  addition  of  hydrochloric  acid,  and  the  oxide  of  triethvlphosphlDe  is  separated 
as  a  supernatant  oily  layer  by  the  addition  of  solid  potash.  It  is  dried  by  leaving  it 
Ibr  24  hours  in  contact  with  sticks  of  potash,  and  then  redistilled,  the  first  portions 
which  axe  watery,  being  rejected,  and  the  receiver  changed  as  soon  as  the  (Ustillate 
begins  to  solidify. 

2.  By  gently  heating  triethylphosphine  with  oxide  of  mercury  or  oxide  of  silver. 
Oonsiderable  evolution  of  heat  then  takes  place,  the  metal  is  reduced,  and  oxide  of 
triethylphosphine  separates  in  oily  drops  or  sometimes  sublimes  in  radiated  ciystals. 
It  also  separates  in  oily  drops  when  tnethylphosphine  is  boiled  with  strong  nitric  add, 
and  potash  is  added  to  the  highly  concentrated  liouid. 

3.  By  the  action  of  heat  on  hydrate  of  tetrethylphosphoniam : 

(c«H»)*p.H.o  -  (c*H»)«po  +  cm: 

On  luljecting  this  compound  to  distillation,  water  passes  over  first,  then^  hydride  of 
ethyl  ii  given  off  with  strong  intumescence,  and  at  about  200®,  oxide  of  triediyl- 
phoq>hine  distils  over  as  a  viscid  liquid,  solidifying  in  the  neck  of  the  reUat  towards 
the  end  of  the  operation.    (Hof  mann  and  Cahours.) 

4.  By  decomposing  the  chlorozincate  of  tetiethylphosphonium,  2(C*H*)<PCLZn''Cl» 
with  solid  potash  and  a  small  quantity  of  water.  An  oil  smelling  of  triethylphosphine 
(probably  hydrate  of  tetrethylphosphonium)  then  collects  on  the  surface  of  the  stionir 
potash-ley,  and  when  subjected  to  distilUtion  yields  the  oxide  (Pebal,  Ann  c£ 
Pharm.  cxx.  194).— 6.  By  the  action  of  heat  on  hydrate  of  oxethyl-triethyKphosphoniom. 
(Hofmann.) 

(C«HK))(C«H»)»P.H.O    -    (C«H»)»PO  +  C«H«  +  H«0. 

Oxide  of  triethylphosphine  crystallises  in  white  slender  needles  often  several  inches 
lonfe  permanent  in  dry  air,  but  deliquescing  xapidlv  in  moist  air.     It  melts  at  44° 
.and  solidifies  at  the  same  temperature  (Hof mann):  melts  at  62-9^  and  aolidifipa  uL 

(2  vols.)  «  4*669.  It  dissolves  in  all  proportions  in  water  and  in  alcohol,  but  is  less 
soluble  in  ether;  on  evaporating  the  aqueous  or  alcoholic  solutions,  the  oxide  separates 
at  first  in  the  liquid  form,  and  does  not  solidify  till  every  trace  of  the  solvent  hasbeen 
expelled;  it  is  also  precipitated  as  a  liquid  from  the  alcoholic  solution  by  ether  and 
from  the  aqueous  solution  by  potash.  It  diasolves  readily  in  acids,  and  is  converted 
by  hydriodia  or  Jwdrobromio  acid  into  the  iodide  of  triethylphosphine.  rC«HM»PI»  n* 
the  bromide.  (C«H»)»PBr«.  ^  ^     ^   ^  \^a.)rL,ot 

Oxide  of  triethylphosphine  forms  crystaliine  oomponnds  with  certain  metaUie 
salts.  w*— *w 

0.  With.  Cu^  9ulf  hate,  3(C«H»)T0.Cu''S0*.-When  wystalliaed  cupric  sulphate  is 
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added  to  heated  oonde  of  triethylphosphine^  part  diflBdtres  with  deep  green  ooloiir  wliilo 
k  another  portion  is  eraarated  as  a  bane  salt    The  green  aolntion  turns  Uae  on  addition 

i  of  a  little  water,  and  when  OTaporated  in  yaeno  over  oil  of  vitriol,  deposits  the  com* 

pound  in  sreen  fournnded  prisms  which  deliquesce  in  damp  air,  yielding  needles  of 
I  oxide  of  tnethylphosphine.    The  aqueons  solution  yields  crystals  of  pure  cupzie  sulphate. 

(PebaL) 
$.  With  TrieUoride  of  Ooid.^TbiM  salt  added  to  a  concentrated  solution  of  the 
i  oxide  throws  down  a  deep  yellow  oil  which  crystallises  with  difficulty,  and  is  solulile  in 

water  and  in  alcohoL    (H  o f  m  a  n  n.) 
7.  With  Stannoiu  eMoride.-^OHy  compound  which  does  not  aystallise. 
9.  Wiih  Iodide  of  Zinc,  2(G^«)'P0.Zn1*.^Separate6  on  mixing  the  two  solutions 
]  as  a  crystalline  precipitate,  or  as  an  oil  which  gradually  solidifies  in  the  oystalline 

I  form ;  purified  by  reciystallisation  from  alcohol.    It  forms  monodinic  crystals  exhibit- 

ing the  combination  ooPoo  .  [gdPqo]  .  oP  .  ooP  .  [Poo]  .  —P.*  Batio  of  axes  a : 
b:o^  0*9052  :  1 :  1*3312.  Angle  of  inclined  axes  »  83^  18';  ooP  :  ooP  (orthod.) 
-  96«  18';  ooPoo  :  ooP  .  182^  21';  ooPoo  :  oP  -  96<>  47';  oP :  ooP  -  94<»  84'a 
oP :  [Poo  ]  -  124<>  24';  ooP :  -P  «  154'^  8'.  Twins  occur  with  oP  as  combination- 
face.  Lustre  fat^  on  the  &oes,  yitreous  on  the  fracture.  CleaTage  distinct  parallel 
^  to  oP  and  qdP.    The  oystals  melt  at  99^. 

OxTCBLOBiDB  ov  TBOTBTLFHOSFKim,  (G^*)<P'C1*0.— When  dry  hydroehlorie  aeid 
gas  is  passed  over  fiised  oxide  of  triethylphosphine^  shininff  cxystals  ot  the  oxr- 
chloride  are  formed  which  redissolye  in  excess  of  the  hydro^orio  add.  If  heat  be 
then  applied  to  driye  o£f  the  excess  of  add,  there  remains  a  yezy  deliquescent  oystalline 
mass,  suuble  in  alcohol,  insoluble  in  ether.  The  solution  treated  with  platinie  ohlorida 
forms  a  compound  of  that  salt  with  oxide  and  chloride  of  triethylphosphine^  and  when 
treated  widi  iodide  of  zinc,  it  generally  yields  a  compound  of  dnc-iodide  with  the  ooddiO 
of  tnethylphosphine,  and  only  seldom  with  the  oinrchloride. 

The  jUatinum-eomwfund,  8(G*H«)*P0.(G^*)^Cl*.Ptt*Cl«,  sepsiates  also  imme* 
diately  m  the  crystalline  form  when  dzr  oxide  of  tnethylphosphine  is  mixed  with  a 
saturated  alcohohc  solution  of  platinie  chloride.  By  recrystaUisation  from  alcohol,  it  is 
obtained  in  large  orange-red,  six-sided  monodinic  prisms,  exhibiting  the  fooes  ooPoo » 
oP,  ooP,  -4- Poo,  +iP.  Batio  of  axes  a:b:  e  »  0^6808 :  1 :  1*5776.  Angle  of 
inclined  axes  -  73^  42';  ooP  :  ooP  (orthod.)  ^1129  22';  oP  :  odPoo  -  106^  18'; 
oP :  ooP  -  98*>  52';  oP  :  +  Poo  -  110®  12' ;  ooP :  +P  -  160°  8'.  Cleavage  dis- 
tinct parallel  to  +  Poo  and  o»P  rPhiL  Trans.  1860,  p.  419). 

The  gino-eompoundf  (CH*)'PK)l*0.Zn1*,  forms  transparent  colourless  octahedrons, 
soluble  in  water  and  in  slcohoL 

SsLBNiDB  OF  Tbisthtij>rosfhirb,  {CH^yPQe, — ^Breparpd,  lika  the  sulphide,  by  the 
direct  combination  of  tnethylphosphine  with  selenium ;  the  reaction,  however,  is  less 
powerful  than  with  sulphur.— ^Crystallises  from  water  as  easily  as  the  sulphide,  but  the 
solution  IB  apt  to  undergo  partial  decomposition  when  exposed  to  the  air.  Eren  the 
dry  crystals  are  slowly  reddened  in  the  air.  Hdts  at  112^,  and  is  easily  yoktilised 
with  partial  decomposition.    (Gahours  and  Hofmann.) 

SuLPHiDB  or  TniBTKTLFHOsPHiini,  (C^H^^PS. — This  compound  is  produced :  1.  By 
the  direct  combination  of  triethylphosphine  with  sul]^hur.  Flowers  of  sulphur  are 
gradually  introduced  into  an  ethereal  solution  of  tnethylphosphine  till  a  portion 
remains  undissolTed,  the  liquid  efferresdng  on  each  admtion.  The  ether  is  then 
Tolatilised,  and  the  residuary  mixture  of  the  sulphide  and  f^  sulphur  treated  with 
boiting  water,  which  dissoWes  the  sulphide  and  on  cooling  deposits  it  in  perfectly  vuvs 
crystaui. — 2.  By  distilling  triethylphosphine  with  cinnabur,  which  is  then  reduced  to 
mercurous  sulphide  or  to  metaUio  mercury. — 3.  By  the  action  of  triethj^rlphoephina  on 
sulphide  of  nitrogen  (p.  611). — 4.  By  the  decomposition  of  carbosulphide  ot  triethyl- 
phosphine with  water  or  silTer-oxide.— 4^.  By  the  action  of  mereaptan  on  triethylphos- 
phine in  presence  of  air  (p^  611). 

Bt  slowly  cooling  the  aqueous  solution,  the  compound  is  obtained  in  beantiM  white 
needle-shaped  crystals  oftien  five  or  six  inches  long.  These  crystals  are  six-sided 
misms  with  pyramidal  summits  (system  hex8j|;onal),  exhibiting  the  combination  ooP , 
P,  rarely  witli  odP2.  Length  of  prindpal  axis  —  0*8211.  Ang^e  P  :  P  in  the  termi- 
nal edges  »  143<>  16';  in  the  lateral  edses  -  78^  9';  P :  ooP  «.  129^  4'.  They  are 
'  optically  pontive,  the  index  of  refraction  being  1*65  for  the  extraordinary,  and  1*59  for 
the  or^uiary  ray  (Phil.  Trans.  1860,  p.  423^.  The  compound  melts  at  94^,  and  resdi- 
difles  at«68^    When  heated  beyond  100^,  it  is  volatilised  and  difihses  a  white  vapour 

•  The cnrBtalUn« fonni  and  optical  propertlai of  thii and  the otbar  cowpwmdi of  tlMplKwphorat4MMf, 
at  datennlnadby  QulntinoSella,  are  tally  daacritod  In  Hoflnann'a  Manoir  (Phil.  Trana.  lSeo,p.40B); 
alio  In  SelU'f  tlamolr,  **  SmOe  >^aM  chtUMine  H  alctmi  uUi  4erHaU  daW  ammomaca,**  Torino,  IMl 
(from  the  **  Memorie  della  Raalo  AocadanU  dalle  Sdaose  dl  Torino  *'  £8]  xx.).  flat  alao  Jabmb.  1800^ 
p.  meiaeq,i  1861,  p,4ffl  et$eq. 
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haviiig  a  disagreeable  sulphnr  odour,  which  is  but  slightly  perceptible  at  oommon  tem- 
peratures. When  heated  with  a  quantity  of  water  not  sufficient  for  its  solation,  it 
rises  to  the  surface  in  the  form  of  a  transparent  oil  which  is  oopiovsly  TolatiliMd  with 
the  aqueous  vapour. 

Sulphide  of  triethylphoephine  is  instantaneously  decomposed  by  potassium  or  sodiwn 
with  separation  of  triethylphosphine. 

It  is  much  more  soluble  in  hot  than  in  cold  toaterf  only  a  small  quantity  remaining 
dissolved  at  ordinary  temperatures.  It  is  still  less  soluble  in  iUkaline  liquids.  On 
adding  an  alkali  to  the  oold  aqueous  solution,  the  mixture  becomes  turbid  and  soon 
deposits  small  crystals.  On  adding  potash  to  the  boiling  saturated  aqueous  solution, 
the  sulphide  instantly  separates  in  oily  drops,  which,  as  the  liquid  cools,  rapidly  solidify 
into  spnerical  aggregates  of  crystals.  It  dissolTes  even  more  readily  in  alcokol  and 
ether,  and  in  distdphide  of  carbon  almost  without  limit ;  from  this  solvent  it  does  not 
crystallise  perfectly. 

The  aqueous  solution  is  without  action  on  vegetable  colours ;  the  compound  neveir- 
theless  appears  to  possess  weak  basic  properties.  It  dissolves  more  readily  in  kjfdro* 
chloric  acid,  especially  when  concentrated,  than  in  water,  and  the  solution  furnishes 
with  tetrachloride  of  platinum  a  yellow  precipitate,  which  however  rapidly  cakes  into  a 
resinous  mass,  giving  indications  of  decomposition  bv  the  separation  of  platinic  sulphide. 
The  sulphide  also  dissolves  in  dilute  sulphuric  and  nitric  acids;  concentrated  nitric 
acid  decomposes  it ;  the  fuming  acid  gives  rise  to  a  sort  of  detonation.  The  aqueous 
solution  is  not  affected  by  acetate  of  lead,  nitrate  of  silver,  or  mercurio  oxide,  even  at 
the  boiling  temperature ;  the  aloohoUc  solution,  on  the  other  hand,  is  instantaneously 
decomposed,  with  separation  of  the  sulphide  of  lead,  silver,  or  mercunr. 

Cabbosx7ij>hidb  op  TniBTHTLPHOBPHiiTB,  (CH»/P.CS*  «  /C^'VC  S*  Triethyl- 
phosphine and  disulphide  of  carbon  combine  tooether  with  violence,  fonning  a  red 
crystalline  mass.  On  mixing  the  two  substances  in  alcoholic  or  etheroal  solution,  the 
compound  immediately  separates  in  red  crystalline  lamina  which  may  be  purified  by 
recrystaUisation  from  ^Iconol,  and  dried  over  oil  of  vitriol  It  forms  dark  red  mo- 
noclinic  prisms,  in  which  the  axes  aibio  »  1'6970  : 1 :  0*9205.  Anele  6  :  c  — 
66^49'.  Observed  faces  <»Poo,  [a>Pool.oP,  ooP,  +Poo.  Angle  ooP :  ooP  (orthod.) 
«  6b^  19';  oP :  ooPoo  «  123<^  11';  oP :  ooP  -  119°  0';  oP :  +  Poo  »  1220  47'. 
Cleavage  distinct  parallel  to  [  ooPcd']  and  ooPoo  (PhiL  Trans.  1860,  p.  428).  It 
melts  at  90°  and  votatiUses  at  100^.  Heated  with  water  in  a  sealed  tube  to  100<^  for 
several  days,  it  is  decomposed,  with  formation  of  sulphide  and  oxide  of  triethylphos- 
phine, hydiate  of  methyl-triethylphosphonium,  and  carbonic  disulphide,  tiie  hitter 
being  further  partly  converted  by  the  water  into  carbonic  dioxide  and  sulphydric 
acid: 

4[(C«H»)«P.CST  +  2H«0  «  2(C*H»)«PS  +  (C*H»)«PO  +  (CH»)(C«H»)»PHO  +  3CS«. 

The  alcoholic  solution  boiled  with  oxide  or  nitrate  of  stiver  yields  sulphide  of  tri- 
ethylphoephine together  with  metaUio  silver,  sulphide  of  silver,  and  carbonic  dicxxido: 

(C*H»)*P.CS»  +  2Ag*0  -  (C«H»)»PS  +  Ag*S  +  Ag»  +  C0«. 

Carbosulphide  of  triethylphosphine  dissolves  in  strong  hydrochloric  add,  but  is 
precipitated  by  potash  or  ammonia  without  alteration.  The  acid  solution  forms  with 
trichloride  of  qold  and  with  tetrachloride  of  platinum,  yellow  amorphous  double  salta, 
which  are  insoluble  in  alcohol  and  ether,  change  colour  and  give  off  hydiochloric  acid 
during  drying.    The  plaHntmrsalt  «  2[(C«H»)"P.CS«]  H«a«J>t»'Cl«.    (Hofmann.) 

SOLFHOCTANJLTB  OF  TbIBTETLFHOSPHOMIUX,  (C»H»)'HP.CNS    «    (C«H*)»>S*      PlO- 

H   3^ 

duoed  by  dissolving  triethylphoephine  in  sulphocyanic  acid.  When  heated,  it  partly 
volatilises  undecomposed,  but  the  greater  part  suffers  decomposition,  giving  off  sulphide 
and  carbo-sulphide  of  triethylphoBphine,  together  with  free  carbonic  disulphide  and 
leaving  a  brown  ill-defined  substance  which  gives  off  ammonia  when  tzeabed  with  an 
alkali.  (Hofmann.) 

TetretbjrlpliMphoiiiiiiii,  (C*H*)«P.— Known  only  in  combination.  The  hydrate, 
^  1 0,  is  obtained  by  the  action  of  ailver^oxide  on  the  iodide.  A  strongly  alka- 
line, nearly  inodorous  bitter  liquid  is  thereby  formed,  which  retains  a  little  silver  in 
solution,  and  dries  up  over  oil  of  vitriol  to  a  crystalline,  extremely  deliquescent  mass, 
the  silver  separating  at  the  same  time  as  a  black  powder,  or  as  a  brilliant  metallic 
minor.  This  mass  when  redissolved  in  water  yields  a  colourless  liquid  free  from  silver, 
but  generally  containing  carbonic  acid.  The  solid  hydrate  absorbs  water  and  carbonio 
acid  with  avidity. 
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In  its  deportment  with  other  8nbstance6»  hydrate  of  tetrethylphorohonium  resembles 
hydrate  of  tetiethylammonium  (iL  661),  its  solution  reacting  with  metallic  salts,— i 
like  a  solution  of  canstic  potash;  but  some  of  the  precipitates,  e,  g,  alomina  and  zinc- 
oxide^  dissolve  less  readily  in  excess  of  the  phosphorus-base. 

The  hydrate  is  resolyea  by  heat  into  hydride  of  ethyl  and  oxide  of  triethylphosphine 
(p.  612).  If  however  it  has  been  exposed  for  some  time  to  the  air  and  has  absorbed 
carbonic  acid,  a  different  decomposition  takes  place,  the  carbonate  of  tetrethylphospho- 
nium  being  resolved  into  triethylphosphine  and  carbonate  of  ethyl,  which  passes  over 
in  the  form  of  an  inflammable  aromatic  liquid,  without  any  evolution  of  permanent 
gas: 

[(C«H»)*PPC0«      -      2(C*H»)»P     +     (C«H»)KX)». 

Salts  of  Tetrethyli>hosphonium. — ^The  hydrate  dissolves  in  hvdrochlarie^  nitric 
and  sulphuric  acids,  forming  crystallisable  deliquescent  salts,  soluble  in  alcohol  but  for 
the  most  part  insoluble  in  ether.  The  hydroeniartUe  forms  sparingly  soluble  precipi- 
tates  with  trichloride  of  gold  and  tetrachloride  of  platinum.  The  ffold-aidt, 
(C'H*)*P.AuCl*,  crystallises  from  boiling  water  in  shining  yellow  needles.  The 
^tinwn-salt,  2(G^*)*P.PtGl*,  is  a  pale  orange-yeUow  precipitate,  sparingly  soluble  in 
Doiling  water,  insoluble  in  alcohol  and  ether,  not  decomposing  at  100®.  When  recry- 
stallised  from  boiling  water,  it  forms  regular  octahedrons  having  their  summits  replaced 
by  feces  of  the  cube^ 

CJdorozincate,  2(C*H')«PCLZn''Cl*.--When  o^chloride  of  |>hosphorus  is  added  by 
drops  to  pure  zinc-ethyl,  a  violent  reaction  is  set  up  (explosive  if  an  ethereal  solution  of 
zinc-ethyl  is  used^,  and  a  colourless  syrup  is  formed  whidi  gradudly  solidifies  to  a 
vitreous  mass,  which  is  decomposed  by  water  into  gaseous  hy&de  of  ethyl,  insoluble 
oxychloride  of  zinc^  and  a  solution  wmch  when  evaporated  over  oil  of  vitriol  yields  the 
chlorozincate  in  colourless  transparent  dimetrio  crystalB : 

4Zn''(C«H»)«  +  2PO(31«     «     2(C*H»)<PCLZn''a«  +  2Zn''0  +  Zn'Cl'. 

The  double  salt  is  permanent  in  the  air  and  easily  soluble  in  water.  (Pebal,  Ann.  Ch. 
Pharm.  cxx.  198.) 

Iodide,  (C^*)*PL— On  mixing  trieth^^'Iphoflphine  with  iodide  of  ethyl,  a  violent 
action  ensues  after  a  few  moments^  the  liquid  effervescing  with  almost  explosive  violence, 
and  then  solidifying  in  a  white  crystalline  mass.  If  an  ethereal  solution  of  triethylphos- 
phine is  used,  the  crystals  form  more  slowly.  It  is  also  produced  by  subnutting 
hydrate  of  ethvlene-hexethyl-diphosphonium  (p.  621)  to  the  action  of  heat,  and  neu- 
tralising the  alkaline  residue  (which  contains  hydrate  of  tetrethylphosphonium)  with 
hydriomc  arid. 

Iodide  of  tetrethylphosphonium  crystallises  in  rhombohedral  combinations  (more  or 
less  complex  acoormnff  to  the  mode  of  preparation)  of  the  faces  oR,  odP2,  K,  —  ^B» 
)F2.  The  angles  of  these  several  faces  in  the  terminal  edges  are  as  follows :  B  :  B  « 
83<'26';  1P2:  JP2  -  127°  5';  IP2 :  |P2  -  1890;  -pi : -*B  -,1110  46';  B: 
oB  =  120<>  28' ;  oB  :  fP2  »  117^.  Isomorphous  with  iodide  ofsilver.  (PhiL  Trans. 
1860,  p.  533 ;  Jahresb.  1861,  ^.  478.) 

The  iodide  is  very  soluble  in  water,  less  soluble  in  alcohol,  insoluble  in  ether.  The 
aqueous  solution  crystallises  on  addition  of  potash-solution,  in  which^  this  compound, 
like  the  iodides  of  tetramethylammonium  and  tetrethylammonium  (ii  662 ;  iii.  999), 
is  but  slightly  soluble.  From  the  alcoholic  solution  it  is  deposited  on  addition  of 
ether,  as  a  crystalline  powder.  If  ether  be  added  to  a  cold  alcoholic  solution,  as  long 
as  the  precipitate  first  formed  is  dissolved  by  boiling;  well-formed  crystals  of  the  iodide 
are  deposited  on  cooling. 

lodogincate,  2(C«H»yPLZn1«.— This  salt,  which  constitutes  the  chief  product  of  the 
action  of  ethylic  iodide  on  crystallised  phosphide  of  zinc  (p.  609]^  mnna  beautiAil 
yellowish  crystals.    (C  a  hours.) 

Metbjl-trtoflijnpliosplMNiaiiBi,  (CH'XC*H")«F.— The  iodide,  (CH'}(C>H>)«FI,  is 
pcoduoed  by  direct  combination  of  meU&yUc  iodide  with  trietl^lphosphine.  The  hydraU 
is  obtained  by  treating  the  iodide  with  silver-hydrate,  or  by  heating  carbosulphide  of 
triethylphosphine  with  water  (p.  614).  The  aqueous  solution  mixed  with  hydroehlorio 
add  and  tetrachloride  of  platinum  yields  the  fUOmumrwdt,  2(CH*XC^^')^^E^^^** 

StbyUtHmetliTlplioiiplioiiliiBi,  (C^H^X^H')'?.— The  iodid^  {p^^fSSPfSU  is 
obtained  by  adding  iodide  of  ethyl  to  an  ethereal  solution  of  trimethvlphosphine^  and 
purified  by  recrystallisation  from  boiling  water.  The  hydrate,  obtained  l^  deoomposinff 
the  silver-salt  with  silver-hydrate,  yields  with  hydroehlorio  add  and  tetandiloride  of 
platinum  a  pUaintm-edU,  2((yW')(fM*y^Ci:£iCi\  oystaUinDg  in  laige  veU-defined 
octahedrons. 
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y,  Amyl-eompoundt, 

THmeUiFlaiiijl^ospliOBiaiii,  CH"P  ->  (CH*)*(OV>)P.^The  iodide^ 
0>H**PI,  is  deporited  slowly  from  an  ethereal  mixtnre  of  iodide  of  amyl  and  tzimethyl- 
phosphine.  It  is  extremely  soluble  in  water,  so  that  if  the  ethereal  solution  of  iodide 
of  amyl  contains  onl^  a  traoe  of  water,  the  salt  separates  in  the  fbrm  of  a  syrap  whidi 
only  gradually  solidifies.  From  absolute  alcohol  it  crystallises,  though  irith  difficulty, 
in  needles. 

ChloroplaHnate,  2(CH«)^C»H")PClJPtCl*.— The  hydrate,  formed  ftom  the  iodide  by 
means  of  hydrate  of  silver,  yields  with  hydrochloric  acid  and  tetrachloride  of  platinnin 
a  Tery  soluble  platinumnnlt,  which  crystalUses  from  boiling  water  in  splendid  needles 
aggregated  in  spherules.    (Hofmann  and  Cahours.) 

TMetlijIamsrlplioq^OBlvnif  G"HMP  -  (CH*)^G*Hi>)P.— Iodide  of  amyl  acts 
but  slowly  on  trieth^lphoephine.  An  ethereal  mixture  of  the  two  substances  deposits 
in  a  few  days  beautiful  crystals  of  the  iodide  C^^WFl,  which  may  be  purified  by  so- 
lution in  alcohol  and  precipitation  by  ether. 

The  hydrate^  obtained  l^  treating  the  iodide  with  hydrate  of  silrer,  resembles  the 
hydrate  of  tetrethylphoephoniunu  When  heated,  it  giyes  off  a  small  quantity  of  in- 
flammable gas,  probably  hydride  of  ethyl,  a  liquid  l]«ing  also  formed,  which  boils  at 
about  280^»  and  apf>ears  to  be  the  oxide  of  diethylamylphosphine : 

(C«H»)"(C»H")PHO     -    (C«H»)«(C»H»»)PO  +  C«H».H. 

ChhroplatinaU,  2(C*H*WC*H")PCLPta\— The  solution  of  the  hydrate  in  hydro- 
chloric add,  deposits,  on  adoition  of  tetrachloride  of  platinnin,  a  beautiftil  platinnm- 
salt,  which  crystallises  in  prisms  with  flat  terminal  planes.  It  is  insoluble  in  alcohol 
and  ether,  but  rather  soluble  in  water, 

9,  Allyl' compounds. 

THetliylHaiarlp]iosi^OBiiiiii,C*H*P  -  (C*H*)*(C'H*)P.— Iodide  of aOjl  acts  with 
great  eneigy  on  triethylphosphine,  forming  a  solid  product  which,  when  reciTstaUised 
from  alcohol,  yields  splendid  needles  of  the  iodide,  (C^*)^CH*)PL  The  chloride  and 
hvdrate  resemble  the  corresfMnding  compounds  of  tetrethylphosphonium.  The  ekhnh 
ptaUnate  crystallises  readily  in  octahedrons.  The  ndph^anate,  (C^*)^G*H*)F.CKS, 
obtained  by  treating  the  hydrate  with  Buh>hocyanic  acid,  is  easily  soluble  and  crystal- 
lises with  difficulty.    (Hofm«nn,  PhiL  G^ans.  1860,  442.) 

Trtettajl-ttlljt«alpliooMrbo-plieBpliOBlMde«  0**H*NPS     -i-      (C'H*)'}^. 

{Hofmann,  PhiL  Trans.  1860,  p.  439). — ^This  base,  metameric  with  the  sulphocyanate 
just  mentioned,  and  formed  on  the  carbamide  or  urea  type,  is  produced  by  the  direct 
combination  of  1  at.  sulphocyanate  of  allyl  with  1  at.  trieth^phosphine.  The  two 
bodies  act  on  one  another  with  great  violence,  forming  a  brown  mixture  which,  after 
some  da^,  yields  brown  crystals  difficult  to  purify.  It  is  better  to  mix  the  two  sub- 
stances in  ethereal  solution,  a  crystalline  mass  being  then  obtained,  which  may  bv 
purified  by  washing  it  with  cold  ether,  and  once  recrystallising  from  boiling  ether. 

This  compound  ciystallises  with  great  facility  in  colourless,  transparent,  well-defined 
crystals,  half  an  inch  long.    Thev  are  monoclinic,  exhibiting  the  faces  ooPoo ,  oP, 

ooP,  +Poo,  +2Pqo,  +iP.  RaUo  of  axes,  a  :  6  :  c  -  0-8321 :  1  :  0-3984.  Angls 
of  inclined  axes,  6,  c  «  116°  16'.  Angle  ooP  :  ooP  (orthod.)  -  132°  27;  oP  :  ooP  «* 
99°  46';  oP  :  ooPoo  «  116°  16';  oP  :  +Poo  =  130°  26' ;  oP  :  +  2Poo  «  100°  64*. 
The  crystals  are  less  hard  than  gypsum;   cleave  easily  and  distinctly  parallel  to 

ooPoo  and  oP.    (PhiL  Trans.  1860, 440.) 

The  compound  is  insoluble  in  water,  but  easily  soluble  in  alcohol,  the  solution 
having  a  faint  alkaline  reaction.  It  melts  at  68°,  and  solidifies  at  61°.  At  a  higher 
temperature  it  decomposes,  emitting  a  peculiarly  repulsive  odour,  and  yielding  crystals 
of  sulphide  of  triethylphosphine  in  considerable  quantity.  It  dissolves  readily  in  hydro- 
chloric add,  and  the  solution  mixed  with  pLEvtinic  chloride  yields  a  light  yellow  seal/ 
precipitate  of  a  plaHnumsalt, 

C»H««N«P*S*Pta«    -    2[(CS)"((?H»)»(C«H»)NP].H«a«Jtf'a*. 

«.  Phenyt'Compound. 
TMetlij1^]ieByt«iilplioearbo-pbMpboiiltrid6«  C**H**NPS   -  (C*H«)*v2 
(Hofmann,  Phil.  Trans.  1860,  p.  432).— This  base,  analogous  in  composition  to  the 
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allyl-eompofimd  jxust  described,  ia  pzodnced  in  like  manner  by  the  direct  combination  of 
triethylphoBphine  with  solphocyanate  of  phenyl,  and  likewise  porified  by  washing  with 
cold  ether  and  crystallisation  from  boiling  ether.  The  ciystals  are  monoclinic, 
exhibiting  the  fiices  ooP,  ooPoo ,  (  ooPoo  \  oP,  with  Uie  an^ee  ooP  :  ooP  (orthod.)  » 
91^  (T ;  oP :  ooF  »  1090  60';  oF  :  ooPoo  a  118^  69>.  The  dystals  are  about  as 
hard  as  gypsom,  and  deare  distinctly  parallel  to  ooPoo ,  with  fibroos  deavage  parallel 
to  ooPoo .  This  oon^ponnd  is  homcBomorphous  with  the  preceding,  also  with  thiosinna- 
mine  or  allyl-snlphocarbamide. 

The  phenylic  phosphonitride  melt^  at  57*5^,  and  decomposes  at  100^  like  the  alljl- 
compound,  emittine  also  an  extremely  repnlsive  odour.  The  same  decomposition 
takes  place  gradual^  at  common  temperatures,  and  most  quickly  when  the  compound 
is  heated  to  150<>— 160^  in  sealed  tubes. 

The  phosphonitride  is  iusoluble  in  water,  but  soluble  in  alcohol  and  in  boiling  ether. 
It  dissolves  also  with  the  greatest  facility  in  acide,  even  when  Tery  dilute,  forming,  in 
many  cases,  easily  crystallisable  salts  which  are  capable  of  double  decomposition,  and 
from  which  the  base  may  be  separated  by  careful  addition  of  potash  or  ammonia.  They 
are  however  rery  prone  to  decomposition.  Nitrie  acid,  even  if  extremely  dilute, 
decomposes  the  compound,  separating  sulphocyanate  of  phenyl,  and  converting  the  tri- 
ethylpbosphine  into  oxide.  The  solution  of  the  base  in  i^drochloric  acid  is  more 
stable,  but  becomes  milky  when  largely  diluted  with  water,  sulphocyanate  of  phenyl 
separating  out,  and  chloride  of  triethylphosphonium  remaining  in  solution.  Ammonia 
added  to  the  concentrated  hydrocbloric  solution,  separates  the  base  without  decompo- 
sition ;  but  if  the  dilute  solution  be  boiled  with  ammonia,  the  turbidity  peroentible  at 
the  commencement  disappears  again,  and  after  a  few  moments,  crystals  of  phenyl - 
sulphocarbamide  separate,  ttiethylphosphine  being  likewise  set  free : 

(CSr)«  (CS)-) 

C«H»  r  H«  ) 

Potash  acts  in  a  similar  manner,  excepting  that  it  separates  dipheny  I-snlphoear- 
bamide: 

r(C«H»)»lj  1   +  4KH0  -  K«S  +  K«CO»  +  HK)  +  2(C*H»)«P  +    OTI*)"|n« 

On  addinff  a  few  drops  of  carbonic  dieulphide  to  a  solution  of  the  phenylic  phospho- 
nitride, theliquid  becomes  deep  red,  and  on  oootiuff  deposits  crystals  of  carbosulpnide 
of  triethylphosphine ;  and  the  mother-liquor  yi^ds,  on  evaporation,  oily  drops  of 
phenylic  sulpho<^nate. 

Hydrochlorate,  C^'H^^NPaHCL— The  solution  of  the  phosphonitride  in  hydro- 
chloric acid  solidifies  on  cooling  to  a  omtalline  mass,  which  when  recrystallised  from 
moderately  warm  water,  yields  splendid  cadmium-jreUow  crystals  often  an  inch  long. 
BoiUng  water  decomposes  it,  and  the  dry  salt  likewise  decomposes  at  100<*.  The  same 
is  the  case  with  idl  tae  other  salts  of  the  base :  they  must  therefore  be  dried  in  vacuo 
over  oil  of  vitrioL 

The  hydrohnmate  is  analogous  to  the  hydrochlorate  in  composition  and  ia 
properties. 

The  chhroplaiinate,  2G**H«NPSCIFta\  separates  as  a  light-yellow  cr^talline  pre- 
cipitate, or  from  dilute  solutions  in  somewhat  better>foimed  crystaJs,  often  in  lily-shaped 
aggregations. 

rosy  \ 

MeihyUodide,   0>"BP«!NP8.CH«I    =-    ^^7 

CH» 

pouring  iodide  of  methyl  into  an  ethereal  solution  of  the  phenolic  phosphonitride,  and 
separates  immediately  as  a  heavy  oil  which  rapidly  solidifies  into  a  crystalline  masa 
It  is  soluble  in  boiling  water,  and  separates  on  cooling  in  splendid  golden-yellow 
nAAdlflfl 

Methyl^hlorcplatinaie,  C»H««N«P«S*RC1«  =  2(C»«H«*NPS.CH«a).IV'a*.— The 
chloride  obtained  by  treating  the  methyl-iodide  with  chloride  of  ^ver,  yields  on 
Addition  of  platinic  diloride,  an  adcnlar  platinum-salt  having  this  composition,  which 
may  be  recrystallised  from  boiling  water. 


2 


N 

P. — ^This  compound  is  formed  on 


Methyl-hydrate,  C"H*«NPSO  -  C«»H*NPaCH«(HO)  -  (C^»WC»H»)VP.— The 


(CS)"        )N 
H»WC»H»)VP.— 1 
(CH»)H      So 


iodide  treated  with  moist  oxide  of  silver  yields  a  very  caustic  alkaline  liquid  containing 
this  hydrate^  inasmuch  as^  when  satuxmted  with  hydzochlorio  acid  and  mixed  wi£ 
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platinic  chloride,  it  yields  the  acicular  platiiiiun*8alt  just  deflcribed.  It  ia  hoverer 
easalj  decomposed ;  for  on  boiling,  it  emits  the  odour  of  phenylic  (ralpho<^aiiate,  and  if 
the  boiling  be  prolonged  till  this  odour  is  no  longer  perceptible,  addition  of  hydro- 
chloric acid  and  platinic  chloride  no  longer  produces  the  acicular  platinum-salt^  but  in 
its  place  large  yellow  octahedrons  are  deposited  on  evaporation,  consiBting  of  the 
chloroplatinate  of  methyl-triethyl-phosphonium. 

[.  Beneyl-compound. 

Triettayl-bensyl-pliMplioiiiiiiii.  The  chloride,  (C<H*)*(C'H^)PC1,  is  produced 
by  heating  triethylphosphine  with  chloride  of  benzylene,  C'H«C1*,  to  120°— 130^;  best 
in  presence  of  alcohol : 

3(C«H»)«P  +  C'H«C1«  +  HK)  -  (C«H»)«(C»H0PC1  +  (C«H*)»HPC1  +  (C«H»)*PO. 

The  benzyl-phosphonium  base,  liberated  by  successive  treatment  with  baryta,  oxide  of 
silver,  and  carbonic  acid,  forms  a  strongly  alkaline  liquid,  yielding  a  well  crystallised, 
but  very  deliquescent  iodide,  and  a  roaringly  soluble  platinum-salt,  which  when  reeiya- 
taUised  from  boiling  water,  exhibited  the  composition  2[(C*H»)«(CH')PCl]PtCl*. 

17.    Monophosphoniums  produced  by  the  action  of  Diatomic  alcoholic 
BromideSf  Chlorides,  j'con  Trimethyl-  and  Triethyl-phosphine. 

BrometHjl-trletli jl^liosplioiiliiiii.  (C^*Br)(C*H*)'F.— The  bromide  of  this 
radicle,  CH'^PBr'  «  (C'CE<Br)(C*H»)*PBr,  is  produced,  together  with  dibromide  of 
ethylene-hezethyl-diphosphonium,  by  the  action  of  dibromide  of  ethylene  on  triethyl- 
phosphine (pp.  608,  611): 

.(C«H»)«P     +     C«H«Br«       -      (C«H^Br)(C«H»)»PBr 

and  2(C«H»)«P     +     C*H«Br*      -       (C»H«)''(C«H»)«P*Br*. 

The  mixture  becomes  turbid  at  first  and  gradually  solidifies  to  a  saline  mass  of  the 
two  salts ;  the  action  is  accelerated  by  gentle  heating.  It  is  best  to  add  the  dibromide 
of  ethylene  to  triethylphosphine  mixed  with  twice  its  volume  of  ether  in  a  flask  filled 
with  carbonic  dioxide  and  provided  with  an  upright  condensing  tube.  As  soon  as  the 
liquid,  on  being  heated  with  carbonic  disulphide  (p.  710),  gives  no  further  indication 
of  the  presence  of  free  triethylphosphine,  the  separated  crystals  are  collected  on  a 
filter  and  washed  with  ether  to  free  them  from  adnering  dibromide  of  ethylene.  To 
separate  the  two  bromides  (which  are  accompanied  bv  small  quantities  of  oxide  and 
hydrobromate  of  triethylphosphine)  they  are  crystalUsed  throe  or  four  times  from 
absolute  alcohol,  mixed  for  the  last  crystallisation  with  a  little  ether.  The  much  more 
soluble  diphosphonium-bromide  then  remains  in  the  mother-liquors,  and  the  bromide 
of  bromethyl-triethyl-phoephonium  is  ultimately  obtained  quite  pure  asd  sometimes  in 
separate  well-developed  ciystaU. — 2.  Brominated  ethylic  bromide  (CH^BrJBr),  acta 
upon  triethylphosphine  in  a  similar  manner,  but  less  energetically,  and  yields  a  smaller 
proportion  of  the  monophosphonium-bromide. 

Bromide  of  bromethyl-triethyl-phosphonium  crystallifles  in  white^  unctuous,  much 
elongated  rhombic  dodecahedrons,  veiy  soluble  in  water  and  in  aqueous  alcoholf  less 
soluble  in  absolute  alcohoL  It  melts  ai  236*^,  and  decomposes  at  higher  temperatures, 
giving  off  hydrobromic  acid. 

SUver'salis  added  to  a  cold  solution  of  this  bromide,  throw  down  only  half  the 
bromine,  yielding  salts  of  bromethyl-triethylphosphonium  which  generally  form  double 
salts  with  the  excess  of  the  silver-salt.  On  continued  boiling,  however,  the  whole  of 
the  bromine  is  precipitated  as  bromide  of  silver,  with  formation  of  a  salt  of  vinyl- 
triethylphosphonium  (p.  608).  It  is  on  account  of  the  greater  force  with  whidi 
one-half  of  the  bromine  is  retained,  that  the  compound  is  sufmosed  to  contain  a 
brominated  radicle.  For  another  view  of  the  constitution  of  this  ana  similar  compounds, 
see  AxMONiuM-BASBS  (i.  197).  8Uver-oxide  digested  with  bromide  of  biometnyl-tii- 
etfaylphosjphonium,  precipitates  all  the  bromine,  and  forms  a  solution  of  hydrate  of 
oxethyl-tnethvlphosphonium.  Potash  has  no  action  on  the  compound  in  tiie  oold ;  after 
prolonged  boiling  it  produces  reactions  which  have  not  yet  been  examined.  When  a 
solution  of  the  bromide,  acidulated  with  sulphuric  add,  is  digested  with  granulated 
sine,  bromide  of  tetrethylphosphonium  is  produced : 

(C«H*BrXCra»)«PBr  +  H«     -    (C«H»)*PBr  +  HBr. 

Bromide  of  bromethyl-triethyl-phosphonium  unites  with  1  at.  triethyl-  or  trtmethyl- 
phosphine,  forming  dibronude  of  ethylene-hexethyl-diphoflphonium  or  of  ethylene-tri- 
methyl-triethyl-diphosphonium ;  similarly  with  1  at  ammonia,  ethylamine,  diethyl^ 
amine,  and  trimetnylamine,  forming  dibromides  of  phosphammoniuma :  eg, — 

(C»H*BrXC^*)*PBr  +  NH»     »     [(C«H*)''(0«H*)«H«PN]''Br«. 
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jMethylamine  alone  acts  in  a  different  way ;  in  presence  of  not  perfectly  dehydrated 
alcohol,  it  forms  bromide  of  oxethyl-trieihyl-phosphoniam  and  bromide  of  triethyl- 
ammoninm : 

(C«H*Br)(C«H»)»PBr  +  (C»H»)«N  +  H«0     =   (C*H»0)(C*H»)TBr  +  (C«H»)»HNBr. 

If  vater  be  completely  exdnded,  no  action  takes  place  at  100^,  and  the  products  formed 
above  130^  have  not  yet  been  examined. 

Chloride  of  Brometht/l-triethyl-phogphonium  is  obtained  by  digesting  the  bromide 
with  chloride  of  silver.  It  is  very  soluble  in  water  and  in  alcohol,  and  only  imperfectly 
ciystallisable.  The  chloro-aurate,  (C'H«BrXC*H*)7CLAuCl*,  ciystallises  £com  boiling 
water  in  light  yellow  needles  slightly  soluble  in  cold  water.  The  chloroplatinate, 
2[(C*H*BrX0'H*)'PCl]PtCl*,  forms  long  monodinic  prisms  having  an  orange-yellow 
colonr  and  vitreous  lustre.  The  crystals  are  combinations  of  the  fiices  ooPoo ,  [  ooFoo  1, 
ooP,  +Poo,  -Poo,  [Poo],  +P,  -P,  2P2.  Angle  ooP'  :  ooP  (orthod.)  -  91°  49  ; 
oeP  :  +P  *=  133°  46';  ooP  :  -P  -  133o  3';  +Poo  :  +P  -  160°  37';  -Poo  :  -P 
-  160°  14';  2P2:  -P  -  16(P  63';  2P2  :  odP  =  141°  89'  (PhiL  Trans.  1860, 
p.  497).  Ratio  of  axes  a  :  b:  e  ^  0*9686  :  1  :  0*6580.  Angle  of  inclined  axes  6,  o  i- 
89°  2^.  The  salt  dissolves  rather  sparingly  in  cold,  more  eaisily  in  boiling  water,  and 
may  be  recrvstallised  without  decomposition. 

Iodide  of  Bromethyl-trieihyl-phoevhoniumy  obtained  by  decomposing  the  snlphate 
with  iodide  of  barium,  forms  sparingly  soluble  pearly  scales.  The  nitrate  is  similar  to 
the  chloride.  The  sulphate  separates  in  long  white  needles,  easily  soluble  in  water  and 
alcohol,  when  the  bromide  is  first  converted,  by  treatment  with  silver-sulphate,  into  a 
double  sulphate  of  silver  and  bromethyl-triethyl-phosphoninm,  and  the  solution,  after 
being  freed  from  silver  by  sulphydric  acid  and  evaporated,  is  mixed  with  a  little  alcohol 
and  ether.    (Hofmann.) 

cndoretbyl-trietlijl-phosplioiiliiiii.  (C*H«aXG^')'P.^When  triethylphos- 
phine  is  left  in  contact  for  several  days  at  common  temperatures  with  dichloride  of 
ethylene,  or  with  its  isomer,  monochlorinated  ethylic  chloride,  a  white  crystalline  mass  is 
formed,  which  contains  chloride  of  chlorethyl-triethyl-phoephonium,  together  with  a  large 
quanti^  of  dichloride  of  ethylene-hexethyl-diphosphonium.  On  mixing  the  aqueous 
solution  with  tetrachloride  of  platinum,  a  pale  yellow  crystalline  preapitate  is  first 
fbrmed  consisting  of  the  platinum-salt  of  the  diphoephonium ;  but  this  after  a  few 
hours  becomes  covered  with  deep  orange-yeUow  crystals  of  the  monophosphonium 
platinum-salt,  easily  separated  from  the  preceding  by  mechanical  means.    The  ekloro* 

j»/a/t9ta^,  2[(C*H«aX^S')^^Q•^E't^^  ^  ^^^  soluble  than  the  cozresponding  brom* 
ethylated  salt 

Chloride  of  chlorethyl-triethylphosphonium  is  also  produced  by  the  action  of  penta- 
ehloride  of  phosphorus  on  the  chloride  of  oxethyl-trietnylphosphonium : 

(c*H»oxc«H»)^a  +  pa»   -   (c«HKnxc«H»)«pci  +  na  +  poci*. 

Ox«thyli^liietli7lplioapboiiliiiii«  C^**PO  -  (CmK)XC*H*)?.— The  hydrate^ 

V  A     „/^    (o,  is  obtained  by  digesting  bromide  of  bromethyl-triethylphospho- 

nium  with  hydrate  of  silver: 

(C«H«BrX(?H»)'PBr  +  2AgH0     -     (C«H»0)(C«H»)»PHO  +  2AgBr; 

or  by  decomposing  the  sulphate  of  bromethyl-triethylnhoephonium  with  caustic  baryta. 
When  the  filtrate  obtained  in  either  case  is  evaporated  over  oil  of  vitriol,  there  remains 
a  very  deliquescent  syrup  from  which  potash  separates  the  base  in  oily  drops.  When 
strongly  heated,  it  is  resolved  into  oxide  of  triethylphospbine,  ethylene-gas,  and 
water: 

(C«HK)XC^»)^HO     «    (C«H»)TPO  +  C«H*  +  H«0. 

The  hydrate  dissolves  easily  in  adds,  forming  more  or  less  CEystallisable  salts. 

The  bromide  and  chloride  are  indistinctiv  aystalline,  extremely  soluble,  and  easily 
form  double  salts  with  bromide  and  chloride  of  cine.  The  chloride  is  violently  at- 
tacked by  pentabromide  of  phosphorus,  and  converted  into  chloride  of  bromethyl- 
triethyl-phosphonium : 

(C^*0XC«H»)«PC1  +  PBr»     -    {C«H<BrXC«H»)»PCl  +  POBr*  +  HBp. 

The  chloro^urate,  (C«H*OXC*H»WCl.AuCl»  forms  gold-yellow  needles  which  dis- 
solve sparingly  in  boiling  water,  and  melt  to  a  yellow  ou  when  the  quantity  of  water  is 
insnfilcient  to  dissolve  them. 

The  ehhroplatinate,  2[(CTI»0XC*H»)«PCri.Pta*,  crystallises  on  evaporatinc  a 
solution  of  the  chloride  mixed  witn  tetrachloride  of  platinum,  in  small  oruugo-yellow, 
well-doTelopcd  quadratic  octahedrons,  in  which  the  angle  P  :  P  in  the  terminal  edges 
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•  700  7'_7io  4'  (ealc  7(P  82') ;  and  in  the  lateral  edgee  109<>  SS*— lOO^U'  (ealc 
lOQ**  28')  (Fha  Trans.  1860,  p.  464).    The  salt  is  eamlv  soluble  in  hot  water. 

The  iodide,  (CH*OXC^*)'PI,  crystallises  from  a  solntion  of  the  hjdrate  satnisted 
with  hydriodic  acid,  and  left  to  evaporate,  in  lon^  needles  which  decompose  at  100^. 

The  perchlorate  forms  lamins  slightl  j  soluble  m  cold  water. 

Vinjl-triethylpliMplioiitam,  (C*H*)(C>H*^«F.— -1.  The  salts  of  this  base  art> 
obtained  by  prolonged  boiling  of  salts  of  brometnjl-triethylphosphonium  with  silTer- 
salts,  the  acetate  being  the  most  easily  produced : 

(C»fl«BrXC«H*)"[PBr  +  2AgC«HH)«  =   {C«H»XC«H*)T.C»HH)«  +  C*H*0«  +  2AgBr. 

2.  The  hydrate  appears  to  be  produced  under  certain  circumstances  by  the  action  of 
heat  on  hydrate  of  oxethyl-tnethylphosphonium. — 8.  Bromide  of  bromethvl-triethyl- 
phosphonium  is  decomposed  by  prolonged  heatings  probably  into  hydrobromic  acid  and 
bromide  of  vinyl-triethylphosphonium. 

Chloroplatinate. — The  solution  (1),  filtered  from  bromide  of  silver,  yields,  on  addi- 
tion of  platinic  chloride  and  sufBcient  concentration,  octahedral  crystals  of  the  salt 
2CC*H»XC«H*)«PCLRa«.    (Hofmann.) 

lodomatlijl  -trletliylpliMplioniiimt  (CH*IXC'H*)'P.— Triethylphosphine 
unites  directly  with  di-iodide  of  methjrlene  C«H*P,  forming  the  iodide  (CH*IXC'H»)«PI, 
which  when  treated  with  hydrate  of  sUyer  at  ordinary  temperatures  yields  uie  corres- 
ponding hydrate  (CH'1)(C^)'^| 0.    (Hofmann,  Pioc  Boy.  Soc.  x.  613.) 

Cblorometlijl-trletliylpliMi^OBiiim.  The  chloride,  (GHKnXC*H*)'PCl, 
obtained  in  like  manner  by  the  union  of  1  at.  dichloride  of  ethylene  and  1  at  triethyl- 
phosphine,  forms  with  platinic  chloride  a  double  salt  which  crystallises  well.  The 
chlonde  is  capable  of  taking  up  a  second  atom  of  triethylphosphine,  and  forming  the 
dichloride  of  methylene-hexethyl-diphosphonium,  (CH»)''(C?»H»)«P*C1«, 
which  is  decomposed  by  water,  yielding  chloride  of  methyl-triethylphosphonium,  oxide 
of  triethylphosphine  and  hydrochloric  acid : 

(CH«)"(C"H»)T«a«  +  H«0     -    (CH»XC«H»)Ta  +  (C*H»)T>0  +  HCL 
(Hofmann,  Proc.  Boy.  Soc.  xi.  290.) 

Brometbyl-'trliiieUijlpliosplioiiliim.  The  bromide,  (CH«Br)(CH')'PBr,  is 
formed  by  digesting  a  solution  of  trimethylphosphine  in  absolute  alcohol  with  a  xerj 
large  excess  of  ethylenic  bromide  at  60^ — 60^  for  several  hours,  and  separates  on  cool- 
ing in  well-defined  crystals,  which  by  a  few  recrystallisations  from  absolute  alcohol, 
may  be  obtained  perfectly  free  from  adhering  diphosphonium-salt  The  crystals  are 
trimetric  prisms  exhibiting  the  faces  ooj^ao ,  oof  oo ,  oP,  ooP,  2P2.  Batio  of  axes 
a:b:c  ^  0-6681  :  1 :  0-4071  (Phil.  Trans.  1860,  p.  690). 

The  chloroplatinate,  2(C*H<Br)(CH')*PCLPtCl\  crystallises  in  fine  orange-yeUow 
needles. 

Oxetbyl^trtmetliylpbMplioiiliiiii,  (C*HK))(CH*)>P.--The  hydrate  produced  by 
the  action  of  silver-hydrate  on  the  bromide  of  bromethyl-trimethylphosphonium  forma 
with  hydrochloric  acid  a  very  soluble  chloride,  which  yields  with  tetrachloride  of 
platinum  an  easUy  soluble  chloroplatinate,  2(0*H*0)(CH*)"PCLPtCl\  crystallising  in 
octahedrons.    (Hofmann.) 

II.  D1FHO8PEO2TIUX8. 

Btbylene-liezetliyl-dlpbMplioniiim.  G*«H*«P*  «  (C*K*y{C^R*yT^.^The 
bromide  of  this  diatomic  base,  (C«H*)''(C»H»)«P*Br*,  is  produced  by  the  action  of 
bromide  of  ethylene  on  triethylphosphine : 

C«H«Br»     +     2(C«H»)«P      -      (C«B[*)''(CnaP)«P^Br*. 

If  the  substances  are  mixed  in  the  exact  pro^rtions  indicated  by  this  conation  ( I  vol. 
bromide  of  ethylene  to  3  vol.  triethylphosphine)  the  bromide  of  the  diphosphonium  is 
obtained  nearly  pure ;  but  if  the  bromide  of  ethylene  is  in  excess  of  this  proportion,  the 
product  will  likewise  contain  the  bromide  of  brometh^l-triethylphosphonium  (p.  618). 
As  this  monatomic  bromide  is  difficult  to  remove,  it  is  better  to  prepare  the  oiatomic 
bromide  by  saturating  the  corresponding  hydrate  with  hydrobromic  add.  The  dibromide 
is  also  easily  prepiured  by  the  action  of  triethylphosphine  on  the  bromide  of  bromethvl- 
triethylphosphonium,  its  formation  taking  place  in  a  few  minutes  in  an  alcoholic  solu- 
tion heated  to  100<>. 

The  dibromide  forms  white  needles,  permanent  in  the  air,  very  soluble  in  water  and 
in  alcohol,  insoluble  in  ether. 
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On  adding  bromine-water  to  the  aqneons  solution,  beautiful  yellow,  but  Teiy 
vnatable  needles  are  formed,  probably  consiBting  of  a  poljbromide. 

Bramar^entate,  (C«H*)''(C*H»^P«Br«.AgBr.— When  the  boiling  concentrated  alco- 
holic solution  of  the  diphoephomnm-bromide  is  mixed  with  as  much  8ilver-oz.ide  as  it 
is  capable  of  dissolving,  the  hot  filtrate  deposits  on  cooling,  white  crystals  of  the  brom- 
argentate  which  are  somewhat  difficult  to  reciystallise  from  boiling  alcohol.  ^  The 
double  salt  is  immediately  resolved  by  water  into  bromide  of  silver  and  the  bromide  of 
the  diphoephoninm. 

The  bromide  decomposed  with  hydrate  of  silver  yields  the  corresponding  hydrate, 
which  when  treated  with  adds  yieMs  the  several  salts  of  ethylene-hezethyl-diphos- 
phoniunu 

Carbonate. — Slightly  deliquescent,  reddens  litmus. 

Chloride,  (C*H*)''(C«H')«P«C1«.— Produced  by  saturating  the  hydrate  with  hydro- 
chloric acid,  or  by  treating  the  bromide  or  iodide  with  chloride  of  silver ;  also  when 
triethylphoephine  is  mixed  with  dichloride  of  ethylene,  or  heated  for  some  time  to  120'' 
with  chlorinated  ethylic  chloride.  It  forms  a  broadly-laminar,  pearly,  veiy  deliquescent 
crystalline  mass,  very  soluble  in  water  and  in  alcohol,  insoluble  in  ether.  It  is  precipi- 
tated unaltered  from  its  aqueous  solution  by  potash. 

Chloroaurate,  (C?H«)''(C«H»)«I«Cl*.2AuCl».— Golden-yellow  needles,  sparingly  soluble 
in  cold  water,  easily  in  boiling  alcohoL 

ChloropaUadite. — ^A  dilute  solution  of  the  diphosphonium-chloride  is  not  precipitated 
by  chloride  of  palladium ;  but  on  adding  alcohol,  a  chocolate-coloured  crystalline  pulp 
is  formed,  consisting  of  small  interlaced  needles,  the  concentrated  aqueous  solution  of' 
which  deposits  redcush-yellow  prisms  on  slow  cooling,  and  a  yellowish-red  crystalline 
powder  when  quickly  cooled.     

Ckhromercurate,  2[(C«H*)''((?H»)«PKJl«].3Hg''Cl«.— Thin  white  laminse  or  needles, 
dightly  soluble  in  water  and  in  alcohoL 

ChioroplaHnaU,  rC«H*)''(C«H*)«P*Cl«.Pta*.— Tetrachloride  of  platinum  produces  in 
the  most  dilute  solutions,  of  the  diphosphonium-chloride  a  pale  yellow  precipitate, 
which  crystallises  from  boiling  hydrochloric  acid  in  small  well  developed  monoclinic 
prisms,  having  an  orange-yellow  colour  and  vitreous  lustre.  Inclination  of  axes,  b,  c, 
—  H29  36'.  Observed  faces  oopoo ,  [  ooPoo  ],  oP.  Cleavage  perfect  parallel  to  all 
three.    The  salt  is  nearly  insoluble  in  water,  whether  cold  or  boiling. 

The  eAlorostannite  forms  large  prisms,  probably  containing  (C*Q^)"(CH*)^C1*. 
2Sn''Cl«. 

Chr  ornate, — Stellate  groups  of  extremely  soluble  needles,  obtained  by  saturating 
the  hydrate  with  chromic  add. 

Cyanide, — ^This  salt  is  not  obtained  by  saturating  the  hydrate  with  hydroeyam'c 
add ;  bat  when  the  iodide  is  digested  with  cyanide  of  silver,  a  doable  salt  passes  into 
solution,  which  crystallises  in  fine  needles,  but  is  very  easily  decomposible. 

Fluoride, — ^The  solution  of  the  hydrate  saturated  with  hydrofluoric  add  dries  up 
orer  oil  of  vitriol  to  a  colourless  transparent  syrup,  soluble  in  alcohol,  insoluble  in 
ether. — ^The  sHieo-Jluoride  is  uncrystallisable. 

Hydrate,  [(0^*XC*H»)^* |  o«.-.ptcpared  by  adding  oxide  of  silyer  to  an  alco- 

hoUc  solntion  of  the  bromide,  or  better  of  the  iodide,  which  is  more  easily  obtained 
pare  (vid.  infX  The  silver-oxide  then  dissolves,  and  the  solution  soon  deposits  a 
compound  of  tne  bromide  or  iodide  of  the  diphoephoninm  with  bromide  or  iodide  of 
silver;  but  on  adding  more  silver-oxide  and  a  little  water,  this  double  salt  is  decom- 
posed, and  a  highly  caustic,  nearly  inodorous,  but  very  bitter  liquid  is  obtained,  which 
when  filtered  and  evaporated  in  the  air,  takes  up  carbonic  add  and  leayes  a  crystalline 
UHXture  of  hydrate  and  carbonate,  but  dries  up  in  vacuo  over  oil  of  vitriol  to  a  very 
deuquesoent,  perfectly  uncrystalline  sjrmp,  from  which  potash  separates  the  hydrate 
of  etliylene-hexethyl-diphoephonium  in  oily  drops. 
The  solution  of  the  hydrate  is  not  altered  by  heating  to  160^,  but  begins  to  decom- 

SMe  at  160^,  and  is  completely  decomposed  at  250^,  the  ultimate  products  of  the 
slillAtion  being  triethylphosphine,  oxide  of  triethylphoephine,  ethylene-gas  and 
water: 

(C*E*y{CFE*yF*IPO*    -    (C*H»/P  +  (C«H»)*PO  +  C^*  +  H«0, 

As  intermediate  products  are  obtained  the  hydrate  of  tetrethylphosphonium  and 
probably  also  hydrate  of  oxethyl-triethylphosphonium. 

The  solution  of  the  hydrate  reacts  with  metallic  salts  in  the  same  manner  as  hydrate 
of  potassium,  excepting  that  the  predpitate  of  sine-hydrate  formed  by  it  in  Hne-MlU" 
tione  is  inaolable  in  excess  of  the  precipitant,  and  that  the  predpitates  formed  in  add 
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Bolutiona  of  anUmofdous  ekicride  and  siannoue  chloride  are  double  salts  czTstaUisiDg  in 
interlaced  needles.  The  hydrate  separates  ammonia,  aniline,  trUtkylphosphine  and 
many  other  amines  and  phosphines  from  their  salts.  It  has  no  action  upon  jpAossAortM, 
but  dissolves  sulphur,  forming  a  yellow  liquid  which  when  treated  with  acids,  giyea  off 
sulphydnc  acid  and  yields  a  precipitate  of  sulphur,  and  precipitates  lead  from  its  salts 
as  sulphide.  It  dissolves  iodine  with  facility ;  and  on  mixing  tiie  colourless  solution 
which  contains  the  iodide  and  iodate  of  the  diphosphonium,  with  strong  hydrochloric 
acid,  it  solidifies,  after  transient  dark  coloration  and  turbidity,  to  a  lemon-yellow  crys* 
talline  mass  whidi  ciystallises  from  alcohol  in  fine  needles^  and  is  probably  a  compound 
of  the  diphosphoninm-iodide  with  chloride  of  iodine. 

Iodate, — ^Very  deliquescent  83rrup  which  solidifies  very  slowly  to  a  crystalline  mass. 

Iodide,  (C^*)''(C«B:»)«P»P.— When  the  mother-liquors  obtained  in  the  preparation 
of  bromide  of  biomethyl-triethylphosphonium  (p.  618),  are  treated  with  nlver-ozide, 
and  the  filtrate  is  saturated  with  hydriodic  acid,  a  solution  is  formed  containing  iodide 
ofethylene-hexethyl-diphosphonium,  and  iodide  of  ozethyl-triethylphosphonium,  which 
are  easily  separated  by  crvstallisation,  as  the  latter  is  very  soluble  in  cold  water  and 
alcohol,  and  remains  wholly  in  the  mother-liquors  after  the  second  recrystallisation. 

The  diphosphonium-iodide  crystallises  in  white  trimetric  needles,  elongated  in  the 
direction  of  the  brachydiagonal,  and  consisting  of  combinations  of  the  faces  ooP,  f  ao ,  with 
others  which  cannot  be  exactly  determined  on  account  of  curvature.  Angle  ooP :  ooP  a 
590  24';  1*00  :  Poo  over  the  principal  axis  »  89*^  42'.  The  crystals  cleave  perfectly 
parallel  to  ooP  and  j^oo ,  and  have  a  vitreous  lustre  on  the  fieu^s  ooP,  nacreous  on  ^ao . 
The  smaller  crystals  are  transparent,  the  larger  ones  milky  and  hollow.  The  salt 
melts  without  decomposition  at  231^,  and  decomposes  at  higher  temperatures,  with  for- 
mation of  a  brown  substance  not  farther  examined.  Heated  with  caustic  baryta  it 
gives  off  triethylphosphine.  100  pts.  water  dissolve  458*3  pts.  of  it  at  100°,  and  onlv 
3*08  pts.  at  12° ;  it  is  but  slightly  soluble  in  alcohol,  and  insoluble  in  ether.  Potash 
precipitates  it  in  the  crystalline  state,  even  from  dilute  solutions.  It  forms  double 
compounds  with  various  metallic  salts. 

lodosincate,  (CH*)''(C'H')*P*I*.Zn"P. — ^Formed  on  mixing  the  aqueous  solutions 
of  the  component  salts,  as  a  crystalline  precipitate  which  separates  fix>m  hot  water  in 
long  needles. 

Nitrate, — ^Laminsa  permanent  in  the  air,  very  soluble  in  water,  leas  soluble 
in  alcohol,  and  precipitated  from  alcoholic  solution  by  ether  as  an  oil.  Forms  with 
mercuric  chloride  a  precipitate  which  crystallises  in  needles. 

Oxalate, — Slightly  crystalline. 

Perchlorate,  (C«H*)"(C«H*)*P«.Cl»0».~Beautifal  needles  often  an  inch  long;  may 
be  dried  at  100^  without  decomposition,  but  detonates  with  a  higher  temperature. 

Phosphate, — Obtained  by  boiling  the  iodide  with  excess  of  silver-phosphate. 
Slightly  crystalline. 

Pt cr a  ^f.— Separates  on  adding  jncric  acid  to  a  moderately  strong  solution  of  the 
hydrate,  as  a  yellow  crystalline  precipitate  which  separates  from  the  boiling  alkaline 
solution  in  long  needles. 

Bulphat e. — ^Radio*crystalline,  very  deliquescent. 

Sulphocyanate. —  The  aqueous  solution  produced  by  boiling  the  iodide  with 
recentJiy  precipitated  sulphocyanate  of  silver,  dries  up  over  the  water-bath  to  a  crvs- 
taUine  mass,  soluble  in  water  and  in  alcohol,  but  precipitated  from  the  alcoholic  solu- 
tion by  ether. 

Sulphydrate, — The  solution  of  the  hydrate  saturated  with  sulphydric  acid  leaves 
a  g^ummy  mass  when  evaporated  in  vacuo  over  oil  of  vitrioL  If  evaporated  o?er  the 
water-bath  with  access  of  air,  it  leaves  the  crystalline  sulphate. 

Tar ^r a ^^.^Extiemely  soluble;  difficult  to  crystallise. 

Appendix  to  the  Compounds  of  EthyUne-hexethyUdiphosphonium, 

Paradiphosphonium  compounds. — When  the  aqueous  solution  of  hj^drate  of 
ethylene-diethyl-diphosphonium  is  evaporated  in  a  retort  filled  with  hydrogen,  itbeffins 
to  decompose  as  above  mentioned  at  160^ ;  and  if  the  dry  distillation  be  interrupted  as 
^soon  as  the  heat  has  risen  to  about  190°,  the  alkaline  residue  then  remaining  yields 
^th  hydrochloric  acid  and  a  small  quantity  of  platinic  chloride,  no  longer  the  pale 
yellow  crystalline  precipitate  of  chloroplatinate  of  ethylene-hexethyl-diphosphonium, 
perfectly  insoluble  in  water  and  in  dilute  hydrochloric  acid,  but  an  amorphous  dirty 
yellow  salt,  easily  soluble  in  hydrochloric  acid.  If  the  dingy  precipitate  produced  by 
the  first  drops  of  the  platinum-solution  be  filtered  off,  and  the  filtrate  treated  with  « 
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fbrther  quantity  of  the  platianm-flolntion,  the  amorphous  platinum  double  salt  ia 
obtained  quite  pure  and  of  a  light  yellow  colour.  The  same  double  salt  is  produced 
by  similar  treatment  of  the  hy(£ate  of  oxethyl-triethylphosphonium ;  also  by  adding 


lylphosphine  to  160° — 180°.  It  has  the  same  percentage  composition 
chloroplatinate  oi  ethylene-hezethyl-diphosphonium.  If  the  amorphous  pale  yellow 
precipitate  suspended  in  water  be  decomposed  by  sulphydric  aeiu,  and  the  filtrate, 
freed  from  the  excess  of  that  gas,  be  treated  with  silver-ozide,  the  resulting  solution  of  • 
paraethylene-hexethyl-diphosphonium  hydrate  yields,  when  saturated  with  hydriodic 
acid  and  evaporated,  a  gummy  mass  which  slowly  becomes  cirstalline,  and  after 
repeated  crystallisation  is  identical  with  the  iodide  of  ethylene-hexethyl-diphospho- 
nium.  Hence  it  appears  that  the  paradiphoephonium  salts  are  gradually  reconverted 
into  ordinary  diphoephonium-salts.     (Hofmann,  FhiL  Trans.  1860,  p.  633.) 

Btl&yleifte-trietlijl-trlinetliyl-dipliospboiitaiii.  The  bromide  of  this  radicle, 
(C«H*)"(C«H»)«rCH»VP'Br»,  is  produced,  with  violent  action,  by  tilting  the  bromide  of 
bromethyl-trietnylphosphonium  with  trimethylphosphine.  It  is  more  soluble  than  the 
bromide  of  the  hexethylated  base,  which  it  resembles  in  other  rcspecti*.  When  digested 
with  moist  silver-oxide  it  yields  an  extremely  caustic  hydrate,  which  forms  with  hydro- 
chloric acid  and  platinic  chloride  a  pale  yellow  scaly  chloroplatinate  containing 
(C«H*)''(0»H»)*(CH«)«P«Cl«.PtCl^ 

BOiylene-l&ezmetliyl-dlpbosplioiiliun.    The  bromide,  (C>H*nCIP)<P>Br*,  is 

Produced  by  treating  bromide  of  ethylene  at  100^  with  excess  of  trimethylphosphine. 
t  is  extremely  deliquescent,  but  may  be  obtained  with  some  difficulty  in  well-developed 
monoclinic  crystals  having  the  axes  a  :  6  :  e  «  1*05445  :  1  :  1*1255,  the  angle  of  the 
axes  5,  c  »  37''  49',  and  exhibiting  the  faces  oP,  c»P,  [Poo  ].  Angle  ooP :  ooP 
(orthod.)  «  83<>  13';  oP  :  oeP  «  121°  38';  +Poo  :  a>P  -  99°  8'. 

The  chloroplatinate,  {C«H«y'(CH")«P*Cl«.PtCl\  obtained  in  the  usual  way,  is  a  yellow, 
apparently  amorphous  precipitJEite  which  crystallises  from  boiling  hydrochloric  acid  in 
golden-yellow  laminae. 

The  iodide,  (C«H*)''(CH«)fP«I«,  obtained  by  saturating  the  hydrate  with  hydriodic 
acid,  forms  beautiful  sparingly  soluble  needles. 

in.   Phosphaxxokiums. 

(C^H*)" 
Sflijtone'^rtetliylpliMpbaiiimoiilQBi.    G'H'*NP  -   (C«H*)"V^ — The  bro- 


mide  of  this  diatomic  base  is  obtained  by  digesting  an  alcoholic  solution  of  bromide  of 
bromethyUtriethylphosphonium  with  ammonia  for  half  an  hour  in  a  sealed  tube  at  100^. 
On  leaving  the  alcohol  to  evaporate,  the  phosphammonium-bromide  remains  slightly 
contaminated  with  bromide  of  ammonium : 

(C*H*Br)(C«H»)TBr     +     NH«      «       (C«H*)'(C«H»)«IPPN.Bi«. 

The  pure  salt  is  best  obtained  by  saturating  the  hydrate  with  hydrobromic  add.  It 
crystallises  pretty  well,  but  is  very  deliquescent. 

The  chloride  and  iodide  resemble  the  bromide. — The  perchlorate  is  sparingly  soluble 
and  crystallises  readily.         

The  chloroauraU,  {C^R*y(Cm*yWP^C\^2AviCi\  is  a  golden-yellow  precipitate  con- 
sisting of  slender  needles,  sparingly  soluble  in  water. 

The  chloroplatinate,  (C«H*)''CC'''H»)»H»NPCl«.PtCl\  is  obtained  as  a  pale  yellow, 

sliehtly  crystalline  precipitate,  which  dissolves  sparingly  in  boiling  water,  and  crys- 

taluses  from  hot  concentrated  hydrochloric  add  in  welUdeveloped  trimetric  prisms, 

exhibiting  the  faces  00^00,00^00,  ooP,  I>ao.     Angle  ooP :  ooP  -  119^40';  t<»   : 

odI^oo  «b  160^  SS*.    Hardness  somewhat  greater  than  that  of  gypsum. 

The  hydrate,  (CH*nC*H»)«H«^  |  q,^  obtained  by  treating  the  bromide  with  sU- 

ver-ozide,  may  be  concentrated  without  change  at  the  heat  of  the  water-bath,  and 
finally  separated  by  potash  in  oily  drops.  When  more  strongly  heated  it  gives  off 
ammonia  and  leaves  hydrate  of  vinyl-tnethylphosphammonium : 

(C«H«)''(C«H»)^»NP.H«0«     -    (C«H*)(C«H»)«PHO  +  NH»  +  H«0. 

BtlijleB»i^tetretliylpliOBpliaiiimoiiliiin.  (C>H^)"(CH*)«H'NP.— The  bromide 
is  obtained  by  the  combination  of  ethylamine  with  bromide  of  bromethyl-trietbylphos- 
phonium  (p.  608). — The  hydrate  may  be  separated  from  its  solution  in  oily  drops  by 
concentration  over  the  water-bath.    It  yields  saltl  by  saturation  with  adds. 

The  wrfiVf^(C«H*)''(C«H»)<H«NP.I«,  forms  white  needles,  easily  soluble  in  water  and 
in  aqueous  alcohol,  sparingly  soluble  in  absolute  alcohol,  insoluble  in  ether.    Potash 
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precipitates  it  from  its  aqtieons  solataon  without  deoomporition,  as  an  oil  which 

gradually  Bolidifles.  

The  chloroauraU,  (C«H*)''(C«B[*)*H*NPCl«.2AuCl«,  forms  golden-yellow,  sparingly 
soluble  needles.— The  chlc^r^pUUinate,  (C«H*nC«H»)/H*NPCl«.PtCl«,  oystaUises  in 
orange-yellow,  trigonal-tabuhur  or  sphenoidal  monodinie  combinations,  ooPoo  .  oP .  ooP . 
[  ooPoo  J,  usually  hemimorphously  developed,  sometimes  on  one,  sometimes  on  the  other 
side  of  the  orthodiagonal.  Angle  eoP  :  oP  »  93^  8' ;  ooP  :  ooP  in  the  orthodiagonal 
principal  section  —  89°  60';  [Poo  ]  :  [Poo  ]  in  the  clinodiagonal  principal  section  «> 
90°  29';  oP  :  ooPoo  «  86o  52'. 

■tHjleiie-i^entetliyl^liosphaiiimoiiliiiii.  (C*H«)''(C*H*)*HNP.— The  ftromti:^ 
is  formed  by  the  action  of  diethylamine  on  bromide  of  bromethyl-triethylphosphonium. 
—The  chlorojdaHnate,  (C«H*)''(C«H»)»HNPCl*.PtCl*,  crystallises  in  rectangular  plates. 

miiylene^trietbyl-inetlkylplioapluuninoiiiiuB.  The  bromide  is  formed  by 
digesting methylamine  with  bromide  of  bromethyl-triethylphosphonium. — The  platinum-' 
saU,  (C*H*)"(0'H»)«(CH»)H«NPa«  PtCl^  crystaUises  in  long  needles,  Tery  sparin^y 
soluble. 

athjtoae-trietliyl^trliiietbjlpliosplimminonliun.  The  bromide  is  produced 
by  the  union  of  trimethylamine  with  bromide  of  bromethyl-triethylphosphoniam. — The 
fiaUntmrMlt,  (C«H<)(C«H»)«(CH«)"NPCl«.PtCl*,  crystallises  in  beautifol  needles. 

IV.  Phosphabsoniuus. 

The  only  salts  of  this  group  yet  discovered  are  those  of — 

Bthylene-liexetfiylplioaplianoiiiiini.  The  bromide,  (G>H«)"(C*H*)^A8Br',  is 
produced  by  digesting  bromide  of  bromethyl-triethylphosphonium  with  triethylarsine 
in  a  sealed  tube.  When  digested  in  the  cold  with  moist  oxido  of  silver,  it  is  converted 
into  the  hydrate,  (CPH*)"(CHYPAs.H«0«,  the  solution  of  which  is  resolved  by  boiling 
into  hydrate  of  oxethyl-triethylphosphonium  and  triethylarsine : 

(0^*nC*H»)«PAsH«0«      -      (C'H»0)(C«H»)«PHO     +     C«H»)«As. 

•   The  hydrate  saturated  with  hydiobromic  or  hydriodic  add  yields  the  bromide  or 
iodide  in  fine  needles. 

The  chloroplatinate,  (C*H*)"(C«H»)«PAsCl«.PtCl«,  is  obtained  by  adding  platinic 
chloride  to  the  aqueous  solution  of  the  phospharsonium-chloride,  as  a  pale  yellow  pi«- 
cipitate  which  is  nearly  insoluble  in  water,  and  c^stallises  from  boiling  hydrochlorip 
acid  in  orange-red  tridinic  prisms,  ooPoo  .  ooPoo  .  oP  *J^»  «  2]^,ao  .  P.  Angle 
ooPoo  :  ooiPoo  -  98<»  8';  oojPoo  :  oP  -  9lo  46';  F  :  odPqo  «  116°  66';  2ta>  : 
oof  00  B  146°  86';  Foo  :  ooPoo  ^  126°  67'.  The  cxystals  deave  paralld  to  ooPoo 
andoP. 

V.  Tbifhosphokivh-covfoukds. 

When  triethylphosphine  is  gradoally  mixed  with  crystals  of  iodqform  as  long  as  any 
rise  of  temperature  is  thereby  produced,  a  light  yellow  visdd  mass  is  formed,  3ie  solu- 
tion of  which  in  boiling  alcohol  deposits  crystals  of  iodide  of  formyl-ennethyltri- 


of  platinum  forms  alight  yellow  precipitate  of  a  platinum-salt,  2(CH)'''(C^*)*PH:;1*. 
8PtCl^  which  crvstaUises  from  boiling  alcohol  in  rectangular  laminae.  The  iodide 
treated  with  oxiae  of  silver  does  not  yield  the  corresponding  hydrate,  but  undergoes 
decomposition,  forming  hydrate  of  methyl-triethylphosphonium  and  oxide  of  triethyl- 
phosphine : 

(CH)"'(0«H»)«P^  +  SAgHO     -     3AgI  +  (CH")(C«H»)»PHO   +  2(C«H»)«P0. 

Triethylphosphine  treated  with  chloroform  or  with  tetrachloride  of  carbon  yields  the 
chloride  of  formyl-enneUiyl-triphosphonium.  (Hofmann,  Proc.  Boy.  Soc.  x.  189 ;  xi. 
290.) 

PBOTOOBaanSTKT.    See  Light,  CHsiacAL  AcnoK  of  (iu.  678). 

PBOTOCUnr.  A  tnm  applied  to  the  light  hydrocarbon  oils  obtained  by  distilling 
coal,  shale,  peat,  ^c.,  at  low  temperatures,  and  used  for  burning  in  lamps.  (See  Par^f- 
xnr,  pp.  344-849.) 

PBOTOCMULPBT.  The  history  of  the  art  of  producing  sun-pictures,  and  a  sketch 
of  the  several  methods,  have  already  been  given  in  the  artide  on  the  Chemical  Action 
of  Light  (iii.  692).  The  present  article  contains  a  more  detailed  account  of  some  of 
the  processes  now  in  use. 
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A.  Proceates  in  which  SUffersalts  are  itstd, 
L  Wet  OoUodum  Proeesa, 

1.  The  photognphio  oollodion  is  prepared  by  dissolving  5  grms.  of  gon-cotton  or 
pyroxylin,  careimly  washed  and  nentral  to  test-paper,  in  a  mixture  of  200  cub.  cent, 
of  alcohol  of  40  per  cent^,  and  800^  cub.  cent  ether  of  62  per  cent. ;  and  to  this  solu- 
tion is  added  a  mixture  of  45  grms.  of  cadmium-iodide  with  a  little  ammonium-iodide, 
and  1*25  grm.  cadmium-bromide  with  a  trace  of  ammonium-bromide^  all  finely  pul* 
▼erised. 

2.  To  prepare  the  sensitive  sur&oe,  a  plate  of  glass  free  from  flaws,  thoroughlr 
cleansed  by  washing  with  water,  nitric  acid,  alcohol,  &c,  and  quite  free  from  dust,  is 
ooTered  with  the  prepared  collodion,  and  plunged  wet  at  <me  dim  in  a  solution  of  rilyer^ 
nitrate  containing  8  pts.  of  the  salt  in  100  pts.  of  water.  The  coagulated  ooUodioa 
then  imprisons  within  its  pores  the  iodide  and  bromide  of  silver  resulting  from  the 
chemical  reaction,  and  thus  forms  a  continuous  sensitive  film.  The  {date  is  then 
exposed  to  the  action  of  light  in  the  camera  for  an  interval  varying  from  30  seconds  to 
5  minutes  according  to  the  intensity  of  the  light 

3.  Developement  of  the  Picture, — ^The  exposure  of  the  plate  in  the  manner  just  men- 
tioned does  not  produce  any  visible  image ;  but  the  iodide  and  bromide  of  silver  in  the 
film  have  undergone  a  certain  diange,  their  atoms  havinff  apparently  acquired  a  certain 
degree  of  mobility,  in  consequence  of  which,  when  submitt^  to  the  action  of  reducing 
agents,  such  as  ferrous  sulphate  or  pyrogallic  add,  they  suffer  decomposition,  the  silver 
being  reduced  to  the  metallic  state  and  forming  an  opaque  metallic  film  on  those  parts 
of  the  surfiuse  which  have  been  exposed  to  the  light  To  effect  this  reduction,  the  sen- 
sitive plate,  immediately  after  its  removal  from  Uie  camera^  is  washed  with  one  of  the 
two  following  solutions : 

Saturated  solution  of  ferrous  sulphate  .  100  c.  c. 

Filtered  water 700  „ 

Glacial  acetic  acid 20  „ 

-.,  Alcohol  of  36® 20  „ 

Water 250  „ 

Acetic  add 20  „ 

^rogallic  add  .  1  grm. 

4.  Strenffthening  {Be^forfoge),  This  neeessaiy  but  verv  delicate  operation  consista 
in  washing  the  plate  with  a  solution  of  2  grms.  nitrate  of  silver,  100  c  c.  distilled  water 
and  5  c.  c.  alcohol, — then  with  one  of  the  developing  solutions  above  mentioned, 
then  again  with  the  strengthening  liquid,  and  so  on,  till  the  picture  has  acquired  Uie 
proper  decree  of  intensity.  Or  instead  of  suljectinff  the  plate  to  these  alternate 
wasnings,  it  may  be  immersed  in  a  mixture  of  the  devwoping  and  strengthening  soln* 
tions  made  just  before  it  is  wanted  for  use.  The  pUte  is  taen  carefully  washed  with 
pure  water. 

5.  Fixing — ^To  remove  the  undecomposed  portions  of  iodide  and  bromide  of  silver, 
and  thus  protect  the  picture  from  the  fiurther  action  of  light,  the  plate  is  immersed  either 
in  a  solution  of  cyanide  offotamum  containing  2  per  cent  of  the  salt,  or  in  a  solution 
of  hg^MmiMite  of  mdium  containing  26  per  cent,  then  washed  caiefhlly  with  a  large 
quantitr  of  water. 

The  last  operation  consists  in  vamieking  the  picture,  the  plate  having  been  pre- 
viously heat^  so  that  the  varnish  may  spread  over  it  unifiarmly. 

The  picture  obtained  by  this  process  is,  as  already  observed  (liL  693),  a  negative 
picture,  the  parts  most  strongly  acted  upon — ^which  of  ^  course  correspond  with  the 
orightest  parts  of  the  object — being  the  da^est  To  obtain  positive  pictures,  a  sheet 
of  white  paper  of  good  quality  is  covered  on  one  surfkce  with  a  layer  of  albumin  mixed 
with  a  convenient  quantity  of  sal-ammoniac  It  is  then  rendered  sensitive  by  laying 
it  for  a  while  on  a  solution  of  nitrate  of  silver  of  the  strength  of  15  per  cent,  taking 
care  to  avoid  the  presence  of  air-bubbles  between  the  paper  and  the  surfiice  of  the  liquid. 
The  albumin  thus  becomes  impregnated  with  chloride  of  silver.  The  paper  thus  pre- 
pared is  placed  when  dry  behind  the  negative  picture,  and  exposed  to  light,  whereby 
the  chloride  of  silver  is  reduced  on  those  parts  which  are  behind  the  transparent  parts 
of  the  negative,  while  those  portions  of  the  surfiu:e  which  are  behind  the  opaque  parts 
of  the  negative  remain  unaltered. 

The  silver  thus  reduced  has,  however,  an  unpleasant  red  colour,  and  to  obtain  a 
darker  and  more  agreeable  tint,  the  picture  is  steeped  in  a  gold-bath  composed  of 
1000  erms.  distilled  water,  30  grms.  neutral  acetate  of  sodium,  and  1  grm.  trichloride 
of  ffoM  mixed  with  chloride  of  potassium.    As  soon  as  the  desired  tint  has  been 
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obtained,  an  eflfoet  whieh  10  rapidlj  prodaced  at  the  tempentue  of  26^  C,  tbe  pietors 
18  to  be  fixed  by  immersing  it  in  a  bath  composed  of  600  gnus,  distilled  water  and 
100  enns.  hyposulphite  of  sodium,  then  washed  several  times  during  12  honrs  with 
distiUed  water.  These  operations  of  toning  and  fixing  rnnst  be  performed  in  a  room 
from  which  daylight  is  excluded. 

To  ensure  success  in  the  process  above  described,  attention  must  be  paid  to  certain 
precautions :  1.  The  silver-bath  used  for  obtaining  the  negative  must  be  slightly 
acid.  If  it  is  neutral  or  basic,  the  image  will  be  cloudy  and  deficient  in  strengtii  in 
the  darker  points ;  if  it  is  too  add,  the  production  of  the  picture  takes  place  slowly.  If 
it  is  either  supersaturated  or  insufficiently  charged  with  iodide  of  silver,  especially  if  the 
film  of  collodion  is  not  very  thick,  the  negative  obtained  will  be  full  of  holes. — 2.  Tho 
glass  must  be  firaefirom  defects  and  thoroughly  freed  from  dust^  otherwise  partial  reduction 
•f  the  silvertakes  place  before  the  plate  is  exposed  to  the  action  of  the  developing  solution. 

The  great  objection  to  photQ^phs  on  paper  is  their  alterabilily.  In  connection 
with  t&B  the  following  fact  is  mterestiug.  The  hyposulphite  of  sodium  used  for 
removing  the  excess  oi  silvezHshloride  forms  sodio-aigentic  hyposulphites^  one  of 
which  being  but  very  slightly  soluble,  remains  in  the  paper  and  gradually  decompofles, 
ultimately  destroying  the  picture ;  whereas  the  other,  which  is  formed  when  the  hypo- 
sulphite of  sodium  is  in  large  excess,  is  very  soluble,  so  that  when  the  latter  condition 
is  nilfilled,  the  subsequent  washing  removes  nearly  all  if  not  the  whole  of  the  alterable 
substance  remaining  on  the  paper.  Photographs  fixed  within  the  last  few  years 
with  due  attention  to  this  circumstance  have  remained  unaltered  up  to  the  present  time. 

The  author  of  this  article  proposed  two  yean  ago  to  remove  the  hyposulphites  by 
the  use  of  chlorine-water,  free  from  hydrodiloric  acid,  and  added  in  proportion  to  the 
quantity  of  hyposulphite  which  might  remain  in  the  picture :  an  excess  would  ^ve 
nae  to  the  chlorination  of  the  gold  and  silver  in  the  picture.  The  hyposulphite  might 
also  be  converted  into  sulphate  by  means  of  a  solution  of  ozyeenated  water,  recently 
prepared  with  peroxide  of  barium  and  carbonic  acid,  and  freed  from  excess  of  the  latter 
by  means  of  baryta^water. 

Direct  Positives  on  Glass, — ^The  picture  obtained  on  a  sensitive  collodion  plate  by 
very  short  exposure  in  the  camera,  and  very  slight  developement,  may  serve  as  a 
positive  when  placed  upon  a  black  ground.  Under  these  conditions,  the  very  small 
quantity  of  silver  reduced  on  the  lights  of  the  picture  conceals  the  black  g^und,  and 
appears  white,  whilst  in  the  parts  corresponding  to  the  shadows  of  the  object  no  silver 
is  reduced,  and  the  black  ground  shows  through.  The  collodion  for  these  pictures  is 
prepared  with  800  c.  a  water,  125  c.  c  alcohol,  and  3  grms.  pyroxylin ;  and  to  this  is 
added  a  mixture  of  176  c.  c.  alcohol,  7  grms.  iodide  of  ammonium,  and  0*7  grm. 
nitrate  of  silver.  The  plate  is  rendered  sensitive  by  immersion  in  a  bath  of  silver- 
nitrate  containing  6  per  cent,  of  the  salt  acidulated  with  a  few  drops  of  nitric  acid ;  and 
after  a  very  short  exposure  in  the  camera^  the  picture  is  developed  with  a  mixture  of 
100  c.  c.  saturated  solution  of  ferrous  sulphate,  600  grms.  water,  20  grms.  acetic  add, 
20  grms.  alcohol,  and  6  grms.  sulphurio  add,  and  &ced  wiUi  cyanide  of  potasdum. 
Lastly  the  back  of  the  glass  plate  is  covered  with  a  mixture  of  oil  of  turpentine, 
Mecca  balsam,  and  lamp-black. 

n.  Dry  CoUodion  Process* 

This  process,  which  differs  from  the  preceding  only  in  the  mode  of  obtainine  the 
negative,  has  the  advantage  of  enabling  the  operator  to  prepare  beforehand alaige 
supply  of  senntive  plates,  and  thus  to  tsJce  a  considerable  number  of  pictures  on  lae 
same  day,  a  convenience  which  is  espedally  valuable  in  landscape  photography. 

The  best  mode  of  proceeding  is  to  cover  the  collodion  plate — ^rendered  sensitive  as 
usual  by  immersion  in  a  slightly  acid  silver-bath,  then  washed  several  times  in  dis- 
tilled water — ^with  a  solution  of  tannin  freed  from  resinous  matter  and  having  a 
strength  of  8  per  cent  The  plates  thus  prepared  are  as  sensitive  after  the  lapse  of 
several  months  as  immediately  after  preparation.  The  picture  is  developed  with 
pyrogallio  add. 

OUier  modifications  of  the  dry  collodion  process  areTamponot's  process  with  albn- 
miuised  collodion,  and  those  in  which  the  dry  collodion  film  is  covered  with  sugar,  honey, 
metagelatin,  &e. ;  but  none  of  these  are  equal  to  the  tannin  process  just  mentioned, 
which  is  due  to  Major  Bussell. 

III.  Albumin  Process  on  Glass, 

This  process,  due  to  Niepce  de  St.  Victor,  indudes  the  taking  of  both  negatives 
and  positives  on  albuminised  plates.  A  layer  of  albumin  impregnated  with  iodide  of 
potassium  is  rendered  sendtive  in  a  bath  composed  of  100  grms.  water,  10  grms. 
nitrate  of  silver,  and  10  grms.  aeetio  add.    The  picture  is  devdoped  with  gallic  add. 
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fixed  with  bypoflolphite  of  Bodinm,  and  brought  to  an  agreeable  tint  bj  means  of 
ehloride  of  merenij  or  chloride  of  gold. 

B.  Pkotograj^iic  Proees»eB  without  SUversalts. 

1.  Vhoiographf  with  Carbon,  Ferrous  salts  or  Uraniutn'salts. — Of  these  three 
methods,  the  first  is  that  which  yields  the  best  results.  It  depends  on  the  action  of 
light  on  the  salts  of  chromic  add  and  on  gelatin  or  a  similar  substance. 

A  sheet  of  paper  impregnated  with  these  matters  is  placed  behind  a  negative  and 
exposed  to  light,  whereby  the  substances  are  rendered  insoluble  in  the  parts  corres- 
ponding to  the  transparent  portion  of  the  negative,  and  therefore  to  the  dark  parts 
of  the  oiiffinal  objectw  The  parts  thus  altered  are  alone  capable  of  retaining  por* 
phyrised  Mack,  or  coloured  powders,  or  lithographic  ink,  subsequently  applied  to  the 
surface  of  the  paper. 

The  processes  depending  on  the  use  of  ferrous  and  nranie  salts  present  no  particular 
interest. 

2.  The  processes  of  photolithograp'hy,  photozincography,  that  called 
heliography  discoyered  by  Niepce  in  1827,  and  photogalvanography  are 
descried  in  the  article  Light  (iii.  694).  The  last-mentioned  process,  depending  upon 
the  property  possessed  by  certain  substances,  chromatised  gelatin  for  example, 
of  losing,  by  insolation,  the  power  of  swelling  up  in  water,  or  when  exposed  to  the 
action  of  steam,  was  invented  by  M.  Poitevin,  and  has  lately  been  much  improved 
by  a  very  skitful  operator  of  Paris,  M.  Villeneuve,  who  has  advantageously 
modified  the  manipiuations,  and  replaced  the  gelatin  by  another  substance,  the  com- 
position of  which,  however,  he  keeps  secret.  The  impressions  obtained  from  the 
plates  formed  by  his  process  are  extremelv  delicate. 

For  further  details,  seePelouzeetFrdmy,  ISraiti  de  Chimie^  3b»  ed.iii.  1429-1486. 

A  method  of  measuring  the  relative  sensitiveness  of  different  photographic  papers  is 

described  by  A.  McDougall  in  the  Journal  of  the  Chemical  Society,  vol.  xviii.  p.  183. 

A.H. 


C"H»«0«.  (F.  Sentini,  Bull  Soc.  Chim.  1864,  ii.  21; 
1865,  L  271.) — A  neutral  substance,  produced,  together  with  formic  acid,  by  the  action 
of  li^ht  on  santonin.  The  change  takes  place  slowly  under  the  influence  of  diffused 
dayhghty  more  quickly  on  exposing  santonin,  either  dry  or  in  contact  with  water,  to 
the  action  of  the  <^rect  solar  rays ;  but  the  transformation  is  not  complete  even  after 
three  months'  exposure.  A  better  mode  of  effecting  it  is  to  expose  an  alcoholic  solution 
of  santonin,  freed  from  air  by  passing  carbonic  anhydride  through  it  and  then  sealing 
it  in  a  tube,  to  sunshine  for  about  a  month.  The  liquid  then  acquires  a  yellow  colour, 
and  when  it  is  subsequently  mixed  with  about  fifteen  times  its  volume  of  water,  the 
photosantonin  separates  in  oily  drops,  which,  in  the  course  of  a  day  or  two,  crystallise 
m  white  laminse :  it  may  be  purified  by  two  or  three  crystallisations  firom  alcohol. 
The  last  portions  which  separate  have  a  yellow  colour,  arising  from  a  resinous  sub- 
stanoe ;  tiiis  may  be  dissolved  out  by  leaving  the  photosantonin  for  two  days  in  con- 
tact with  cold  potash-ley,  which  also  frkvours  the  crystallisation  of  the  photosantonin. 

Photosantonin  is  colourless  and  transparent^  destitute  of  odour,  but  has  a  slight  bitter 
taste.  It  ciTstallises  in  square  plates,  which  have  no  action  on  pobirised  light,  k  char 
xaeter  by  which  this  substance  is  easily  distinguished  from  santonin.  It  mdfts  between 
64^  and  66^  beffins  to  give  off  vapour  at  180^,  and  boils  at  805^.  It  is  insoluble  in 
cold  water,  but  dissolves  in  boiling  imk^  sufficiently  to  impart  a  distinctly  bitter  taste ; 
alcohoi  and  ether  dissolve  it  in  large  quantity,  forming  very  bitter  solutions. 

Photosantonin,  exposed  to  the  air  for  nine  or  ten  months  at  100^,  diminishes  slightly 
in  weight,  and  is  partlv  converted  into  a  yellow  resin  soluble  in  potash.  In  contact 
with  strong  nitric  acidy  it  liquefies,  forming  drops  which  float  on  the  acid.  Strong 
sidphurie  arid  colours  it  orange-yeUow,  and  then  deoompoees  it. 

VBTKAULMXO   AOIB.    CH'NO*  »  (<>H'0*)%g.    (Marignac,  Ann.  Gh. 

Phaim.  xliL  219. — ^Laurent,  Bev.  scient  ziii.  601.) — ^Produced  by  the  action  of 
aqueous  ammonia  on  phthalio  anhydride.  Crvstallises  in  a  mass  of  fine  fiexible 
needles,  forming  an  ada  solution  with  water.  It  gives  off  water  between  100^  and 
129^,  and  is  converted  into  phthalimide,  C'H'NO*,  which  sublimes  at  a  higher  tempe- 
xatuze.  The  aqueous  solution,  after  boilmg  for  some  time,  yields  phthalate  of  ammonium 
on  evsporatioiL 

Phthalamate  of  sthsr^  CH'AgNO',  is  a  white  precipitate,  composed  of  aystalline 
scales  if  formed  with  boiling  solutions.  It  is  quite  insoluble  in  water;  mJts  when 
heated,  and  decomposes  without  explosion. 

s  8  2 
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Phenyl-phthalamic  acid,  C'^HONO*    -    (C^'OyV^.-^Obtamedbyboiliiig 

phenyl-phthalimide,  C'^H'NO* ,  with  aqueous  ammonia  oontaining:a  little  aloohd.  The 
liquid,  if  neutraliBed  with  nitric  acid  while  still  hot»  yields,  on  cooling,  *  fine,  iiregu- 
larly  laminated  crystalline  mass  of  phen^l-phthalamic  acid.  The  add  is  veiy  slightly 
soluble  in  cold  water,  but  dissolves  easily  in  alcohol.  When  fused  with  potash  at  a 
gentle  heat,  it  gives  off  aniline.  When  saturated  with  ammonia^  it  gives  a  white  precipi- 
tate with  nitrate  of  siLver.    (Laurent  and  Gerhardt,  Ann.  Ch.  Phys.  [8]  xxiv.  188.) 

>HTlf  AliAMllia*  CH'NO'. — ^A  base  produced,  together  with  naphthylamine, 
by  the  action  of  ferrous  acetate  on  nitronaphthalene.  The  two  bases  may  be  separated 
by  treating  the  crude  product  with  sulphuric  acid,  the  sulphate  of  phthajaminop 
2C*H*yO^H%0«.2H*0,  beinff  more  soluble  than  the  napbthylamine  salt. 

Phthalamine  is  precipitated  from  the  solution  of  its  sulphate  by  ammonia  in  oily 
drops,  which  are  heavier  than  water  and  taste  like  napbthylamine :  its  salts  do  not 
redden  so  easily  on  exposure  to  t^e  air  as  those  of  the  latter.  The  base  heated  to  100^ 
with  iodide  of  ethyl,  solidifies  in  a  few  minutes  to  a  laminar  mass  of  iodide  of 
ethvl-phthalamine,  C"H"(0^*)NO'I(?X  which  when  treated  with  ammonia 
yields  an  oily  base,  altering  on  exposure  to  the  air,  and  volatilising  at  about  300**. 
(Schntzenberger  and  Willm,  J.  pr.  Ghem.  Ixxiv.  75.) 

PBTHA&XC  ACZB.   C"H"0«  -  (^'^^)"|o'.    Migarie  aeid,  Nn^htkalie  oeieL 

(Laurent,  Ann.  Ch.  Phy6j21  Ixi.  113;  Marignac,  Ann.  Ch.  Pharm.  zlil.  215; 
Schunck,  ibid.  Ixvi.  197;  Wolff  and  Strecker,  ibid,  Ixxv.  12,  25 ;  Hugo  Miiller, 
Epistolary  eommunication.) — An  add  produced  by  the  action  of  nitric  add  on  naph- 
thalene^ dichloride  of  naphthalene,  alizarin,  and  purpurin : 

C»H«     +  0«         »      C"H«0*     +     C*H«0«. 

Naph-  KhthAlic  Oxalic 

thalene.  acid.  acid. 

C'«H«0»     +  HK)  +  0«     -      C«H«0«    +     C«BPO*. 

Alliario . 

2C»H*0«    +  H«0  +  0»      «    2C«H«0*     +     CHH)*. 

Purpurin. 

It  is  usually  prepared  by  treating  dichloride  of  naphthalene  with  boiling  nitric  acid. 
The  dichloride  dissolves  slowly  with  evolution  of  nitrous  vapours,  and  the  solution, 
when  left  to  itself,  dejposits  crystals  of  phthalic  add,  which  may  be  purified  by  re- 
crystallisation  from  boiling  water.  The  mother-liquor  contains  oxalic  add.  Small 
quantities  of  phthalic  acid  are  found  in  the  mother-L'quors  obtained  in  preparing  the 
nitro-derivatives  of  naphthalene. 

Phthalic  add  may  also  be  prepared  by  digesting  mut^jistin  (a  body  closely  related 
to  alizarin  and  purpurin,  iii.  1061)  with  moderately  strong  nitric  add.  The  resulting 
solution  evaporatea  over  the  water-bath  leaves  a  white  crystalline  mass,  consisting  of 
phthalic  add  contaminated  only  with  a  little  oxalic  add.  The  latter  is  easily  removed 
by  washing  the  mass  with  cold  water  and  pressing  between  bibulous  paper,  or  by  neu- 
tralising l£e  mixture  of  the  two  adds  with  lime,  and  then  treating  U;  with  boiling 
water,  which  dissolves  the  phthalate  of  caldum.  (Stenhouse,  Ann,  c^.  Phaim. 
cxxx,  334.) 

Phthalic  add  ciystallises  in  white  nacreous  laminse  arranged  in  rounded  groups.  It 
is  sparingly  soluble  in  cold  icateTf  but  dissolves  easily  in  alcohol  and  ether.  Sy  distilla- 
tion it  is  converted  into  phthalic  anhvdride ;  this  process  is  recommended  by  Stenhouse 
for  the  purification  of  the  add.  When  distilled  with  excess  of  lime  (or  any  caustic 
alkali)  it' is  refjolved  into  benzene  and  a  carbonate  (Marignac,  Schunck) : 

C«H«Q*     +     SCa'O         -        C*H«     +     2CCa"0»; 

but  by  distillation  with  a  smaller  proportion  of  lime,  it  is  converted  into  carbonate  and 
benzoate  of  caldujn : 

2C«H«0*     +     SCa^O        »        C"H'»Ca"0*     +     2CCa''0«     +     H»0. 
or 

2(yB*CBrO*     +     Ca"H«0«     =        C>«H'«Ca''0«     +     2CCa''0». 

This  latter  reaction  is  used  by  P.  and  £.  Bepouilly  (BulL  Soc.  Chim.  1864,  i  163) 
for  the  industrial  preparation  of  benzoic  add  (to  be  employed  in  the  manufiictDre  of 
certain  aniline  colours).  The  phthalic  add  required  for  the  purpose  is  obtained  by 
treating  dichloride  of  naphthalene  with  hydrochloric  add  and  chlorate  of  potassium. 

Phtlialates.  Phthalic  add  is  dibasic^  forming  add  salti^  C*H*HO\  and  neutral 
salts,  (?H*NLH)\ 
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TRie  acid  ammtmiuu^salt,  G*H*(NH*)0^  nsoally  crystallises  in  prisms  tenninated  by 
four*  or  eight-sided  pyramids,  frequently,  also  in  hexagonal  plates.  The  crystals  belong 
to  the  trimetric  system.  Observed  combination  oP  .  P  .  !^ao .  Angle  oP  :  P  ■■  112^ ; 
P  :  P  -  133®  60';  oP  :  Poo  »  127°;  too  :  f  oo  -  103°  30'.  Cleavage  easy  parallel 
to  oP.  It  is  vezy  soluble  in  water,  sparingly  soluble  in  alcohol,  and  is  resolved  by 
heat  into  water  and  phthalimide.  The  poiassiumr  and  wdium-salts  crystallise  in  veiy 
soluble  scales. 

The  barium-salt  ciystallises  in  slightly  soluble  scales,  which  may  be  obtained  by 
pouring  a  strong  solution  of  the  ammonium-salt  into  chloride  of  barium.  The  ealcium- 
Mlt,  obtained  by  dissolving  calcic  carbonate  in  the  aqueous  acid,  resembles  the  barium- 
salt.    Its  decomposition  by  heat  has  been  already  described. 

The  lead-salt,  (7HTb"0\  is  obtained  in  white  scales  on  mixing  the  boiling  solutions 
of  acetate  of  lead  and  phtludate  of  ammonium. 

The  silver-salt,  C£t*Ag*0\  obtained  in  like  manner  by  precipitation  from  boiling 
solutions,  is  a  white  crystalline  precipitate  which  requires  prolonged  washing,  as  it 
obstinately  retains  nitrate  of  ammonium.  It  is  moderately  soluble  in  water.  It  ez" 
plodes  when  quickly  heated,  but  if  the  heat  be  cautiously  applied,  the  salt  blackens^ 
then  melts  .and  decomposes. 

The  sine-salt  is  obtained  by  evaporation  as  a  crystalline  powder  nearly  insoluble  in 
oold  water. 

Sttbsiiiution-derivatives  of  PhthaXic  acid, 

Phthalicacid  r&ists  in  a  remarkable  degree  the  action  of  chlorine,  bromine,  sulphuric 
anhydride  and  nitric  acid,  and  it  is  only  with  great  difficulty  that  substitution-com- 
pounds can  be  obtained. 

Bromoplfctltallo  Aoid«  Bromine  heated  with  phthalic  acid  in  a  closed  tube,  does 
not  seem  to  act  upon  it,  but  if  water  is  present  and  the  temperature  is  raised  to  about 
170^,  bromophthalic  acid  is  formed.  This  acid  crystallises  readily  in  foliated  crystals 
which  are  soluble  in  water,  and  sublime  when  heated,  after  fusion,  without  decomposi- 
tion.    The  silver-salt  is  a  crystalline  precipitate  somewhat  soluble  in  water. 

Bromojphthalic  acid  is  remarkably  stable,  and  can  be  boiled  with  water  without 
decomposition.  The  bromine  cannot  be  removed  by  the  action  of  potash  or  of  silver- 
salts,  in  which  respect,  bromophthalic  acid  comports  itself  very  differently  from  the 
analogous  compound  bromosnccinic  add.  (H  n  go  M  ii  1 1  e  r.) 

Cbloropbtliallo  aotds.  Chlorine  in  the  free  state,  or  in  the  form  of  antimonic 
chloride,  has  no  action  on  phthalic  acid,  the  only  known  chlorinated  derivatives  of 
this  add  being  those  which  are  obtained  indirectly  by  the  action  of  nitric  acid  on  the 
chloronaphthidenes. 

Dichlorophthalic  acid,  CH^Cl'O^,  was  once  obtained  (together  with  another 
acid,  probably  di-  or  tri-chloronapthalie  add)  in  the  preparation  of  chloroxvnaphthalio 
(chloronaphthalic)  add  (p.  14).  On  saturating  the  Ixnling  alcoholic  solution  with 
potash,  the  potasdum-salt  separated  in  silveiy  Uuninie,  having  when  dried  at  100^,  the 
composition  C^E?a*KH)\    (Wolff  and  Strecker,  Ann.  Ch.  Pharm.  Ixxv.  16.) 

Trichlorophthalio  acid,  C'H'Cl'O^ — ^When  hexchloronaphthalene  is  boiled  for 
several  days  with  nitric  add  and  the  product  is  mixed  with  water,  a  resinous  mass 
separates  out,  and  the  solution  yields  on  evaporation,  a  crystalline  magma  of  trichloro- 
|»hthalic  add,  which  alter  repeated  pressure  between  blottins  paper  and  recrystallisa- 
tion  from  boiling  water,  is  ootained  in  crystalline  grains.  It  is  very  soluble  in  water, 
alcohol  and  ether.  When  heated,  it  is  resolved  into  water  and  trichlorophthalic 
anhydride,  CHCIK)'.  The  ammonium-salt  forms  a  white  predpitate  with  suits  of 
silver.    (Laurent) 

.  Vitrophtluaio  aeia,  C^'NO'  -  C^*(KO*)0<.— This  acid  is  best  prepared  by 
the  prolonged  action  of  nitric  add  upon  naphthalene.  It  is  contained  in  the  mother- 
liquors  from  which  the  nitronaphthalenes  (p.  16)  have  been  depodted,  and  may  be 
separated  therefrom  by  evaporating  the  liquid  to  a  syrup,  dissolving  the  reddue  in 
water,  filtering,  and  again  evaporating.  The  last  mother-uquors  also  contain  phthalic 
add  (Laurent,  Marignac). — ^Nitrophthalic  acid  is  also  formed,  together  with  other 
products,  when  phthalic  acid  is  treated  with  pure  nitric  add,  or  with  a  mixture  of 


nitric  and  sulphuric  adds.    (Hugo  Miiller.) 
Nitrophthalic  acid  crystallises  in  yellow  pla 


plates,  derived  from  a  monodinic  prism,  but 
ozdinariW  rendered  hexagonal  by  tie  truncation  of  the  acute  angles  of  the  rhombus. 
Angle  oP  :  ooP  -  104« ;  odP  :  ooP  »  about  126° ;  oP :  ooPoo  -  124°  Most  of 
the  crystals  are  hemitropic  The  add  is  moderately  soluble  in  boiling  water,  sparingly 
soluble  in  odd  water,  eadly  in  alcohol  and  ether.    Y^hon  slightly  heated  in  a  tube  it 
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vidds  a  sublimate  of  nitiophthalic  anlijdride,  togedier  with  watar;  iHien  snddeiily 
heated,  it  clears  and  ^ves  dBf  Ditrous  yapoiuv. 

Nitrophthalic  acid  is  dibasic,  forming  acid  and  neatral  salts. 

The  acid  ammonium-talt,  (7H«(NH«X^0*)0«.2H*0,  is  deposited  on  ^ooriiig  a 
small  quantity  of  nitric  add  into  the  solution  of  the  neatnd  salt,  sometimes  in  pnsms 
with  pyramidal  summits,  but  more  often  in  heragonal  and  riiomboidal  plates.  It  does 
not  give  off  any  water  at  120^,  but  when  heated  till  it  begins  to  melt,  it  giTes  off 
water  and  is  conyerted  into  nitrophthalimide  (p.  632). 

yeutral  ammonium-salt,  C"H«(NH«)>(NO')0«.— When  an  ammoniacal  solution  of 
nitrophthalic  acid  is  left  to  evaporate,  it  deposits  chiefly  shining  lamine  of  the  acid 
salt ;  but  among  these  are  sometimes  found  thicker  but  smaller  OTstals  of  the  neutral 
salt,  which  may  be  picked  out  with  a  pair  of  forceps.  This  salt  crystallises  in  monodinic 
prisms  usually  having  their  obtuse  edges  truncated.  Angle  oP  :  odP  »  103^; 
obP  :  ooP  -  about  127®. 

The  solution  of  the  neubral  ammonium-ealt  forms  with  solution  of  batium-chloridei, 
even  when  very  dilute  and  boiling,  a  white  ciystalline  precipitate;  with  the  chlorides  of 
strontium  and  calcium,  white  precipitates,  not  however  from  dilute  solutions ;  with  mer- 
cuious  nitrate,  nitrate  of  silver  and  nitrate  of  lead,  white  predpitates.  It  does  not 
predpitate  sulphate  of  maffnesium,  fenous  sulphate  or  cupric  sulphate. 

The  barium-salt,  G'H^Ba"(NO*)0«,  is  a  light  yeUowish-white  powder,  aohTdrmn 
after  drying  at  130®.  It  is  quite  insoluble  even  in  excess  of  boiling  nitzophthalie 
add. 

The  neutral  Uad-salt  has  not  been  obtained.  On  pouring  acetate  of  lead  into  a  soIik 
tion  of  the  ammonium-salt^  a  flocculent  predpitate  is  form^  which  diangea  on  boiling 
to  a  yellowish  powder,  insoluble  in  water,  and  consisting  of  a  hatio  mA^ 
e'H«Pb"(NO')0*JPb''0. 

The  silver-salt,  CH'Ag'(NO*}0\  is  a  white  precipitate,  insoluble  in  water,  and 
decomposing  quiddy,  with  emission  of  lights  when  strongly  heated. 

Dinitrophthalie  acid,  C"HXN0*}*O.-- When  phthalic  add  is  treated  with  pure 
nitric  acid,  or  with  a  mixture  of  nitnc  and  sulphuric  adds,  a  variable  quantity  of 
nitrophthalic  acid  is  obtained,  whilst  some  of  the  phthalic  add  remains  unaltered,  and 
another  portion  is  converted  into  a  mixture  of  several  new  acids,  one  of  which  is 
the  dinitrophthalic  acid.  This  latter  add,  together  with  the  other  new  scids,  is  also 
obtained  by  the  prolonged  action  of  nitric  acid  on  naphthalene  and  the  chlorinated 
naphthalene.     (HugoMiiller,  Zeitschr.  Ch.  Pharm.  1863,  p.  267.) 

Amldopbtlialio  aold*  C*H*(NH')0^ — ^This  substance  is  prepared  by  the  action 
of  sulphydrate  of  ammonium  on  nitrophthalic  acid,  or  more  readily  by  the  action  of 
metallic  iron  and  acetic  acid  on  the  latter  add.  On  bringing  in  contact  a  concentrated 
solution  of  nitrophthalic  add  with  iron  and  acetic  acid,  reaction  soon  sets  in  with 
elevation  of  temperature.  The  mass  is  to  be  kept  for  some  time  in  a  warm  place,  and 
aft^r  all  action  has  ceased,  the  brown  powder  formed  is  separated  as  completely  ss 
possible  from  the  metallic  iron,  and  exposed  for  some  time  in  a  moist  state  to  uie  action 
of  air,  in  order  to  prevent  ferrous  oxide  from  entering  into  solution  on  the  subsequent 
treatment  with  caustic  ammonia.  The  resulting  product  is  exhausted  with  wann 
ammonia,  and  the  filtered  solution  is  evaporated  and  exposed  for  some  time  to  the  heat 
of  the  water-bath.  The  amidophthalic  acid  cannot  be  predpitated  ftom  its  ammoniacal 
solution  by  the  addition  of  an  add;  it  is  best  to  expel  the  ammonia  by  heat  On 
treating  the  remaining  mass  with  water,  part  dissolves,  which  is  to  be  again  evaporated 
and  exposed  to  heat.  The  insoluble  dirty-yellow  residue  consists  of  impure  amido- 
phthalic add,  which  is  best  dissolved  in  water  or  alcohol,  and  then  treated  with  animal 
charcoal.  On  cooling,  the  amidophthalic  acid  crystallbes  out  in  the  form  of  lemon- 
yellow  fibrous  crystals  having  a  silky  lustre. 

Amidophthalic  acid  is  veiy  little  soluble  in  UHtter  or  alcohol  at  ordinary  tempera- 
tures, but  more  so  at  an  elevated  temperature^  forming  greenish-yellow  solutions  which 
exhibit  a  most  remarkable  green  fluorescence  veiy  much  like  that  of  uranium-saltii 
(See  AmDOTKBEFHTHALic  Acid  under  Teskphthauc  Acid.^ 

Amidophthalic  acid  combines  with  adds  and  with  alkalis.  The  hydrodilorie  add 
compound  forms  colourless  foliated  crystals  which  in  contact  with  water  or  moist  air 
become  yellow  by  losing  their  add.  The  compound  with  sulphuric  add  reaemblea 
the  former. 

On  boiling  for  some  time  a  solution  of  amidophthalic  add  with  hydrochloric  or  sul-^ 
phuric  acid,  a  new  add  is  formed,  which  is  colourless,  ciystalUses  well,  possesses  a 
sweet  taste  and  is  readily  soluble  in  water  and  alcohol.  This  new  add  appears  to  be 
isomeric  with  the  yellow  amidophthalic  add.  On  treating  nitropht&alic  aad  with  zinc 
or  tin  and  hydrochloric  acid,  no  yellow  amidophthalic  add  is  obtained,  apparently 
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because  the  hfdxoMone  acid  preaent  ooiiTerts  it»  aa  aoon  aa  it  ia  formed,  into  the  aoluble 
modification  just  mentioned. 

Amidophthalic  acid  shows  a  peeoliar  deportment  to  caustic  alkalis.  CauaUe  potash 
diBflr>lTe6  the  acid  with  facility  to  a  pale  yellow  liquid  which  on  eTapovation  yields  a 
crystalline  mass  very  soluble  m  water.  Addition  of  an  acid  to  this  solution  however 
does  not  precipitate  the  amidophthalic  acid,  as  might  be  expected  from  its  degree  of 
solubility,  but  it  will  do  so  on  mixing  with  sal-anmioniac  and  evaporating  to  dryness. 
— Ammonia  dissolree  amidophthalic  acid  with  diificulty ;  the  solution  behaves  like  the 
potash-solution  but  deposits  the  acid  again  on  evaporation. 

On  passing  a  current  of  nitrotu  acid  into  an  alcoholic  solution  of  amidophthalic  acid, 
nitrogen  is  evolved  and  a  granular  brownish-red  precipitate  is  formed,  which  is  tiie 
analogue  of  Griess's  diazobenzo-amidobenzoic  acid  (p.  292). 

Asopbtliallo  aoIOt  CH*NO^ — On  treating  ablution  of  nitrophthalic  add  with 
sodium-amalgam,  no  hydrogen  is  ^ven  ofi^  but  the  solution  gradually  turns  yellow  and 
brown.  The  product  of  this  reaction  is  to  be  saturated  with  acetic  acid,  which  separates 
some  resinous  matter.  On  addition  of  hydrochloric  acid,  a  yellow  crystalline  precipitate 
is  formed,  which  after  purification  forms  azophthalic  acid.  This  acid  is  of  an  orange 
colour,  and  crystallises  from  dilute  aqueous  or  alcoholic  solution  in  well  developed  but 
small  crystals  of  a  deep  orange  colour.  It  dissolves  vexy  slightly  in  cold  water,  more 
so  in  alcohol,  especially  when  warm. 

The  asophthalates  are  all  coloured  either  yellow  or  orance. 

The  potassium-salt  crystallises  well  and  is  vexy  soluble  in  water. 

The  amnumium-salt  resembles  the  former ;  it  does  not  lose  ammonia  on  being  kept 
in  a  warm  place  for  some  time. 

The  barium-salt  is  a  yellow  ciystalline  precipitate. 

•Azophthalic  acid  appears  not  to  form  an  ether  on  passing  hydrochloric  acid  into  its 
alcoholic  solution. 

This  acid  is  the  analogue  of  the  azobenzoic  add  which  Strecker(Ann.  Ch.  Pharm. 
cxxix.  129)  obtained  by  the  action  of  sodium-amalgam  on  a  solution  of  nitrobenzoate 
of  sodium.    (Hugo  Miiller.) 

Asozjplitliallo  Add.  When  an  alcoholic  solution  of  nitrophthalic  add  is  heated 
for  some  time  with  an  alcoholic  solution  of  potash,  the  mixture  turns  brown,  and  if 
treated  in  the  way  just  mentioned  under  azophthalic  add,  yields  azoxyphthalic  acid. 
This  acid  resembles  the  former,  but  has  more  of  a  lemon-yellow  colour.  It  forma 
small  prismatic  ciystsls,  and  yields  crystalline  salts  with  most  metals.  (Hugo 
MuUer.) 

VBTSA&XO  AnnsIBB.  G*H«0*.  PkthaUde.  PyroaUzario  oom?.— Obtained 
by  distilling  phthalic  add.  Sublimes  in  fine  elastic  needles,  the  transverse  section  of 
which  is  a  rhombus  of  629  and  128^.  It  dissolves  slif^tly  in  cold  water,  more  easily  in 
boiling  water,  reproducing  phthalic  add.  It  is  very  soluble  in  alcohol  and  ether,  melts 
at  106^,  and  crystallises  m  a  fibrous  mass  on  cooling.  It  dissolves  completely  in 
aqueous  ammonia,  with  considerable  rise  of  temperature,  and  the  solution  yields  on 
evaporation  a  mass  of  slender  flexible  needles,  apparently  consisting  of  phthalamic  add 
or  phthalamate  of  ammonium. 

Trickloropkthalic  anhydride,  C'HCl'O',  is  produced  by  distilling  trichlorophthalio 
add.  It  is  colourless  and  crystallises  in  needles  from  fVision.  It  unites  with  ammonii^ 
forming  a  salt  which  gives  a  white  predpitate  with  nitrate  of  silver. 

Nitrophthalic  anhydride,  C*H'(NO*)0*,  is  obtained,  by  subliming  nitxophthalic  add 
at  a  gentle  heat,  in  long  white  needles  whose  transverse  section  is  a  rhombus  of  52^ 
and  128^.    It  is  vexy  httle  soluble  in  water.    (Laurent*  Marignae.) 

vnXA&ZO  BTSaBfl.  The  ethyl-,  amyl-  and  phenyl-ethers,  0^¥C*H*W>«, 
ftc,  are  heavy  oily  liquids  produced  by  the  action  of  the  correraonding  alcohols  on 
ehloride  of  phthalyl  (H.  Miiller).  The  ethylie  ether  is  also  procfuced  by  boiling  the 
acid  or  anhydride  wiUi  alcohol    (Laurent.) 

L    Syn.  with  Pbtsauc  Axhtdbidb. 


C«H»N  -  ^'|n.    (Dusart,Ann.  Ch.Phys.xlv.886.)— 

A  base  produced  by  the  action  of  sulphydrie  add  on  nitrophthalene  (pi  112^  in  the 
presence  of  alcohol  and  ammonia.  A  mixture  of  an  alcoholic  solution  of  nitrophthalene 
and  sulphide  of  ammonium  is  heated  to  609  for  several  hours  in  the  water-bath ;  the 
greater  part  of  the  alcohol  is  distilled  off;  the  remainder  evaporated  almost  to  drvness 
at  a  gentle  heat ;  the  reddne  extracted  with  dilute  hydrochloric  add ;  and  the  filtrate 
saturated  with  potash.  The  predpitate  is  at  first  white  and  then  redissdves  in  the 
add  solution  with  a  beautiful  blue  colour ;  on  adding  an  excess  of  potash,  flesh-ooloured 
flakes  are  formed,  which  gradoidly  become  denser  and  dark-coloured.  The  precipitate  is 
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washed  on  a  filter  with  water,  until  the  filtrate  no  longer  exhibits  an  alkaline  reaetion; 
it  then  becomes  crystalline. 

Phthalidine  crystallises  from  its  aqneons  solution  after  the  lapse  of  a  few  days  in 
beautiful  needles.  When  melted  and  cooled,  it  forms  a  ciystalline  mass  of  the  colour  of 
redgar.  It  melts  at  about  22^,  and  when  it  solidifies,  the  thermometer  rises  to  34*5^. 
It  smells  like  naphthalene,  and  tastes  unpleasantly  pungent.  Its  solutions  do  not 
restore  the  blue  colour  to  red  litmus,  but  its  vapour  (at  what  temperature?)  turns  it 
immediately  blue.  Very  small  quantities  of  phthalidine  impart  a  beautiful  blue  colour 
to  solutions  of  ferric  salts.  It  is  moderately  soluble  in  cola  wateTf  and  dissolves  in  all 
proportions  in  warm  alcohol  and  ether, 

Phthalidine  begins  to  boil  at  255°,  but  the  thermometer  rises  very  rapidly,  while 
decomposition  takes  place,  and  a  carbonaceous  residue  remains  behind.  It  is  converted 
into  a  yellowish-white  mass  by  chlorine-water.  It  reduces  nitrate  of  eiltfer,  the  solu- 
tion depositing  very  brilliant  crystals.  The  aqueous  solution  produces  a  grey  precipi- 
tate with  mercuroiu  salts,  and  a  yellow  precipitate  with  femnts  salts.  It  blackens  on 
addition  of  chloride  of  gold.  A  solution  of  h^drochlorate  of  phthalidine  is  rapidly 
decomposed  by  tetrachloride  of  platinum^  assumme  a  green  colour,  and  depositing  blue 
fiakes  which  blacken  on  drying;  a  warm  saturated  solution  of  the  salt  forms  with  tetra- 
chloride of  platinum  beautiful  yellow  crystals  which  partially  decompose  on  drying. 

The  salts  of  phthalidine  are  soluble  in  water  and  in  alcohol. 

HydrocKLorate,  C^'N.HC1. — ^A  warm  alcoholic  solution  of  the  base  saturated  with 
hydrochloric  acid  immediately  becomes  filled  with  violet-blue  crystals. 

The  nitrate,  C'H'N.HNO*,  is  formed  in  a  similar  manner. 

Sulphate,  2(7H*K.H*S0^ — Sulphuric  acid  unites  directly  with  phthalidine  and 
forms  a  dark  green  mass,  which  attracts  moisture  from  the  air  and  becomes  blue.  The 
crystallised  salt  is  obtained  by  double  decomposition,  or  by  mixing  the  alcoholic  solution 
of  the  base  with  sulphuric  acid.  It  dissolves  much  less  readily  in  alcohol  than  the 
other  salts. 

Ethyl'phthalidine,  C>«H'«N  -  C«HXC»H»)N,  is  a  liquid  having  the  odour  of 
phthalidine,  and  distilling  without  decomposition.  The  hydriodate,  C'^H^'N.HI,  fbrms 
silvery  fiakes  which  give  off  iodine  at  100°  and  turn  yellow.  The  hydrochlorate  is  very 
similar.    (Dusart) 

PBTBAUIUBB.    C»H»NO*   -  (^^''^*)''|n.     (Laurent,  Ann.  Ch.  Phya. 

[2]  Ixi  121 ;  [3]  xxiii.  119.) — This  compound,  isomeric  with  isatin,  is  formed  by  heating 
acid  phthalate  or  phthalamate  of  ammonium: 

C«fl»(NH*)0*      -      Cra»NO«     +     2H*0. 

Add  phthalate. 

C»H«(NH*)NO«      «      C«H»NO«     +     HH)     +     NH». 
Phthalamate. 

It  is  colourless;  crystallises  from  ether  by  spontaneous  evaporation  in  six-nded prisms 
derived  from  a  rhomboidal  prism  with  angles  of  113°.  It  melts  when  heated,  and 
solidifies  in  a  striated  mass  on  cooling ;  at  a  stronger  heat  it  boils  and  sublimes  in  very 
light  fiakes.  It  is  inodorous  and  tasteless.  It  is  insoluble  in  cold  ttfoter,  and  slightly 
soluble  in  hot  water ;  easily  soluble  in  boiling  alcohol  and  ether.  It  is  not  attack^  by 
chlorine  or  by  weak  or  diluted  acids.  It  dissolves  in  strong  sulphuric  acidmhen.  heated, 
and  if  water  is  added  to  the  solution,  phthalic  acid  separates  out  on  cooling.  Boiled 
with  an  alcoholic  solution  of  potash,  it  evolves  ammonia,  and  forms  phthalate  of  potaa- 
sium. 

SUwT'pkthalifnide,  C*H^AgO*. — ^A  boiling  alcoholic  solution  of  phthalimide  does 
not  precipitate  nitrate  of  silver,  but  on  addition  of  ammonia  it  deposits  a  pulverulent 
precipitate  or  ciystalline  spangles,  which  dissolve  in  hot  ammonia  and  crystallise  out 
unchanged.  The  solution  of  the  silver-salt  in  ammonia  and  a  little  hot  water  deposits 
needles  which  appe.ar  to  consist  of  phthalamate  of  ammonium.  When  heated,  it 
melts,  swells  up  and  forms  a  black  mass,  which  at  a  higher  temperature  assumes  a 
fine  green  colour,  with  golden  lustre,  like  the  wings  of  cantharides,  phthalimide  sub- 
liming at  the  same  time.      (Qerhardt,  Traiti,  iii.  488.) 

Phenyl-phthalimide,  C»*H»NO«    «   (^^')''|n.— On  melting  phtfaaUe  add 

with  aniline,  and  treating  the  cold  pulverised  mass  with  boiling  alcohol,  phenyl- 
phthalimide  remains  as  a  ciystalline  powder,  which  may  be  purified  by  sublimation 
and  recrystallisation  from  boiling  alcohoL  It  forms  beautiful  colourless  needles,  in- 
soluble in  water,  melts  at  203°,  and  begins  to  sublime  in  needles  before  fusion.  With 
melting  potash  it  yields  aniline  and  phtnalate  of  potassium.  Boiling  aqueous  ammonia 
converts  it  into  phenyl-phtholamic  acid. 


PHYLLOCYANIN  AND  PHYLLOXANTHIN.         633 

mtrophthalimide,  (y^K*lX^O*    -    t^^^^^'^^^^JN,  ia  produced  by  heating 

nitrophthalate  of  ammonium. 

PBTBAZi'r&, CB&ORZBB OV.  ((?lS*0*yC}i*.  (H.  Miiller, Zeitschr.  ClLPliarm. 
1863,  p.  257.) — Phthalic  acid  or  anhyoride  is  readily  acted  upon  by  pentachloride  of 
pbosphoros,  with  evolution  of  hydrochloric  acid  and  phosphoric  ozychloride.      The 

Sroduct  is  a  heavy  oily  liquid  of  peculiar  odour,  tesembling  chloride  of  benzoyl.  It 
istils  at  about  270^  vrithout  decomposition,  and  does  not  solidify  on  cooling.  It  sinks 
in  water,  but  soon  becomes  converted  into  phthalic  add.  If  kept  in  imperfectly  closed 
ressels,  it  gradually  deposits  large  crystals  of  phthalic  anhvdride.  It  acts  with  energy 
on  the  alcohols,  forming  the  corresponding  ethers  (p.  631). 

Chloride  of  Nitropkthalyl  is  pre^^ared  like  the  preceding;  and  resembles  it  in  its 
prqpertiesi,  but  cannot  be  distilled  without  decomposition. 

PBTBAJIXTa.  {KieseUchitfer,)  A  flinty  fissile  variety  of  granular  quartz  having 
a  grey,  black,  or  greenish  colour. 

PBTCZO  ACZB.  (La  my,  Ann.  Ch.  Fhys.  [3],  zxxv.  129.)— An  acid  contained, 
together  with  phycite,  in  Proiococcus  vukfaria.  It  is  extracted  by  alcohol,  and  separates 
therefrom  by  slow  evaporation  in  buiky  stellate  groups  of  needle-shaped  crystals, 
colourless,  somewhat  unctuous  to  the  touch,  tasteless,  inodorous,  and  permanent  in  the 
air.  Specific  gravity  »  0*896.  It  melts  at  136^,  solidifying  to  a  silky  crystalline 
mass  on  cooling;  begins  to  boil  at  150^,  gradually  decomposing  and  ezhiding  a  char- 
acteristic odour.  By  distillation  it  yields  oily  products,  insoluble  in  water,  yery  soluble 
in  alcohol.  The  acid  is  insoluble  in  water,  but  dissolves,  especially  when  aided  by 
heat,  in  alcohol^  ethers  aeetonef  and  oils  both  fiit  and  volatile :  1  pt.  of  it  dissolves  in  16 
pts.  of  boiline  absolute  alcohol.    The  alcoholic  solution  is  neutiaL 

Phycic  acid  gives  by  analysis  69*8-^70*8  per  cent  carbon,  11*7 — 12*0  hydrogen,  and 
8*7 — 3*8  nitrogen,  besides  oxygen ;  no  formma  has  been  proposed  for  it 

Phycic  acid  dissolves  in  strong  aulphuric  acid,  and  is  reprecipitated  by  water.  Nitric 
acid  attacks  it  slowly,  forming  a  light  very  acrid  oil  and  a  ciystallisable  acid.  It  is 
not  attacked  by  dry  chlorine  even  in  sunshine.  Iodine  and  phosphorus  act  upon  it  only 
at  hish  temperatures.  It  is  decomposed  by  heating  with  potassium,  yielding  hydro- 
cyanic acid,  together  with  other  products.  When  heated  with  aoda-lime,  it  gives  off 
ammonia. 

Ammonia  has  no  action  on  phycic  acid.  Potash  and  soda  dissolve  it,  forming  salts 
which  crystallise  in  needles,  are  neutral  to  test-papers,  and  diissolve  in  water  and 
alcohol,  forminff  solutions  which  froth  like  soap-water.  Most  of  the  other  salts  of 
phycic  acid  are  insoluble.    The  silver-salt  is  white,  and  blackens  on  exposure  to  light 

VBYCXn.    OH**0\    Svn.  with  EBTTHBOimfKiTB  (il  604). 

The  term  phycite  has  lately  been  extended  by  Carius  (Ann.  Ch.  Pharm.  cxxxiy,  71) 

to  the  series  of  tetratomic  alcohols  ^       H*      [  ^*>  homologous  with  natural  phydte. 

He  has  obtained,  by  an  artificial  process,  a  3-carbon  alcohol,  having  the  composition 

^  -g,  ^  I O^  and  prepared  several  of  its  derivatives ;  but  whether  this  alcohol  is  really 

homologous  in  constitution  with  native  phycite,  cannot  be  determined  till  the  4-carbon 
compound  C^H"0*  has  also  been  obtained  by  a  corresponding  process^  and  its  proper- 
ties and  reactions  compared  with  those  of  natural  phycite  (see  Trittl-phtcitb). 

PBTCOCrVAir  and  VSTCOBSTTBSZW.  These  names  are  applied  by 
Kutzing  to  a  blue  and  red  colouring  matter,  apparently  of  the  same  composition, 
existing  in  several  red  sea-weeds.    (Handw.  d.  Chem.  vi  496.) 

PHTOO W  aBM  AVtMm  A  red  colouring  matter,  obtained  by  Ktitzing  from 
JiytipUsa  Hnctoria,  It  is  extracted  from  the  fresh  alga  by  maceration  in  cold  water, 
and  separates  in  flocks  on  evaporating  the  solution  and  adding  alcohoL  It  is  insoluble 
in  ether  and  in  oils.  The  colour  is  destroyed  by  exposure  to  sun-light,  so  that  old 
specimens  of  the  alga  are  often  destitute  of  colouring  matter.    (Handw.  loc,  cit.) 

PBn&xar  OXhaVCa.  A  mineral  from.  Deutsch-Pilsen  in  Hungary,  containing, 
according  to  Plattner,  sulphur,  antimony,  tellurium,  lead,  and  gold. 

PKT&XATB.  A  mineral  from  Sterling,  Massachusetts,  resembling  ottrelite 
(p.  248),  and  containing  38*40  per  cent  silica,  23*68  alumina,  17*62  ferric  oxide,  8*96 
magnesia,  6*80  potash,  and  4*80  water,  a  composition  which  may  be  represented  by  the 
formula  (Mg^;K>)SiO*.(Al'*,Fe*)SiO*.H'0  (SammeUberg's  Mineralchenue,  p.  866). 

PKTXi&OOSXiOB.    Syn.  with  Chlobofhtll. 

PBETS&OCTAVXW  and  PBTUbOZAWTHXW.  These  names  are  applied  by 
Frimy  to  a  blue  and  a  yellow  substance^  of  which  he  supposes  ddorophyll  to  be 
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compofldd.  He  sepantM  them  hj  agitadng  ehloiopli^ll  iritli  a  mixture  of  ether  and 
hydrochloric  add,  the  yellow  subetaDce  then  dissolving  in  the  ether,  and  the  blae  in 
the  hydrochloric  acid  (Fr^my,  Compt  rend.  L  405;  jShtwh.  1860,  p.  633).  According 
to  H.  Lndwig,  alao  (Arch.  Pharm.  [^2]  cri.  164;  Jahresb.  1861,  p.  738^  when  chlo- 
rophyll (from  young  wheat-leavee^  is  boiled  with  strong  alcohohc  potash,  and  the 
solution  is  neutralised  with  hydrocnloric  add,  a  yellow  predpitate  is  formed,  together 
with  a  splendid  blue  liquid,  which  leaves  phyllocyanin,  on  slow  eyaporation,  as  a  dark 
blue  mass.  Stokes,  on  the  other  hand,  condudes,  from  the  fluorescent  and  abeorbent 
properties  of  chlorophyll,  that  it  does  not  contain  a<blue  substance,  and  that  Fr^my*s 
phyllocyanin  is  a  product  of  the  decomposition  of  chlorophyll  by  adds.  (Chem.  Soc  J*, 
xyii.  814.) 

WWnn»MMWtM/TXMm    A  fossil  resin  found,  together  with  tekoretin,  in  the  fotsil 

wood  of  Denmark.  It  melts  at  86^ — to  87^,  dissolves  easily  in  alcohol,  and  appean  to 
have  the  composition  C*H'*.  (Forchammer,  J.  pr.  Chem.  zz.  469.) 

rarXAOXAVTRBIir*  A  yellow  substance,  produced,  according  to  Frimy 
(^loe,  cit.),  by  the  action  of  bases  on  chlorophyll,  or  on  phyllocyanin.  It  is  reconverted 
into  phyllocyanin  by  the  action  of  adds. 


The  yellow  substance  pre-existing  in  ddorophylL    The 

mode  of  separating  it  from  the  blue  constituent  by  the  action  of  ether  and  hydro- 
chloric acict  or  alcoholic  potash  and  hydrochloric  add,  has  already  been  mentioned. 
It  may  also  be  obtained  by  adding  hyorate  of  aluminium  to  an  alcoholic  solution  of 
ehloTophyll  diluted  with  a  considerable  quantity  of  water.  The  whole  of  the  colouring 
matter  is  then  precipitated  as  a  yellowish-green  alumina-lake,  from  which  the  phyllo- 
xanthin  may  be  extracted  by  sulphide  of  carbon,  leaving  the  lake  of  a  more  bluish- 
green  colour.    (Fr^my.) 

VBTSAUW.  C"H*0*.  (Dessaignes  and  Chautard,  J.  Pharm.  [3]  xxi.  24  ) 
The  bitter  prindple  of  the  winter  cheny  {PhysaUa  alkekengt)^  a  soUnaceons  plant 
growing  in  the  south  of  Europe,  sometimes  used  as  a  substitute  for  quinine  in  the 
treatment  of  intermittent  fevers. 

It  is  prepared  by  briskly  agitating  the  aqueous  extract  of  the  leaves  with  diloroform, 
which  deposits  it  after  long  standing;  and  is  purified  by  dissolving  it  in  hot  alcohol, 
with  addition  of  a  little  charc(Mil,  predpitating  the  filtered  liquid  with  water,  and 
washing  the  predpitate  with  cold  water  on  a  filter. 

PhyMlin  is  a  light  perfectly  amorphous  powder,  having  a  yellowish  colour  and  a 
bitter  taste,  slight  at  first,  but  afterwards  strc^ng  and  persistent.  When  dry,  it  becomes 
strongly  electric  by  friction.  It  is  very  slightly  soluble  in  cold  water  and  in  ether, 
somewhat  more  in  boiling  water,  easily  in  chloroform  and  in  alcohol,  especially  the 
latter.  When  heated,  it  softens  at  about  180^,  and  decomposes  at  a  higher  temperature. 
It  is  but  slightly  soluble  in  adds,  moderately  soluble  in  ammonia,  but  the  alkali  is  all 
driyen  o£f  on  evaporation.  The  alcoholic  solution  does  not  predpitate  ammoniacal 
nitrate  of  silver,  but  gives  a  white  predpitate  with  acetate  of  lead  and  ammonia. 

PBT8A&XTB  or  Pyrophyaalite.  A  coarse  nearly  opaoue  variety  of  topaz,  found 
in  yellowish-white  oystals,  which  intumesoe  when  he&tea :  hence  its  name  (fnaa 
^wrJa^iVf  to  blow).  It  occurs  in  crystals  of  great  size  at  Fossum  in  Norway;  at  Finbo^ 
Sweden,  in  a  granite  quarry,  and  at  Braddlw,  in  a  boulder ;  one  crystal  from  the  last 
locality,  at  Stockholm,  weighs  eighty  potmds. 

VBT8JITOUUO  ACID,  G>*H**0*.— A  &tt^  add  discovered  by  Hofstadter 
(Ann.  Ch.  Pharm.  xcL  177)  in  sperm  oil ;  isomeric  if  not  identical  with  hypogseic  add, 
obtained  from  the  oil  of  ArachU  hvpogcM  (iii.  238). 

To  prepare  it,  the  soap  obtained  by  boiling  the  oil  with  potash-ley  is  dissolved  in 
boiling  alcohol ;  and  the  filtrate,  after  being  freed  ftom  alcohol  by  distillation,  is 
diluted  with  water,  and  repredpitated  by  ammoniacal  sugar-of-lead.  The  pre- 
cipitate, washed  by  decantation  and  dried  in  the  air,  is  drenched  with  ether,  which 
dissolves  physetoleate  of  lead  and  undecomposed  spermaceti,  leaving  undissolved  the 
lead-salts  of  the  solid  fat^  adds.  The  solution  is  separated ;  part  of  the  ether  is 
distilled  off;  the  residue  decomposed  by  hydrochloric  add;  the  ethereal  solution  is 
mixed  with  ammonia  and  chloride  of  barium ;  the  predpitate  is  collected,  washed,  and 
dried  in  a  vacuum;  and  the  ethal  and  spermaceti  are  removed  from  it  by  cold  ether. 
On  repeatedly  boiling  the  undissolyed  physetoleate  of  barium  with  alcohol  of  93  per 
cent,  and  cooling  the  resulting  solutions  separately,  the  portion  taken  up  is  deposited 
as  a  white  powder,  which  must  be  collected  out  of  contact  with  the  air,  washed  with 
alcohol,  and  immediately  dried  in  a  vacuum.  It  may  be  obtained  pure  by  recrystaUis- 
in^  it  twice  more  in  the  same  way,  and  decomposed  by  boiling  with  aqueous  tartaric 
acid. 
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Physetoleic  aoid  emtaUiBeB  in  stellate  groape  of  oolourletB  needles ;  it  is  inodoronsy 
meltaat  80°,  and  solidifles  at  28^  (hypogfleio  acid  from  earth-nut  oil  melts  at  9i?  or  Z6^\, 
In  its  leactions  and  combinations  it  exactly  resembles  hypogaac  acid. 

FBTSOBZSr.  Ci>H>K)*.  (Gerding;  N.  Br.  Arch.  Izszvii.  l.>— A  neutral  sub- 
stance occurring  in  ParmeUacereUophyUa,  yar.  phjf9odes  (also  called  Varmelia  phytodea). 
To  obtain  it,  the  lichen  air-dried  and  cut  in  pieces  is  macerated  with  ether  for  several 
days ;  the  ether  is  evaporated ;  and  the  residual  white  powder  is  purified  by  washing 
it  with  alcohol,  and  repeated  crystallisation  from  absolute  alcohoL 

It  forms  a  white  loosely  coherent  mass,  appearing  when  magnified  120  times  to 
consist  of  four-sided  truncated  prisms.  It  melts  at  12l5°.  Dried  at  100°,  it  gives  by 
analysis  (mean)  49*76  per  cent,  carbon  and  4*63  hydrogen,  the  formula  requiring  50*70 
carbon,  4*28  hydrogen,  and  45*07  oxygen. 

Physodin  behaves  to  water  like  a  resin,  not  being  wetted  thereby.  It  dissolves  in 
aicohol  of  80  per  cent,  but  is  insoluble  in  absolute  alcohol,  in  ether,  and  in  acetic  acid. 
It  is  not  altered  bv  dilute  acids.  It  dissolves  easily  in  warm  aqueous  ammonia,  form- 
ing a  yellow  solution  which  becomes  reddish  on  exposure  to  the  air.  In  carbofiaU  of 
ammonia  it  dissolves  slightly  at  ordinary  temperatures,  easily  on  boilins;  in  potash 
instantly  with  yellow  colour.  Adds  precipitate  fiom  these  solutions  liflpt  yellow  or . 
reddish  fiocks ;  the  potash-solution  yields  a  dingy-yellow  precipitate  wiu  chloride  of 
barium.  The  alcoholic  solution  b  not  precipitated  by  chloride  of  barium,  but  yields 
with  acetate  of  lead  a  pale  yellow  precipitate  soluble  in  potash ;  with  euprie  aufphate 
a  pale  green ;  and  with  nitrate  of  nlver  a  brown-red  precipitate. 

Addbkditic  6'0ra^opA^//t»(O.Hesse,Ann.Ch.Pharm.cxix. 3651 — ^Thissubstanea 
occurs,  together  with  physodin,  in  Parmdia  eeratophyUoj  var.  j^hyeoaea.  To  prepare  it, 
about  8  1&  of  the  lichen,  after  being  washed  with  water,  is  stirred  up  with  dear  lime- 
water  ;  the  alkaline  solution  is  neutralised  with  hydrochloric  add ;  and  the  resulting 
yellowish-grev  flocculent  predpitate  is  washed  several  times  with  cold  water  to  remove 
the  excess  of  add,  then  ooliected,  dried  in  the  air,  and  freed  fh>m  uncr^allisable 
matter  by  digestion  with  boiling  alcohol  of  75  per  cent  There  then  remains  a  dark 
green,  soft,  dastic  mass,  probabfy  containing  physodin  and  usnic  add,  to  remove  which, 
the  mass  is  boiled  with  strong  soda-ley.  A  dark  brown  liquid  is  thus  obtained,  which, 
on  cooling,  depomts  ceratophyllin  immixed  with  dther  of  the  substances  just  mentioned. 
It  may  be  separated  from  the  mother-liquor  by  filtration,  and  purified  by  reciystallisa- 
tion  from  bouing  alcohol  with  the  aid  of  animal  charooaL  Wnen  the  uehen,  without 
previous  washing,  is  stirred  up  with  thin  milk  of  lime,  the  yellowish  filtrate  does  not 
yidd  any  predpitate  with  hydrochloric  add.  The  predpitate  formed  as  above  de- 
scribed IS  particidarly  abundant  when  the  lichen  has  oeen  obtained  from  birch-stemsi 
and  the  maceration  nas  not  been  continued  for  more  than  15  hours. 

Ceratophyllin  forms  thin  white  prisms,  which  when  placed  upon  the  tongue^  produce,  at 
firsts  a  slightly  irritating  taste,  soon  becominp;  rather  strongly  perceptible  in  the  throat ; 
subsequently  a  pernstent  buminff  sensation  is  experienced  on  the  tongue.  It  melts  at 
147®  to  a  colourless  liquid,  and  s^idifies  in  the  crystalline  form  between  186^  and  188^. 
It  begins  to  sublime  even  at  the  melting  point,  and  at  a  somewhat  higher  temperature 
sublimes  veiv  easily  and  without  alteration,  in  thin  colourless  laminan. 

Ceratophyllin  appears  to  be  a  higher  homologne  of  orsellinate  of  ethyl,  C'*H*H)^ ; 
its  melting  point  is  about  15^  higher  than  that  of  the  latter. 

Ceratophyllin  is  much  more  soluble  in  hot  water  than  in  cold ;  it  dissolves  readily 
in  alcohol,  ether,  potash-ley,  aqueovs  ammonia,  and  lime-water.  The  alcoholic  solution, 
which  has  a  neutral  reaction,  is  coloured  purple- violet  by  a  small  quantity  of  ferric 
chloride,  blood-red  by  solution  otchkride  of  lime,  the  latter  cdour  being  destroyed  by 
excess  of  the  reagent ;  no  precipitate  with  alcoholic  sugar-of-lead  or  nitrate  of  silver. 
From  the  ammoniacal  solution  nydroehlorie  acid  throws  down  the  ceratophyllin  in  thin 
prisms.  Ceratophyllin  dissolves  in  dilute  nitric  aeidf  the  solution  acquiring  only  a 
slight  yellow  tint  when  heated.  Strons  stdphurie  acid  dissolves  it  without  alteration 
at  ordinaiy  temperatures,  but  chars  it  ^en  neated. 

PBTSOBTXOMZn.  (J.  Jobst  and  0.  Hesse,  Ann.  Ch.  Pharm.  cxxix.  115 ; 
Jahresb.  1864,  p.  454.>— An  alkaloid  obtained  from  the  Calabar  bean,  the  seed  of 
Physostigma  venenosum,  a  poisonous  leguminous  plant  growing  in  marahy  dtuations 
near  Attarpah  and  Old  Calabar  in  Upper  Guinea.  The  poisonous  power  appears  to 
reside  only  in  the  cotyledons.  By  repeatedly  exhausting  the  shelled  beans  with  boiling 
alcohol  of  80  per  cent,  and  evaporating  the  eodzact^  a  jrellowiah  residue  is  obtained, 
which  dissolves  in  water  with  add  reaction,  and  separation  of  a  small  quantity  of  oiL 
Neutral  acetate  of  lead  added  to  this  solution  throws  down  an  add  (not  predpitable  by 
lime-water,  chloride  of  calcium,  or  nitrate  of  silver]^  and  the  filtrate  freed  from  lead  by 
sulphydric  acid,  yields  on  evaporation  a  red  reddue,  from  which  absolute  alcohol 
extracts  acetate  of  physostigmine,  leaving  gum  undissolved. 


686  PICHURIM-OIL. 

,  The  baise  itself  u  most  eaaflj  prepared  from  the  extract  by  ntarating  its  solvtioB  in 
a  smBil  qnantity  of  cold  -water  with  calcined  inagnesia»  evaporating,  and  treating  the 
still  moist  residue  with  ether,  as  long  as  that  solvent  takes  up  any  of  the  base.  The 
ethereal  solution  is  agitated  with  a  few  drops  of  very  dilute  sulphuric  acid;  the  lower 
dark  red  layer  of  liquid  is  again  shaken  up  with  magnesia ;  the  base  thus  separated  is 
dissolved  up  by  ether ;  and  the  solution  is  left  to  evaporate. 

Phvsostignune  thus  obtained  is  a  brownish-yellow  amorphous  mass,  sparingly 
soluble  in  water,  moderately  soluble  in  ether,  alcohol,  benzene,  ammonia,  and  soda. 
From  the  ethereal  solution  it  is  completely  precipitated  by  animal  charcoaL  The 
aqueous  solution  has  a  slight  burning  taste,  a  distinct  alkaline  reaction,  forms  a  kermea 
coloured  precipitate  with  iodide  of  hydrc^n  and  potassium,  and  precipitates  ferrie 
hydrate  from  a  eolation  of  the  chloride. 

The  solutions  of  physostigmine  in  acids  have  a  dark  red  or  more  rarely  a  dark  blue 
colour ;  they  are  more  or  less  decolorised  bv  sulpbydric  acid,  and  leave  the  salts  in  the 
form  of  red  amorphous  masses,  easily  soluble  in  water  and  in  alcohoL  They  form  amor- 
phous precipitates  with  tannic  acid  and  with  platinic,  auric  and  merouric  cMorida,  The 
ffold-salt  decomposes  easily,  with  se^>aration  of  the  metals. 

Physostigmine  is  the  active  principle  of  the  Calabar  bean.  The  solution  given  in 
small  doses  to  a  rabbit  jsroduces  paralysis  in  five  and  death  in  twenty  minutes,  without 
contraction  of  the  pupils.  When  dropt  into  the  eye,  however  (even  an  hoar  after 
death),  it  produces  in  ten  minutes  considerable  contraction  of  the  pupil.  According  to 
Christison,  a  dose  of  0*8  grm.  of  the  bean  produces  vertigo,  and  strong  paral^nsis  of  the 
voluntaiy  muscles  without  anv  painfal  sjrmptoms ;  according  to  Harley,  a  piece  of  the 
size  of  a  millet-seed  will  kill  a  cat  or  a  rabbit ;  according  to  Robertson,  the  been 
produces  transient  contraction  of  the  Sphincter  Iridia  and  Mtuculus  ciliaris,  and 
thereforo  affords  an  excellent  means  of  counteracting  dilatation  of  the  pupiL  The 
alcoholic  extract  of  the  beans  is  the  most  convenient  for  medical  purposes. 


The  Chemistiy  of  Plants.  The  most  comprehensive 
treatise  on  this  subject  is  that  of  Bochleder,  published  at  Leipzig  in  1864,  and  given  in 
a  somewhat  abridged  form  in  the  eig^hth  vdume  of  Gmelin's  "  Handbuch  der  Chemie,** 
containing :  1.  The  proximate  principles  of  plants  arranged  according  to  orders  and 
genera. — 2.  The  nutrition  of  plants,  and  the  formation  and  metamorphoses  of  their 
several  constituents.  See  also  the  articles,  Ash  of  Organic  Bodies,  Manub^  and 
NuT&inoN  or  Plants  in  this  Dictionary;  also  the  several  articles  describing  the 
chemical  constitution  of  individual  plants. 


OT  Plant-yelhw,    A  name  proposed  by  W.  Stein  for  rutin,  on 
account  of  its  wide  diffluion  in  the  vegetable  kingdom.    (See  Rtttdt.) 

VXAHXITB*  An  earthy  resin  occurring  at  Pianze  near  Keustadt  in  Camiola,  in 
brownish-black  masses  with  yellowish-brown  streak.  Hardness  «  1*6.  Specific 
gravity  «  1*220.  It  melts  at  316^,  and  bums  with  an  aromatic  odour  and  mach. 
smoke,  leaving  5'96  per  cent.  ash.  It  dissolves  in  ether  and  in  caustic  potash,  freely 
also  in  absolute  alcohol.  When  heated  in  a  glass  tube,  it  yields  a  yellowish  mlj 
distillate  having  an  acid  reaction.    (Haidinger,  Pogg.  Ann.  Ixii.  276.) 


VlOAMJkMm  Oneof  the  products  of  the  distillation  of  wood-tar.  It  is  an  oil  of 
specific  gravity  1*10,  unctuous  to  the  touch,  having  a  faint  odour  and  a  bumins  bitter 
taste.  It  boils  at  about  270°,  and  unites  with  alkalis,  forming  crystallisable  com- 
pounds.   (Beichenbach.) 


Syn.  with  Laxjsio  Aom  (iii.  473). 

Pichuiim-beans,  FabtB  Pichurim  minorea  (from  Ocotea 
pichury  minor^  Martins),  yield  by  distillation  with  water,  a  yellow  oil,  smelling  like 
bay  and  sassafras  oil,  and  having  a  sharp  burning  taste.  By  custillation  with  sulphuric 
acid  (which  prevents  the  beans  from  aggregating  into  a  pasty  mass,  and  increases  the 
vield  of  liquid).  Mull er  (J.  pr.  Chem.  Iviii.  463)  obtained  a  yellowish-green  oil, 
having  the  peculiar  odour  of  the  beans,  slightly  soluble  in  aqueous  alcohol,  easily  solu- 
ble in  absolute  alcohol  and  in  ether.  Bv  repeated  fractional  distillation,  it  may  be  re- 
solved into  a  number  of  oils  of  constant  ooiling  point,  viz.  (1).  A  colourless  mobile  oil 
boiling  at  160°,  and  emitting,  when  rubbd  between  the  fingers,  a  veiy  pungent 
odour  like  that  of  the  leaves  ox  Teucrium  Marum,-^2).  A  transparent  colourless  oil 
boiling  between  166°  and  170°,  and  smeUin^  like  oranges  when  its  vapour  mixes  with 
the  air  in  small  quantity,  like  turpentine  m  larger  quantity.  Both  these  oils,  after 
drving  over  cUoriae  of  caaJcium  and  solid  potash,  consbt  essentially  of  a  hydrocBubon 
C*H*,  partly  idtered  by  oxidation. — (3).  A  yellowish-green  oil  boiling  between  236° 
and  240°,  smelling  like  the  beans,  more  viscid  than  the  preceding^  and  agreeing  nearly 
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in  ebmpofitidn  with  the  empirieal  formiJa  0"H*0'. — (4).  In  larger  quantity,  an  oil 
boiling  between  260^  and  266^,  and  agreeing  nearly  in  oompoeition  with  the  fonnnla 
C^H*H>.  This  oil  has  a  fidnt  odoor  and  deep  bine  eolonr  permanent  in  the  daric, 
bnt  changing  to  greenieh-yellow  under  the  inflnenee  of  light  or  of  oxidising  agents, 
appearing  then  to  be  converted  into  that  last  described. 

Piehurim'Camphor,  According  to  Bonastre,  pichnrim-oil  is  resolved  by  cold 
alcohol  into  a  strong-smelling  elteoptene  and  a  nearly  inodorous  camphor  or  steaioptene 
which  separates  in  white  shining  micaceous  lamins.  According  to  Miiller,  the  dark 
blue  oil  above  mentioned  deposits  crystals  of  lauric  acid,  which  may  be  extracted  in 
larger  quantity  by  means  of  soda.  Bonastre's  camphor  perhaps  consisted  either  of 
this  acid  or  of  laurosteazin. 

VZOBUXOBTBAJtXC  AOZS.    Syn.  with  IiA.tjbio  Agd). 

VZcnuoUMCHTB.      Native  magnesia-alum  found  near  Iquique  in  Pern  (see 

SULPHATSS). 

VICOUOnL  CH^.     Odarine.  (Unverdorben,  Pogg.  Ann.  viii.  259,  480; 


69.— Anderson,  N.  £d.PhiL  J.  zli.  146,  291;  PhiL  Mag.  J.  [Slzzziii  185;  also 
J.  pr.  Ghem.  45,  166 ;  Ed.  Phil.  Trans,  xxi.  Pt.  1,  219 ;  PhiL  Mag.  J.  [4]  ix.  214 ;  also 
e£  Phil.  Tians.  zxi.  Pt  4,  678.— C.  Greville  Williams,  Chem.  Soc  Qu.  J.  vii.  97; 
Chem.  Gaz.  zii.  283 ;  Ed.  PhiL  Trans.  zzL  Pt.  2,  818;  Church  and  Owen,  Chem. 
News,  ii.  146.— Wert  he  im,  Ann.  Ch.  Pharm.  Ixz.  62 ;  Chem.  Gaz.  viL  309.) 

In  1826,  Unverdorben,  while  inveetigatixig  the  foBtid  oil  obtained  in  the  destructive  dis- 
tillation of  bones,  discovered  several  volatile  alkaloids.  Among  these  was  one  distin- 
guished by  its  overpowering  and  persistent  smell ;  to  this  substance  he  gave  the  name 
of  odorine.  The  experiments  of  Unverdorben  however,  although  conducted  with  re- 
markable skiU  and  perseverance,  did  not  in  any  way  establish  tiie  composition  of  the 
bodies  which  he  separated,  and  as  no  salt  was  obtained  by  him  free  from  other  homo- 
logues  of  the  same  series,  we  shall  not,  except  in  special  cases,  quote  his  results.  Most 
of  the  facts  observed  by  him  mav  be  found  in  Gmelin's  Handbook^  xi  263  et  sea.  But 
in  1846,  Dr.  Anderson  succeeded  in  isolating  a  base  from  coal-naphtha,  which  he 
showed  to  be  isomeric  with  aniline.  He  also  showed  its  relations  to  Unrerdorben's 
odorine,  and  gave  it  the  name  of  picoline.  Subsequently  he  detected  the  same 
alkaloid  in  bone-oil,  accompanied  by  numerous  homologues,  including  pyridine,  the 
first  member  of  the  series. 

Occurrence  and  Formation, — 1.  In  coal-nanhtha  (Anderson).— 2.  In  bone-oil 
(A  n  derson). — 8.  In  the  tar  produced  by  distilling  the  bituminous  slate  of  Dorsetshire 
(Williams)u— 4.  It  is  probably  contained  in  the  basic  liquid  obtained  by  Stenhouse 
in  his  researches  on  the  products  of  the  destructiTe  distillation  of  beans,  &c. — 6.  A  base 
possessinff  the  same  centesimal  composition  and  boiling  point  is  found  among  the  pro- 
ducts of  the  distillation  of  cinchonine  (Williams). — 6.  In  the  distillate  from  peat 
(Church  and  Owen).  The  statement  by  Wextheim  that  picoline  is  yielded  by 
piperine  when  distilled  with  soda-lime  is  erroneous.  The  base  obtained  in  that  manner 
is  piperidine,  C*H"N.  The  question  of  the  identity  or  isomerism  of  the  tertiary  mona- 
mines  formed  during  destructive  distillation  is  one  of  the  greatest  difSculty,  and  recent 
researches  have  shown  not  only  that  the  chinoline  and  leucoline  series  are  distinct, 
but  also  that  the  pyridine  series,  as  found  in  the  distillate  from  cinchonine,  also 
form  a  distinct  dass.    (See  Lxttidimb,  iiL  787.) 

Preparation, — The  preparation  of  all  volatile  bases  (except  pyrrol)  from  the  oily  pro- 
ducts of  destructive  distillation,  is  conducted  in  nearly  the  same  manner.  The  oils 
are  first  to  be  shaken  up  with  sulphuric  acid  diluted  with  about  twice  its  weight  of 
water.  This  treatment  with  acid  may  be  repeated  to  ensure  the  entire  removal  of  the 
last  portions  of  the  bases.  On  standing,  the  acid  solution  settles  to  the  bottom  of  the 
vessdl  and  may  be  removed  by  means  of  a  siphon  or  separator.  A  veiy  good  apparatus 
for  the  purpose  consists  of  a  carboy  from  which  the  bottom  has  been  removed.  It  is 
to  be  inverted  and  placed  on  any  convenient  support  which  will  allow  of  vessels  being 
placed  beneath.  A  sound  bunff  to  which  a  stopcock  has  been  fitted  is  then  to  be 
cemented  to  the  neck  of  the  carboy.  The  mixture  having  been  placed  in  the  separator 
the  acid  liquid  is  to  be  drawn  off  below.  The  next  step  is  to  boil  in  an  open  vessel  as 
lonp;  as  pyrrol  is  given  off.  This  may  be  ascertained  by  holding  a  slip  of  fir-wood, 
moistened  with  strong  hydrochloric  add,  in  the  escaping  steam.  When  (he  wood  is 
no  lonper  reddened  tl^  boiling  may  be  stopped.  If  it  be  desired  to  save  the  pyrrol  the 
operation  must  be  conducted  in  a  still.  As  soon  as  the  pyrrol  has  been  expelled,  the 
liquid  is  to  be  strained  through  calico  to  remove  pitchy  and  resinous  matters.  An 
excess  of  caustic  soda  is  then  to  be  added,  and  the  whole  distilled  as  long  as  the  dis- 
tillate contains  bases.  This  may  be  ascertained  by  seeing  whether  fumes  are  given 
off  on  the  approach  of  a  rod  dipped  in  bydrochlono  add.    If  the  distillate  is  very 
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weak;  it  18  to  be  concentrated  by  a  second  distillation,  before  proceeding  to  the  next 
opeiHtion.  The  next  step  is  to  add  a  large  excess  of  solid  potask  to  the  liquid,  so  as  to 
render  the  bases  insoluble,  and  cause  them  to  rise  to  the  snr&ce.  This  operation  mnat 
be  performed  with  care,  in  order  to  prevent  the  temperature  rising  snfficientlj  to  easse 
a  loss  of  the  more  Tolatile  constituents. 

The  basic  oil  which  rises  to  the  surfiice  after  the  addition  of  the  solid  potash,  is  to  be 
separated  firom  the  aqueous  liquid,  and  placed  in  bottles  of  moderate  size.  The  mix- 
ture of  bases  still  contains  a  large  quantity  of  water,  which  must  be  entirely  remored 
before  proceeding  to  the  next  operation.  To  effect  this,  stidks  of  potash  are  to  be 
added  and  the  whole  allowed  to  stand  a  few  minutes.  The  water  wQl  soon  begin  to 
act  on  the  potash,  and  the  solution  of  hydrato  of  potassium  which  sinks  to  the  Iwttom 
of  the  bottles  is  to  be  removed  as  fast  as  it  is  formed.  The  most  convenient  mode  of 
doing  this  is  by  means  of  a  large  pipette  furnished  with  a  vulcanised  india-rubber 
ball  at  its  upper  extremity.  The  baU  is  to  be  pressed  flat  in  the  hand,  and  the  bwer 
end  of  the  pipette  being  immersed  in  the  liquid  to  be  removed,  the  pressure  on  the  ball 
is  to  be  lessened;  the  uquid  will  then  enter  the  bulb  of  tbe  pipette  and  may,  after  re- 
moval, be  expelled  by  renewing  the  pressure.  After  proceeding  as  above  fbr  about 
half  an  hour,  it  will  generally  be  found  that  the  separation  of  the  water  will  begin  to 
take  place  veiy  slowly.  More  solid  potash  is  then  to  be  added  and  the  wfaoie  left 
at  rest  for  some  hours ;  the  removal  of  the  aqueous  portion  is  then  to  be  repeated. 
It  will  require  a  day  or  two  of  digestion  to  eroctually  remove  evexy  trace  of  motstore. 
It  will  also  be  found  that  the  more  volatile  and  souible  in  water  the  bases  are,  the 
more  digestion  will  be  required.  It  must  not  be  forgotten  that  if  aniline  and  its 
homologues  are  present,  they  must  be  destroyed  by  Iwiling  with  nitric  add  beforB 
attempting  the  dehydration. 

It  is  absolutely  essential  to  remove  ever^  trace  of  moisture  before  proceeding  to 
fractional  distillation.  The  smallest  quantity  of  water  will  give  rise  to  the  greatest 
errors  if  it  be  attempted  to  separate  mixtures  hy  taking  advantage  of  the  differences  in 
the  boiling  pointe  of  the  substances  present.  The  whole  liquid  will  now  require  to  be 
subjected  to  a  complete  and  systematic  distillation.  This  process  is  exceedingly  tedious 
and  takes  a  vast  amount  of  time.  A  mixture  containing  six  or  eight  homologous  bases 
will  require  thirteen  or  fourteen  complete  fhictionations,  involving  nearly  a  thousand 
distillations,  before  anything  approaching  to  complete  separation  will  be  effected.  For 
full  details  of  the  methods  of  conducting  the  operation,  the  reader  is  referred  to  the 
original  memoirs  quoted  at  the  head  of  this  article. 

The  picoline  will  be  found  in  the  fractions  boiling  at  about  135^.  The  fractions  dis- 
tilling in  the  twelfth  or  thirteenth  rectifications  between  130^  and  140^  will  consist  of 
almost  pure  picoline. 

Properties. — ^Picoline  is  a  colourless  mobile  liquid  which  does  not  £reeze  at  0^.  It 
has  an  intensely  powerful  and  characteristic  odour,  and  when  inhaled  through  the  nos- 
trils, produces  a  bitter  taste  in  the  mouth  and  back  of  throat.  It  fumes  strongly  on  the 
approach  of  a  rod  dipped  in  hydrochloric  add.  It  blues  litmus  but  does  not  affect  the 
colour  of  a  solution  of  red  cabbage.  It  does  not  yield  any  coloured  reaction  when 
chloride  of  lime  is  added  to  its  aqueous  solution,  but  the  mixture  acquires  a  new  and 
peculiar  odour.  It  boils  steadily  at  about  135°  (Anderson).  Its  spedfic  gravity  at 
0°  is  0*9613.  The  density  of  its  vapour  was  found  by  experiment  to  be  8*290.  Theoxy 
requires  3*224.  The  refractive  indices  of  a  specimen  prepared  from  peat  by  Hr. 
Church,  and  having  a  specific  gravity  of  0*955,  were  found  by  Gladstone  and  Dale  to 
be  for  A,  1*4888;  B,  1*4980;  H,  1*5314,  the  temperatore  at  the  time  being  22*5''. 
(PhiL  Trans.  1863,  p.  317.) 

Deeomj^ositions, — 1.  The  action  of  chlorine  on  picoline  varies  according  to  the 
manner  in  which  the  experiment  is  made.  "When  a  current  of  the  sas  is  passed 
through  an  aqueous  solution,  absorption  takes  place,  the  liquid  becomes  brown,  and  a 
pecuUar  pungent  odour  is  evolved.  From  the  solution  potash  predpitates  a  daik 
brown  resinous  matter.  But  if  excess  of  picoline  be  poured  into  a  bottle  of 
chlorine,  and  the  liquid  be  distributed  over  the  surface  of  the  bottle,  the  greater  portion 
is  converted  into  a  crystallised  mass,  which,  on  treatment  with  water,  leaves  an  amor- 
phous powder  of  darning  whiteness.  It  is  insoluble  in  water  but  soluble  in  alcohoL 
Itconsistsof  thehydrochlorateof  trichloropicoline,  C^<C1«N'.HC1  (Ander- 
son).— 2.  Bromme-^water  added  to  solution  of  picolineyields  a  resinous  predpitate, 
insoluble  in  water,  but  soluble  in  alcohol  and  ether.  'When  picoline  is  thrown  into  a 
Tcssel  filled  with  bromine-vapour,  the  reaction  which  ensues  is  analogous  to  that  with 
chlorine. — ^,  Iodine  in  presence  of  water  yields  hydriodate  of  picoline  mixed  with  a 
brown  impurity. — 4.  Imric  acid  does  not  readily  decompose  picoline  even  when  boiled ; 
no  picric  add  is  formed  even  after  prolonged  ebullition.  Nitric  add  in  the  cold  yields 
nitrate  of  picoline  (Anderson). — 5.  SAitun  cohobated  for  some  days  with  picoline 
converts  it  into  parapicoline,  a  new  and  remarkable  base  apparently  polymeric  with 
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picoline  itmll  lU  fonniila  is  C«H'N.(>H^  -  C>*H*4N*  It  ImmIb  between  260^  and 
316^,  and  is  at  the  same  time  partially  decomposed,  with  formation  of  pyrrol  and  car- 
bonate of  ammonium.  It  mnst  be  distilled  in  a  cnrrent  of  hydrogen  at  a  temperature 
below  its  boiling  point.    (Anderson.) 

PicoLiini-SAi.T8. — ^Picoline  unites  with  adds  forming  saltan  most  of  which  are 
exceedingly  soluble,  but  in  general  crvstallisable  when  carefully  prepared.  On  mixing 
them  with  strong  adds  considerable  heat  is  eYolyed.  All  picoiine-salts  are  readily 
decomposed  by  fixed  alkalis,  with  separation  of  the  base.  They  closely  resemble  the 
salts  of  pyridine. 

Hydroehlorate, — Hydrochloric  add  and  picoline  mixed  in  the  proportion  of  one 
equivalent  of  each  and  carefully  evaporated  on  the  vrater-bath,  yield  prismatic  crystals, 
which  sublime  when  gently  heated.    The  sublimed  salt  is  deliquescent.  (Anderson.) 

ChlorocupraU  of  Picoline. — liarge  rhombohedral  crystals  obtained  by  evaporating 
eupric  chloride  with  hydroehlorate  of  picoline. 

Chloromercuraiet  C^^.Hg^Cl*. — Picoline  added  to  a  strong  solution  of  corrosive 
sublimate  yields  a  curdy  predpitate.  From  dilute  solutions  it  may  be  obtained  in 
needles.  The  salt  must  be  aiiHmed  as  it  evolves  picoline  when  heated.  (Anderson.) 

CUoroaurate, — Delicate  yellow  needles  dissolving  in  20  pts.  of  boiling  water. 
(Unverdorben.) 

ChloroplatinaU,  2(C^'N.Ha).Pti''a««^This  salt  varies  in  appeaianee  with  the  mode 
of  preparation.  A  concentrated  solution  of  tetrachloride  of  platinum  added  to  a 
strong  solution  of  hydroehlorate  of  jpicoline,  yields  orange-yellow  needles  requiring 
about  4  pts.  of  boiling;  water  for  solution.    (Anderson.) 

The  platinum-salt  is  slowly  decomposed  by  boiling  with  water,  and  yields,  after  eight 
or  ten  davs,  an  insoluble  substance  resembling  flowers  of  sulphur,  and  having  the 
formula  G^*H'*Pt"N*.4fiCL  It  is  the  salt  of  a  platinum-base  analogous  to  platinamine ; 
it  is,  therefore,  the  dihvdrochlorate  of  platinopicoline.  If  the  ebulUtion  of 
the  ori|;inal  pJiUanum-salt  with  water  be  arrested  at  a  certain  point,  which  is  only 
ascertainable  by  experiment,  a  double  salt  crystallises  out  containing  1  at.  dihydrochlo- 
rate  of  platinopicoline  united  to  I  at.  chloroplatinate  of  picoline.    (Anderson.) 

Sulphate  of  Picoline. — ^A  neutral  sulphate  of  picoline  has  not  yet  been  obtained, 
owing  to  the  tendency  of  the  base  to  escape.  When  an  excess  is  added  to  the  add,  and 
the  mixture  is  evaporated  on  the  water-bath,  the  base  continues  to  fly  off  until  an  acid 
salt  is  formed,  which  on  cooling  soldifies  to  a  mass  of  colourless  deliquescent  crystals. 
(Anderson.) 

Oxalate  of  Picoline. — ^When  excess  of  picoline  is  added  to  solution  of  oxaKe 
add,  and  the  mixture  is  evaporated  over  lime,  the  whole  eventually  solidifies  to  a  dense 
crystalline  mass,  ver^  soluble  in  water  and  alcohol.  Heated  to  100^  it  melts  giving 
off  picoline  and  yielding  an  add  salt.    (Anderson.) 

SuUtitutum-^erivaiiffes  qf  Picoline, 

Hydriodate  of  Ethyl-picoline,  C«H»N.HI  -  Cm«(C«H»)N.HL— Picoline  is 
to  be  mixed  with  excess  of  ioaide  of  ethyl,  and  sealed  in  g^ass  tubes.  On  heating  to 
100^  in  a  water-bath,  combination  begins  to  take  place  Smost  immediately,  heat  is 
evolved,  the  liquid  separates  into  two  layers,  and  in  a  few  minutes  the  reaction  is  com- 
pleted. On  cooling,  the  upper  stratum  solidifies  to  a  crystalline  mass,  and  ciystalfl 
also  form  in  the  lower  layer  which  consists  prindpally  of  the  excess  of  iodide  of  ethyL 
The  solid  and  Uquid  portions  are  to  be  thrown  on  a  filter,  and  the  crystals  washed  with 
a  mixture  of  alcohol  and  ether ;  after  draining,  the  salt  is  to  be  dissolved  in  as  small  a 
quantitT  as  possible  of  a  boiling  mixture  of  alcohol  and  ether.  As  the  liquid  cools  th« 
new  substance  is  deposited  in  beautiful  silvezy  plates.  It  is  very  soluble  m  water  and 
alcohol,  but  less  soluble  in  ether.    (Anderson.) 

Ethyl'j^icoline.'—y^hBn  the  hydriodate  is  dissolved  in  water  and  moist  oxide  of 
silver  is  agitated  with  it,  iodide  of  silver  is  predpitated  and  the  base  remains  in  solu- 
tion. Heat  must  be  avoided  as  the  base  is  readily  decomposed.  If  the  operation  be 
cautiously  performed,  a  colourless  solution  results ;  it  has  a  foint  but  peculiar  odour,  and 
is  highly  alkaline.  It  nstorss  the  blue  of  reddened  litmus,  turns  turmeric  brown,  has 
a  powermlly  caustic  taste^  and  feels  soapy  between  the  finders.  It  reacts  with  metallic 
salts  generally  like  potash  or  soda.  On  boiling,  the  solution  becomes  red,  and  ethyl- 
amine  is  evolved.    (Anderson.) 

Ptattnum-salt  ef  EthytpieoUne,  2(C^"N.HCl).Pta«.— Orange-zed  tabular  crystals 
of  considerable  size  and  great  beauty.    ( A  n  d  e  r  s  o  n. ) 

Gdd-saU,  0^"N.HCLAACl*.-43oldett-yellow  flattened  prisms. 
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EthyUne^dipieolyl'diammonium,  C"H«N»  -  (C'«H*f ((?H7N»,--ThecUo. 
ride  or  bzomide  of  this  base  is  obtained  by  treating  piooUne  with  chlonde  or  bromido 
of  ethylene:  «.^.,  «_        _ 

(Church  and  Owen) ;  see  alao  Davidson  (Chem.  Soc  Qn.  J.  ziy.  165). 

CbfM^i^iitum  ofPioolin$. 

Piooline  is  a  tertiary  monamine,  formed  on  the  type  of  one  atom  ci  ammcmia. 
But  it  differs  from  the  tertiary  monamines  produced  by  the  action  of  the  iodides 
of  the  aloohol-radides  on  ammonia,  inasmuch  as,  instead  of  having  the  three  atoms 
of  hydrogen  in  the  type  replaced  by  three  atoms  of  a  radicle,  they  appear  to  be  re- 
placed by  one  triatomic  radicle.    It  is  therefore  usual  to  write  its  formula  (0^)*^^- 

Nothing  certain  is  known  of  the  nature  of  any  of  the  triatomic  radicles  contained  in 
the  tertiary  monamines  produced  by  destructiye  distillation.  C.  G.  W. 

9ZOO&XTa«  A  black  chromiferous  spinel,  occurring  as  an  accessory  coostitiieBt 
in  Lhenolite  (iil  586).  It  has  a  density  of  4  08,  and  contains,  according  to  Damoor^s 
analysis  ( Jahresb.  1862,  p.  724),  560 per  cent,  alumina,  8*8  chromic  oxide,  10*3  mag- 
faesia,  24-0  ferrous  oxide,  and  20  siliceous  residue  (*  101*2). 

VZOBAMIO  AOZB.  G*H*NK)*.— An  add  produced  by  the  action  of  reducing 
agents  on  picric  add  (see  Nxtbofhbnamic  Acids,  p.  406). 

KOBAamoVZUlC.    C^>sN*  »  ^^'^~(n*.   Lautemann,Ann.Cfa.Fhann. 

cxxv.  I.) — ^A  tri-ammonium,  the  iodide  of  which  is  produced  by  the  action  of  iodine 
and  phosphorus  on  aqueous  picric  acid,  that  is,  of  hydriodic  add  on  picric  add: 

C«H«(NO«)»0  +  23HI     -    C«H"N«I»  +   7H«0  +   lOP. 

A  saturated  solution  of  picric  add,  treated  with  iodine  and  phosphorus  (best  with  100 
pts.  iodine  to  about  20  pts.  phosphomsY  becomes  heated  to  the  boiling  point,  and  on 
subsequently  distilling  off  the  excess  of  hydriodic  add  in  an  atmosphere  of  carbonic 
anhycuide,  the  remaining  liquid  solidifies,  at  a  certain  degree  of  concentration,  to  a  mass 
of  long  yellowish  needles  of  the  tri-iodide,  which  may  be  obtained  nearly  colourless  by 
washing  with  alcohol  containing  ether,  solution  in  absolute  alcohol,  and  evaporation  in 
a  vacuum  over  oil  of  vitriol. 

Iodide  of  picrammonium  is  deliquescent  and  becomes  resinous  on  exposure  to  light ; 
crystallises  from  aqueous  hydriodic  add,  but  not  from  water ;  from  the  alcoholic  so- 
lution it  is  predpitated  in  the  reunous  state  by  ether.  The  aqueous  solution  reduces 
plaiinie  chloride;  forms  a  steel-blue  predpitate  with  a  strong  solution  of /errie  chloride; 
and  imparts  to  a  dilute  solution  a  deep  blue  colour,  which  changes  to  violet  after  a 
while,  and  then  disappears,  a  flooeulent  predpitate  separating  at  the  same  time. 
Nitrate  of  eilwr  added  to  Uie  solution  of  the  iodide  throws  down  silver-iodide  and 
metallic  silver,  the  supernatant  liquid  tuniing  blue.  The  iodide  evaporated  with  nitric 
acid,  gives  off  a  small  quantitjr  of  gas,  and  yields  brown  crystals  forming  a  blue  solution 
in  water.  With  potash-^  it  gives  off  ammonia,  and  deposits  brown  flocks.  The 
dilute  solution  of  the  iodide,  mixed  with  a  little  ammonia^  becomes  blue;  the  concen- 
trated solution  acquires  a  transient  dark-green  colour. 

Picnimine,  or  hydrate  of  picrammonium,  cannot  be  isolated  on  account  of  its  ready 
Qxidability. 

(S0»)«     ) 

AM  SiOphaU  of  Pierammonium,  {Om^VS^Y'EiQOy    «    (Off^NVj-O*.   is  ob- 

H       3 
tained  by  mixing  the  solution  of  the  iodide  in  absolute  alcohol  with  dilute  sulphuric 
add,  in  sreyish-white  flocks,  which  ci^staUise  with  partial  decomposition  from  water. 
The  sulphuric  add  is  completely  precipitated  from  this  salt  by  chloride  of  barium. 

m^hato^odide  ofPicrammomtm,  (C«H'«N«)'"  |  ^^ J*>''.2H«0  -  ^^^^ty  \  ^;-iH«0, 

is  obtained  in  lights  amber-yellow,  octahedral  cnrstals,  when  the  aqueous  solution  of 
the  iodide,  mixed  with  dilute  sulphuric  add,  is  left  to  evaporate,  ft  is  easily  soluble 
in  water,  nearly  insoluble  in  alcohol  and  ether,  and  difKcolt  to  crystallise  from  water. 

Aeid    Phoaphato-iodide    of    Picrammonium,     (^^''^^T^^^*)"  |  .2H«0 

(CHi'N*)'^>^  .2H*0,  separates  in  the  oystalline  state  on  mixing  the  aqueous  iodide 
with  orthophosphoric  add.    It  dissolves  eadly  in  water,  with  difficulty  in  alcohol  and 
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ether.  Pbosplioric  add  added  to  the  alcoholic  solution  throws  down  an  insolnble  salt 
free  from  iodine,  the  solution  of  which  in  hydrochloric  acid  deposits  needles  having  a 
satiny  lustre. 

VIcntAMmto     The  name  applied  by  Benelius  to  stilbene  or  hydride  of  stilbyl 
(see  Stilbenb). 


A  mineral  Of*curring  in  geodes  in  the  gabbro  of  Tuscany; 
also  in  the  steatitic  paste  of  a  metalliferous  dyke,  fi  forms  trapezohedrons  and  cubo- 
trapezohedrons,  with  distinct  cubic  cleaTase.  Hardness  ■*  6.  Specific  gravity  » 
2*257.  Colour,  flesh-red  to  oolophonite-rea  Lustre,  vitreous.  Contains,  according 
to  Bechi  (Sill.  Am.  J.  [2]  xiv.  62),  5911  per  cent  silica,  2208  alumina,  1012  mag- 
nesia, 0*45  soda,  0*02  potash,  and  7'67  water  (»  99  45X  agreeing  with  the  formula 

Al'O*  [  ^^^^'•^'^>  which  is  that  of  analcime  (L  210)  having  the  greater  part  of  the 

sodium  replaced  by  magnesium.     The  mineral  has  most  probably  been  formed  from 
analcime  by  the  action  of  water  containing  magnesia.    (Dana,  il  318.) 


The  name  applied  by  Cahonrs  to  picric  acid  obtained  by 
the  action  of  potash  on  trinitranisol,  which  he  supposed  to  be  an  isomeric  modification; 
but  it  has  since  been  shown  to  be  identical  with  picric  acid  obtained  from  other 
sources  (p.  402). 

PZCSXC  ACID.    C*H*(NO')H).— Already  described  as  trinitrophenie  add  (pp. 
400-405). 


A  bitter  substance,  of  doubtful  constitution,  obtained  by  Hadig  from 
fbx-glove  (DigitaJU  purpurea).  It  is  described  as  a  yellow-brown,  sometimes  crystalline 
substance,  soluble  m  water,  alcohol,  and  ether,  and  predpitated  from  the  aqueous 
solution  by  mercuric  chloride,  ferrocyanide  of  potassium,  and  acetate  of  lead,  not  by 
carbonate  of  potassium,  or  sulphate  of  copper  (Handw.  d.  Chem.  vi.  503). 

rZC  AOZll*    Syn.  with  Isopubfxtric  Acid  (iiL  433). 

CRZV.  C"H"0'. — A  body  produced,  together  with  orsellinic  ether, 
by  the  action  of  boiling  water  on  eiythrin,  in  connection  with  which  it  has  been  already 
described  (ii.  503). 

fi-Picroerythrin,  C'"H*0*. — Lam  part  er  (Ann.  Ch.Pharm.  cxzziv.  243),  by  treating 
South  American  varieties  of  RocceUa  fuciformia  with  milk  of  lime,  as  in  Stenhouse's 

Erocess  for  the  preparation  of  rrythriu,  has  obtained  a  body  which  he  calls  fi-erythrin^ 
aving  the  composition  C*'H**0'*  ;  differing  from  that  of  erythrin  by  CH*  (whence  it 
might  be  called  methyl-erythrin)^  resembling  erythrin  in  most  respects,  but  melting  at 
115*^ — 116®,  with  violent  evolution  of  carbonic  aniiydride,  whereas  eiythrin  melts,  ac- 
cording to  Hesse,  at  137°,  and  does  not  give  off  carbonic  anhydride  till  heated  above 
200^ 

3-erythrin,  boiled  with  water ^  yields  orsellinic  add  and^-picroervthrin.  The  reaction, 
and  that  by  which  ordinary  picix)ery thrin  is  produced  from  ery thnn,  are  represented  bj 
the  equations : 

C»H«*b'»     +     H*0         -         C«H«0*     +     C'«H»W. 
Biytbrfn.  Orsellinic  add.       Picroerythrln. 

C«H"0'*  »         C«H"0*     +     C«H'«0*. 

^-•rythrio.  OrielUuic  acid.     /S.plcroerythrln. 

/3-erythrin,  boiled  with  strong  alcokolf  is  resolved  into  orsellinic  ether  and  /3-picro* 
erythrin : 

C*'H»*0'»     +     CRH)        -        C»H'(C»H»)0*     +     C'»H'>0«     +     HK), 

^-erythrin.  Alcuhol.  Oraellinie  /9-plcro- 

etlier.  erythrin. 

On  distilling  off  the  alcohol,  a  syrupy  residiie  is  left  whidi  solidifies  on  cooling. 
The  solution  of  this  mass  in  boiling  water  yields  on  cooling  silveir  laminss  of  orsellinic 
ether,  and  the  mothei^liquor  evaporated  to  a  syrup,  deposits  /l-picroeiythrin  in  stellate 
groups  of  needlee.' 

Beta-picroerythrin  has  a  alight  acid  reaction,  and  gives  a  red  colour  with  chloride  of 
lime.  It  is  very  soluble  in  water  and  in  alcohol,  sparingly  in  ether.  It  dissolves  aim 
in  ammonia,  and  the  solution  forms  with  basic  acetate  of  lead  a  white  precipitate, 
and  with  nitrate  of  silver  a  reddish  precipitate,  which  deposits  metallic  silver  when 
wiirmed.    When  boiled  with  baryta-water,  it  yields  carbonate  of  barium  and  /B-orcin. 


A  mineral  consisting  of  a  silicate  combined  with  flnor  spar 

and  water,  occurring  at  Lupikko,  near  Pitkaranta,  in  Finland.  It  is  white,  with  a  tinge 

of  green  or  blue,  single-refracting,  with  an  unctnou«  to  dull  lustre :  hardness  -=■  2  to  .3 ; 

specific  gravity   ->   274.    It  melts  before  the  blowpipe  with  intumescence  and  spirting, 
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diMolTM  completely  in  aeidn,  and  gives  oS,  with  sulphuric  add,  a  large  quantity  of 
fluoride  of  silicon.    Analyses,  a  by  A.  and  J.  Galindo,  b  by  Arppe,  g^ire 

8iO«  F  C«"0     Mg"0     Fe"0    Mn"0    H«0 

a,  20*90     1116     22-72     2879     154     0*78     8*97         »  94*86 

b.  3216      .     .      1986     2519     3-50     •      •     908 

These  analyses  lead  to  the  formula  (4M"0.3SiO«).2Ca'T'.3HH).    (Arppe,  JahicsK 
1862,  p.  752.) 

VICmOOftTCIOW.  Bufcamarin, — ^A  substance  contained,  together  with  solamne 
and  other  matters,  in  bittersweet  or  Slijdtes  Dulcamara^  the  steins  of  Solanum. 
DiU<ia7nara,  It  is  obtained  free  from  solanine  by  exhausting  the  aqneous  extract  of 
the  stems  with  alcohol,  distilling  off  the  alcohol,  dissolving  the  residue  in  water,  pre- 
cipitating the  solution  with  basic  acetate  of  lead,  decomposing  the  lead-precipit&te  with 
sulphydric  acid,  and  evaporating  the  filtrate  to  dryness.  On  treating  the  residue  with 
acetic  ether,  and  leaving  the  ether  to  evaporate,  picroglycion  is  obtained  in  small  stel- 
late crystals,  which  may  be  freed  from  mother-liquor  by  pressure  between  paper. 

Picroglycion  has  a  sweet  and  bitter  taste,  melts  very  easily,  and  in  decomposed,  with 
carbonisation,  at  a  higher  temperature.  It  is  very  soluble  in  water,  alcohol,  and  acetic 
ether ;  insoluble  in  common  ether.  It  is  not  precipitated  from  its  solutions  either  by 
metallic  salts  or  by  tincture  of  galls. 

PXCKOXiXCBBJmr.  A  substance  contained,  according  to  Alms  (Ann.  Ch. 
Pharm.  i.  61)  in  Variolaria  amara.  It  is  extracted  by  alcohoX  crystallised  by  evapo- 
rating the  solution  to  a  symp,  and  purified  by  washing  with  a  weak  solution  ox  pofassic 
carbonate,  and  recrystallising  from  alcohol 

It  forms  truncateid  rhombic  octahedrons,  colourless,  permanent  in  the  air,  inodorous, 
Tcry  bitter,  and  having  a  specific  gravity  »  1-176.  It  melts  at  100°,  and  carbonises 
at  a  higher  temperature,  giving  off  vapours  free  from,  ammonia.  It  is  insoluble  in 
cold  water,  slightly  soluble  in  Ixnling  water,  veiy  soluble  in  alcohol,  ether,  rolnfile  oib, 
and  sulphide  of  carbon,  and  with  aid  of  heat  in  fixed  oils.  The  alcoholic  Bolntaon  has 
an  acid  reaction. 

Picrolichenin  is  decomposed  by  nitric,  hydrochloric,  and  phosphoric  acid.  With 
caustic  potash  it  forms  a  red  solution,  from  which  acids  precipitate  a  brown-red  bitter 
substance.  When  left  in  contact  with  ammonia  in  a  dose  vessel,  it  first  becomes 
viscous  and  resinous,  and  ultimately  dissolves,  forming  a  liquid  which  is  colourless  aC 
first,  then  turns  reddish,  finally  safiron-yellow,  and  deposits  after  awhile,  shining  yellow 
tufts  of  flattened  tasteless  needles  easily  soluble  in  alcohol  and  in  caustic  alkalis.  They 
efiloresce  in  dry  air,  give  off  ammonia  when  heated,  and  melt  at  40°  to  a  glutinous  mass, 
having  a  deep  cherry-red  colour,  and  behaving  with  solvents  like  the  crystals.  The 
same  red  boay  is  formed  when  the  ammoniacal  solution  of  picrolichenin  is  left  to 
evaporate  in  the  air.  Its  formation  seems  to  show  that  picrolichenin  is  a  source  of 
orcin,  and  probably  identical  with  one  of  the  colouring  acids  of  the  lichens  (lecanoric 
acid,  &c.). 

PXCROXdTXI.  A  flbrous  dark-green  variety  of  serpentine,  somewhat  resembling 
asbestos;  found  in  Silesia,  and  at  Phiiipstadt  in  Wcrmeland,  Sweden. 

PZCKOimDUTB.  Fotassio-magnesic  sulphate,  K>Mg''(S0«)^6H*0,  ctystallists) 
from  the  solutions  of  saline  crusts,  from  the  fumaroles  of  Vesuvicui  lavas  of  the 
eruption  of  1855.    (Scacchi.) 

PZOAOPBABlttACO&ZTB.    See  PHARMAcoLms  (p.  387). 

PZCROPKT]a&  (from  inKp6s,  bitter,  and  <l>6\\ov,  a  leaf).  A  massive  foliated, 
flbrous,  magnesio-ferrous  silicate,  from  Ssila  in  Sweden.  It  has  a  deep  greenish-grey 
colour;  hardness  =  2*5;  specific  grtvity  =  2'7o.  Before  the  blowpipe  it  turns 
black  and  then  white,  without  melting ;  when  moistened  with  cobalt^solution  and 
ignited,  it  turns  pale  red.  Contains  49*80  per  cent,  silica,  30  10  magnesia,  6*86  ferrous 
oxide,  with  trace  of  manganous  oxide,  0*78  lime,  Til  alumina,  and  9-83  water 
(-  98*48),  whence  the  formula  3(|Mg".iFe")SiO«.2HH).  It  is  perhaps  an  altered 
augite.    (Svanberg,  Pogg.  Ann.  1.  662.) 

(from  vucp6s,  and  bfffi'Ht  odour).  A  hydrated  silicate  of  magnesium, 


adjacent  «  117°  49\  Cleavage  parallel  to  oofoo  perfect;  parallel  to  ooPoo,  less  so; 
traces  parallel  to  Poo.  It  occurs  also  fine-columnar  and  granular.  Hardness  « 
2  5 — 3.  Specific  gravity  =  2-59—2-68.  Lustre  on  cleavage-face  pearly ;  elsewhere 
vitreous.  Colour  greenish-white,  also  dark  green  and  grey.  Streak  white.  Subtrans- 
lueent  to  opaque.     Emits  a  bitter  aigillaceous  odour  when  moistened.    When  heated  it 
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gives  off  water  oontainiDg  ammonia ;  behaves  before  the  blowpipe  like  picrophjll. 
Contains  64*89  per  cent,  silica,  34'35  magnesia,  0*79  alumina,  1*40  ferric  oxide,  0*42 
manganous  oxide,  and  7*30  wnter  (—  99*  15),  whence  the  formula  2Mg''SL0'.H'0,  the 
magnesium  being  partly  replaced  by  iron.    (Magnus,  Pogg.  Ann.  tl  53.) 

VXOBOTBOMSOWXTB.  A  white  radiate  mineral,  from  the  gabbro  of  Tuscany, 
containing,  according  to  Bechi  (SiH.  Am.  J.  [2j  ziv.  63),  40-35  per  cent  silica,  31-25 
alumina,  10  99  Ume,  6*26  magnesia^  0*28  alkali,  and  10  79  water.  It  is  probably  a 
thomsonite  having  the  sodi^  replaced  by  magnesia.     (See  Thojcsqiotb.) 

9ZOXOTOXZO  ACZO.  The  name  given  by  Pelletier  and  Couerbe  to  picrotoxin, 
becaufte  it  unites  with  metallic  oxides. 

yzcmOTOXZSr.      C"H>^0*.      (Boullay,  Ann.  Chim.   xxx.  209.— Casaseca, 


Ann.  Ch.  Phys.  [2J  xxx.  307.— C.  Oppermann,  Has.  Pharm.  xxxv.  233.— Pelletier 
and  Couerbe,  Ann.  Ch.  Phys.  [2]  Uv.  181.— Liebig,  Ann.  Ch.  Pharm.  x.  203.— 
Regnault,  Ann.  Ch.  Phys.  |2]  Ixviii.  160.— L.  Barth,  J.  pr.  Chem.  xci.  165 ;  Bull. 
Soc.  Chim.  1864,  ii.  388.) — The  poisonous  principle  of  the  seeds  of  Cocculus  indicus 
(Afenispmnum  CoccvltuY  To  prepare  it,  the  pulverised  seed  is  twice  exhausted  with 
boiling  alcohol ;  the  alcohol  distHled  off;  the  residual  fat  boiled  out  with  a  large  quantity 
of  water ;  and  the  brown  aqueous  extract  mixed  with  a  small  quantity  of  neutnd  lead- 
acetate  to  remove  colouring  matter.  The  filtrate,  freed  frx)m  lead  by  sulphydric  acid, 
is  then  evaporated,  and  the  picrotoxin  which  separates  is  repeatedly  crystallised  from 
water  till  it  becomes  colourless.*    (Barth.) 

Picrotoxin  usually  crystallises  firom  pure  solutions  in  stellate  groups  of  needles ; 
•from  coloured  liquids  in  interlaced  spongy  threads,  which  after  a  while  change  into 
more  solid  needles,  more  rarely  into  laminae  (probably  containing  water  of  crystallisa- 
tion). It  is  permanent  in  the  air,  inodorous,  has  an  intensely  bitter  taste,  and  is 
neutral  to  vegetable  colours.  It  decomposes  without  frision  when  stronsly  heated.  It 
dissolves  in  150  pts.  of  cold,  and  26  pts.  of  boiling  water ;  in  3  pfo.  of  boiling  alcohol 
of  specific  gravity  0-800 ;  also  in  ether  and  in  warm  fixed  oils.  Its  alcoholic  solution 
turns  the  ^uie  of  polarisation  to  the  left ;  [a]  =  —28^  (Bouchardat  and  Boudet); 
■■  —  38^(Pfaunaler)  for  a  column  1  metre  in  length.  It  is  very  poisonous,  pro- 
ducing vertigo,  convulsions,  and  death. 

Analyses  of  Picrotoxin. 


T^plletier. 

-*■ ^ 

Calrulntfon 
C««H»<0* 

ami  Conorbe. 

Oppermann. 

Regnaiilr. 

Carbon 

6091 

61-43         61-53 

60-21          60-47 

60-48 

Hydrogen    . 

600 

611           6-22 

5-83           5*70 

5-88 

Oxygen 

•                       •          • 

•          ■                          •          • 

•            m                              •            m 

33-64 

10000 

Oppermann,  whose  analyses  differ  eonfdderably  from  all  the  rest,  proposed  the 
formula  C^H'0^  requiring  61*2  carbon  and  6*1  hydroeen;  but  all  the  other  analyses 
agree  very  nearly  with  the  formula  C'H'H)*.  Barth's  analyses  also  give  60-2  per  cent, 
as  the  maximum  percentage  of  carbon. 

Picrotoxin  unites  with  alkalis,  baryta,  lime,  and  oxide  of  lead,  forming  uncrystallis- 
able  compounds  which  are  difficult  to  purify.  On  boiling  it  for  some  hours  with  dilute 
sulphuric  acid,  saturating  with  carbonate  of  barium^  and  evaporating  the  filtrate,  there 
remains  a  syrup  which  dissolves  in  alcohol  and  dries  up  to  a  gummy  mass  having  the 
composition  C^'H^Ba^O**  or  C**H««Ba"0'«.6H«0.  By  boiling  for  30  hours  with  dilute 
sulphuric  acid  and  proceeding  as  above,  a  barium-compound  is  formed  containing 
C^H»*Ba''0"  or  C«H«»Ba''0'».4H«0.  The  organic  substance  separated  from  this  com- 
pound dissolves  easily  in  water  and  alcohol,  and  dries  up  to  a  light  yellow  gummy  mass, 
which  when  dried  at  180^  has  the  composition  C-*H«0"  or  C^H'K)*  -  (?«H»*0».H«0. 

Picrotoxin  in  many  of  its  reactions  exhibits  the  characters  of  a  saccharine  substance. 
It  reduces  cupric  oxide  from  alkaline  solutions,  and  when  boiled  with  dilute  acids, 
takes  up  water,  forming  a  substance  which  also  reduces  cnprie  oxide.  The  reducing 
power  of  picrotoxin  is,  however,  about  fixe  times  less  than  that  of  glucose.  With 
nitric  acidy  it  yields  oxalic  acid,  and  when  distilled  with  wda-Unte,  it  gives  off  a  small 
quantity  of  liquid  having  the  odour  of  metacetone. 

Picrotoxin  oissolves  in  strong  sulphuric  aHd,  forming  a  safiron-eoloured  solution. 
With  sulphuric  acid  and  potassic  dichromate  it  assumes  a  red-brown,  and  on  heating 
a  daric  brown  colour.    (Schmidt.) 

Bromopierotoxint  C'*H'"BrO*,  is  formed,  with  evolution  of  hydrobromic  acid,  by 

*  Dnrlng  the  reeryttallftatlon  of  picrotoxin,  th«r#  leparatea  a  tmall  quantity  of  another  tuKitanre 
(perhapt  Boullay*!  monhpennie  ada.  Hi.  879).  iparfnaljr  BOliible  tn  water,  alcohol,  and  ether,  but  ea»ily 
soluble  In  dilute  iodic  CMrbonate,  and  aeparati^  thertfrom  bv  adds  In  mlcroccoplc  needlM.  Ut  analy ala 
l«ad«  to  the  formuU  C*irH)»  ■—  #  r 
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the  action  of  bromine  on  picrotoxin.  It  separates  slowly  from  alcoholie  solution  in  s^ft 
crystalline  groups,  but  on  adding  water  to  the  solution,  it  is  obtained  as  an  amoiphons 
flocculent  precipitate,  which  dries  up  to  a  strongly  electric  powder. 

Nitropicrotoxin,  C'*H"(NO*)0*,  is  formed  by  dissolving  picrotoxin  in  a  mixture 
of  strong  nitric  and  sulphuric  acid,  and  is  precipitated  by  water  as  a  floccnlent  msGS 
which  crystallises  from  dilute  alcohol  in  small  needles.  It  is  not  explonive,  but  de- 
composes when  heated  to  100^,  or  when  the  solution  is  boiled. 

Dftbction  op  Picrotoxin. — The  intensely  bitter  taste  of  picrotoxin  has  led  to  the 
use  of  cocculus  grains  as  a  substitute  for  hops  in  beer ;  and  as  it  is  a  very  poisonous  sub- 
stance, its  detection  in  beer  and  other  organic  liquids  becomes  a  matter  of  importance. 
For  this  purpose,  T.  J.  H  erapa  t  h  absorbs  the  picrotoxin  by  means  of  animal  charcoal, 
then  dissolves  it  out  by  alcohol,  and  leaves  it  to  crystallise  trom  the  alcoholic  solution 
(see  Beer,  i.  637).  According  to  W.  Schmidt,  however  (J.  pr.  Chem.  Ixxxvii.  344 ; 
Jiihresb.  1862,  p.  629),  this  method  cannot  be  depended  upon  for  the  detection  of  small 
quantities  of  picrotoxin,  on  account  of  the  very  slight  absorbability  of  that  substance  by 
ciiarcoal ;  the  charcoal  indeed  appears  to  be  useful  rather  for  removing  the  colouring 
matter,  resin,  and  extractive  matter  of  the  liquid,  than  for  takingupthe  picrotoxin.  The 
process  recommended  by  Schmidt  for  the  detection  of  picrotoxin  in  wateiy  liquids 
such  as  beer,  is  as  follows:  The  liquid  is  evaponitvd  over  the  water-bath  to  a  syrup; 
the  residue  is  dissolved  in  a  sufficient  quantity  of  water  to  form  a  mobile  liquid ;  this 
solution  is  agitated  with  6  or  6  grms.  of  animal  charcoal,  and  filtered  after  several 
hours ;  and  the  filtrate  is  completely  precipitated  with  basic  acetate  of  lead.  The 
wine-yelluw  liquid  separated  from  the  precipitate  is  then  repeatedly  shaken  up  with 
5  to  10  per  cent,  of  amylic  alcohol,  and  the  oily  layer,  which  contains  the  greater  part 
of  the  picrotoxin,  is  decauted  after  standing  for  24  hours.  The  portion  of  picrotoxin 
still  remaining  in  the  wateir  liquid  may  be  separated  by  a  repetition  of  this  treatment. 
The  united  extracts  are  then  left  to  evaporate  in  a  moderately  warm  place;  the 
yellowish  residue  is  dissolved  in  weak  spirit ;  the  liquid  evaporated  to  dryness ;  the 
residue  boiled  with  water  mixed  with  a  Rmall  quantity  of  sulphuric  acid  ;  and  the 
liquid  is  decolorised  with  animal  charooal,  filtered,  and  evaporated  till  it  acquires  a 
distinctly  bitter  taste.  It  is  then  repeatedly  shaken  with  ether,  and  the  ethereal 
extract,  after  addition  of  a  little  alcoliol,  is  left  to  evaporate.  By  repeatedly  dissolv- 
ing the  residue  in  weak  spirit,  and  leaving  the  solution  to  evaporate,  the  picrotoxin  mny 
be  obtained  in  tufts  of  fine  silky  crystals.  The  charcoal  used  for  decoloration  and 
the  lead- precipitates  retain  traces  of  picrotoxin,  which  may  be  dissolv(>d  out  by  hot 
alcohol.  When  picrotoxin  is  to  be  searched  for  in  an  alcoholic  liquid,  it  is  aufiicieut 
to  evaporate,  exhaust  the  residue  with  l)oiling  water,  decolorise  the  liquid  with 
auimal  charcoal,  concentrate  the  solution,  and  treat  it  with  ether,  &c.,  as  above. 
J.  W.  Langley  (Sill.  Am.  J.  [2]  xxxiv.  109)  acidulates  the  suspected  liquid,  and 
agitates  it  with  ether  which  takes  up  the  picrotoxin,  which  may  then  be  crystallised 
by  evaporation  on  a  watch-glass.  According  to  Schmidt,  on  the  other  hand,  picrotoxin 
does  not  crystallise  from  ether  or  from  amylic  alcohol. 

The  picrotoxin  having  been  separated  as  alcove,  is  ea«?ily  recognised  by  the  grest 
focility  with  which  it  crystallises  from  alcohol,  and  the  peculiar  characters  of  the  crystals 
(i.  637);  also  by  its  strong  bitter  taste,  its  reaction  with  sulphuric  acid  and  potassie 
chromate,  and  its  power  of  reducing  cupric  oxide  in  alkaline  solution. 

VZCSTXi  or  Cripin.  A  substance  formed,  togethei{with  others,  by  submitting  to  dry 
distillation  the  crude  product  of  the  action  of  sulphydrafe  of  ammonium  on  bitter- 
almond  oil.  On  treating  the  distillate  with  ether,  picryl  dissolves  together  with 
stilbene,  and  separates  after  the  latter,  in  colourless,  inodorous,  mouocliuic  octahedrons, 
insoluble  in  water,  very  soluble  in  ether,  much  Ichs  soluble  in  alcohol.  It  is  attacked 
by  chlorine,  bromine,  and  nitric  acid,  yielding  peculiar  products.     (Laurent.) 

The  name  pi  cry  1  is  also  used  as  synonymous  with  trinitrophenyl,  CH'tNO*)", 
the  radicle  of  picric  acid,  &c.  Chloride  of  Pkryl  C"H«(N()«)*C1  is  obtained  by  the 
action  of  pentachloride  of  phosphorus  on  picric  acid  (p.  403).  It  is  a  yellow  solid 
having  an  agreeable  odour,  soluble  in  alcohol  and  ether,  not  volatile  without  decom- 
position.  Water  decomposes  it,  yielding  hydrochloric  and  picric  acids ;  ammonia  con- 
yerts  it  into  picramide. 


Syn.  with  Sphbne. 

A  mineral  constituting  the  principal  part  of  a  meteoritt 
which  fell  on  November  30,  1850,  near  Shalka  in  Baugoorah  (East  Indies),  and  wa0 
firht  described  by  Piddington  (Journ.  of  the  Asiatic  si)c.  of  Bengal.  1862,  xx.  299). 
The  mineral  consistii,  according  to  Haidinger(Wien.  Akad.  Ber.  xli.251 ;  Jahresb.  1860, 
p.  8(8),  of  dark  ash-gn^y,  coarse-grained  particles  of  rhombic  or  monoclinic  structure, 
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Aggi'^gsted  into  spherical  masses  seTeral  inches  in  diameter,  which  are  enclosed  in  a 
somewhat  lighter,  pnmice-like  mineral  having  a  more  fine-grained  structure.  The  dark 
grey  crystalline  particles  (piddingtonite)  are  composed  of  57'66  per  cent,  silica,  20*65 
ferrous  oxide,  1'53  lime,  12*00  magnesia,  with  trace  of  alumina  (»  98*84).  The 
ash -grey  mass  encloses  also  small  black  granules  of  chrome-iron.  The  crust  of  the 
meteorite  is  very  thin,  of  blackish-brown  colour,  with  yeiy  little  lustre. 

PXOOTXTB.    An  incrustation  occurring  on  the  granite  cliffs  of  Cornwall,  consisting 
of  alumina  combined  with  an  organic  substance  called  mttdesous  acid  (ilL  1060). 

3PZB&XTB.    A  doubtful  mineral  species  between  talc  and  mica,  found  at  Fahlnn  in 
Sweden. 


C«H>*0«.  (Laurent,  Ann.  Ch.  Phys.  [2]  Ixxii.  384;  [3] 
xxii.  459. — Sievert,  Zeitschrift fiir die gesammten Naturwissenschaften, xiv.  311.)— An 
acid  resin  occurring  in  the  turpentine  of  Pinua  maritima,  which  hardens  on  exposure 
to  the  air,  forming  the  substance  called  galipot;  also  in  the  colophony  of  Bordeaux 
(i.  1087).  To  prepare  it,  the  galipot  of  commerce,  after  being  freed  from  admixed  tur- 
pentine, is  puWerised  and  stirred  up  with  a  mixture  of  1  pt  ether  and  6  pts.  alcohol, 
which  is  poured  off  after  a  short  time.  The  undissolved  portion  treated  twice  more 
in  the  same  way,  and  then  dissolved  in  boiling  alcohol,  yields,  after  several  days' 
standing,  crystalline  crusts,  which  must  be  promptly  taken  out  and  purified  by  recrvs- 
tallisation  from  boiling  alcohol  (Laurent).  It  may  also  be  obtained  by  washing 
Bordeaux  colophony  with  cold  alcohol,  dissolving  the  residue  in  boiling  alcohol,  ana 
leaving  the  solution  to  czystallise. 

Pimaric  acid  forms  white,  warty,  crystalline  crusts,  consisting  of  microscopic  rectan- 
gular or  sometimes  six-sided  prisms  (Laurent);  fine  thin  laminae,  the  primary  form 
of  which  is  a  quadratic  prism  often  truncated  on  the  edges,  or  acuminated  (Sievert). 
It  melts  at  about  125^,  and  solidifies  only  at  68°,  to  a  limpid,  sometimes  crystallogra- 
nular  mass ;  the  acid  dried  in  a  vacuum  loses  under  these  circumstances  0*4  per  cent, 
water  (Laurent).  It  sinters  together  between  120°  and  135^,  and  melts  completely 
at  158^  to  a  clear  liquid  from  which  the  unaltered  acid  sublimes  at  120°.  In  a  capil- 
lary tube,  both  the  crystallised  and  the  already  fiised  acid  melt  at  153®  (Sievert). 
Specific  gravity  »  1*1047  at  18°.  It  is  leevorotatoiy,  but  in  a  less  degree  than  sylvic 
acid.  It  gives  by  analysis  78*18  per  cent,  carbon  and  9*74  hydrogen  (Laurent); 
7902  carbon  and  9*87  hvdrogen  (Sievert),  the  formula  C^fi^O*  requiring  79  47 
carbon,  9*94  hydrogen  and  10*59  oxygen.  According  to  these  results  pimaric  acid  is 
isomeric  with  sylvic,  and  probably  also  with  abietic  acid. 

Pimaric  acid  is  insoluble  in  water ,  but  dissolves  in  10  pts.  alcohol  at  18®  and  in  its 
own  weight  of  boiling  alcohol  (Laurent);  in  13  pt&  alcohol  of  92  per  cent,  in  2  pts. 
at  the  boiling  heat  (Sievert).  Fused  pimaric  acid  dissolves  quickly  when  triturated 
with  an  equal  weight  of  cold  alcohol,  but  the  solution  solidifies  almost  immediately 
from  separation  of  crystals. 

Amorphous  Pimaric  Acid. — Crystallised  pimaric  acid  becomes  amorphous  by  keeping. 
It  then  dissolves  in  its  own  weight  of  alcohol,  the  solution  not  solidifying  in  the  crys- 
talline form,  but  depositing,  when  mixed  with  water,  a  soft  mass  having  the  same 
composition  as  crystallised  pimaric  acid.  Pimaric  acid  in  the  fused  state  or  dissolved 
in  alcohol  does  not  undergo  this  transformation  (Laurent).  Laurent  subsequently 
regarded  amorphous  pimaric  acid  as  identical  with  pinic  acid. 

The  pimarates  of  the  alkaH'tnttah  are  soluble.  The  alcoholic  solution  of  the  acid 
does  not  precipitate  the  alcoholic  solutions  of  the  chlorides  of  strontium^  calcium  and 
maffnesiuMf  except  on  addition  of  ammonia,  which  produces  a  copious  precipitate  in 
the  calcic  solution,  less  abundant  in  the  others.  The  alcoholic  acid  mixed  at  the  boiling 
heat  with  the  alcoholic  solutions  oi  plumbic^  cvpric^  or  argentic  acetate  forms  amorphous 

{}recipitates  after  some  time.    The  lead-salt  dried  in  a  vacuum  contains  26*5  per  cent, 
ead-oxide,  agreeing  approximately  with  the  formula  C**H'*Pb''0\  which  requires  27*55 
per  cent 

Pimaric  acid  distilled  in  a  TBcnum  in  quantities  not  exceeding  10  grms.  yields  first 
traces  of  water,  then  pyromaric  add  solidifying  for  the  most  part  in  the  neck 
of  the  retort,  and  ultimately  leaves  only  a  trace  of  chaicoaL  Larger  quanties  of  the 
acid  distilled  in  vessels  containing  air  yield  chiefly  pimarone.  Pimaric  acid  gradually 
added  to  strong  sulphuric  acid  forms  a  brown-red  solution,  which  if  poured  into  water 
afters  24  hours  deposits  reddish-grey  flocks. 

By  boUing  with  nitric  acid,  pimaric  acid  is  gradually  conrerted  into  nitromaricor 
azomarie  acid,  C*H^^N0')^O^  which  collects  on  the  surfaceof  the  liquid  asayeUow 
friable  resinous  mass  which  may  be  purified  by  repeated  boiling  with  water,  or  by  solu- 
tion in  add  and  precipitation  with  water.  This  acid  decomposes  when  melted,  leaving 
a  bulky  charcoal,  but  does  not  glow  or  deflagrate  even  when  quickly  heated.   It  buma 
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like  a  resin,  and  yields  by  dry  diBtillation  a  very  small  quantity  of  oil.  It  is  insoluble 
in  water,  soluble  in  oil  of  vitriol,  alcohol  and  ether ;  the  alcoholic  solution  iieddens 
litmus.  It  forms  reddish -yellow  salts,  those  of  the  dtkaU-metals  beins  soluble,  the 
barium-aalt  insoluble.  The  alcoholic  solution  of  the  add  forms  yellowish  precipitates 
with  neuiral  acetate  of  lead  and  nitrate  of  silver. 

PZMCA&OWS.  C^H^. — ^When  a  considerable  quantity  of  pimaric  acid  is  dis- 
tilled in  a  vessel  containing  air,  and  the  viscid  distillate,  consisting  of  pimarone 
mixed  with  pyromaric  acid,  is  saponified  with  potash,  the  pimarone  is  taken  up  intt> 
the  soap  formed  by  the  pyromaric  acid ;  and  on  agitating  the  pulverised  soap  with 
ether,  the  pimarone  dissolves,  together  with  a  small  quantity  of  potassium-salts,  which 
may  be  removed  by  water.  The  residual  pimarone,  after  being  washed  with  dilute 
potash-ley  and  with  water,  and  dried  in  a  vacuum,  is  yellowish,  has  the  consi8teno4^  of 
a  fixed  oil,  and  dissolves  in  alcohol  and  ether.  It  hardens  almo^it  completely  on  expo- 
sure to  the  air. 

PZMB3UG  AOZB.    C'ffW  =  ^^'^^'^"|  0«.    (Laurent,  Ann.  CLPhys.  [2] 

IxvL  163. — Bromeis,  Ann.  Ch.  Pharm.  xxxv.  104. — Gerhardt,  Kev.  scient  xix.  12. 
— 8ac<^  Aim.  Oh.  Pharm.  li  221. — ^Arppe,  ibid.  cxv.  143 ;  cxxiv.  98. — Gm.xii.  463.) 
This  acid  was  discovered  by  Laurent  in  the  mother-liquors  resulting  from  the  action  of 
nitric  add  on  oleic  add,  and  is  likewise  produced  by  the  action  of  nitric  add  on  wax, 
spermacetic  and  other  fiitty  bodies.  Sacc  obtained  it  by  the  action  of  nitric  add  on 
linseed  oiL 

Laurent  prepares  it  by  boiling  200  or  300  prms.  of  oleic  add  for  twelve  hours  with  an 
equal  weight  of  nitric  acid,  oohobating  the  distillate  from  time  to  time.  The  nitric  acid 
is  then  decanted,  the  undissolved  portion  again  treated  with  a  quantity  of  nitric  acid 
equal  to  the  former,  and  the  ebullition  continued  for  another  twelve  hours.  This 
operation  is  repeated  six  or  seven  times  till  only  about  a  fifth  of  the  oleic  add  remains 
undissolved.  The  decanted  portions  of  nitric  acid  are  then  united  and  evaporated 
down  to  one-fourth.  The  residue  left  to  itself  for  twelve  hours  deposits  granules  of 
suberic  acid,  which  are  to  be  pressed,  moist^ened  with  cold  water,  again  submitted 
to  pressure,  and  the  expressed  liquids  evaporated,  the  vessel  being  cooled  from  time  to 
time,  and  the  suberic  add  which  separates  removed.  This  acid  may  be  recognised  by 
forming  granules  which  are  soft  after  belne  pressed  with  a  glass  rod.  Gradually^ 
however,  pimelic  acid  begins  to  separate  in  hard  sandy  grains,  mixed  at  first  with 
suberic  acid,  which  is  easily  removed  by  levigation  with  water.  Bv  a  new  evaporation 
more  pimelic  add  is  obtained,  but  it  ciystallises  very  slowly,  the  aeposition  not  being 
complete  for  several  days.  The  evaporation  must  not  be  pushed  too  far,  because  the 
mother-liquor  contains  other  acids  of  still  greater  solubility.  The  pimelic  add  may 
be  freed  from  adhering  suberic  add  by  means  of  alcohol,  which  easily  dissolves  the 
latt^j,  and  finaUv  purified  by  crystallisation  from  boiling  water. 

Pimeb'c  acid  rorms  grains  of  about  the  size  of  pins'  heads,  appearing  under  a  magni- 
fying glass  as  groups  of  crystals,  the  form  of  which  cannot  be  made  out.  It  is  inodo- 
rous, but  has  an  acid  taste.  It  melts  at  about  1 14^  (Laurent) ;  at  134^  (Bromeis) ; 
distils  at  a  high  temperature.  1  pt  of  the  add  dissolves  in  35  pts.  water  at  18° ;  it  is 
very  soluble  in  boiling  water,  also  in  warm  alcohol  and  ether ;  it  dissolves  also  in 
hot  strong  ttUphuric  acid.  When  heated  with  hydrate  of  potassium  it  gives  off  hydro- 
gen without  blackening.  The  residue  contains  oxalic  add,  and  when  treated  with 
mineral  acids  gives  off  a  volatile  acid  resembling  valerianic  add  (Gerhardt) : 

C'H»«0*   +   2H20     «     CH'O*  +   C*H>«0«  +   2H«. 

Pimelic  acid  is  dibaaic,  but  only  the  neutral  salts,  C'H"M«0«  and  (THWO*,  ai^ 
known.— The  ammonium-salt  gives  off  ammonia  when  boiled,  and  gradually  on  expo- 
sure. The  add  neutralised  with  ammonia  does  not  precipitate  the  salts  of  barium, 
strontium,  calcium,  magnesium,  manganese  or  zinc.  With  lead-salts  it  forms  a  white 
precipitate,  apparently  insoluble  in  water  and  in  alcohol;  with  ferric  salts^  a  light-red 
predpitate ;  with  mercuric  chloride^  a  white  predpitate. — ^The  copper-salt,  C'H'*Cu"0*, 
is  a  blue  precipitate,  insoluble  in  water  and  in  alcohoL — ^The  silver^ealt,  C'H'AgK)^  ia 
likewise  obtained  by  precipitation. 

»ZMaiiIC  BTHBB8.  Pimelate  of  methyl,  CH'^rCH*)^*,  is  prepared  like  the 
ethyl-compound  and  decomposes  in  like  manner  when  boued. 

Pimelate  of  Ethyl,  C"H~0«  -  pH"(C»H»)«0*,  is  obtained  by  the  repeated  action 
of  hydrochloric  acid  on  an  alcoholic  solution  of  pimelic  acid.  The  portion  which  ia 
volatile  below  100^  is  distilled  off,  the  residue  neutralised  with  carbonate  of  sodium, 
and  the  dark  red  oil  thereby  separated,  which  increases  in  quantity  on  further 
addition  of  water,  is  dehydrated  with  chloride  of  calcium.  The  liquid  thus  obtained 
has  a  fruity  odour,  and  gives  by  analysis  61-44  per  cent.  C  and  9*76  H  (calc.  61110 
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and  8'25  H).  It  begins  to  boil  at  185^,  but  the  boiling  point  gradually  rises,  charcoal 
separates,  and  a  liquid  passes  07er  wbuch  effervesces  with  carbonate  of  sodium,  and 
appears  to  be  ethyl-pimeiie  acid,  C^H"(G'H^)0^  It  gave  by  analysis  57*03  per  cent. 
C  and  9-10  H  (calc.  67'44  per  cent  G  and  8*50  H).  (Marsh,  Ann.  Oh.  Pharm.  ciy. 
125.) 

Pimdate  of  Amyl,  OIS^O* «  CH'«(C»H")'0<.— Prepared  like  the  preceding  com- 
pound. Dark-red,  somewhat  oily  liquid  having  a  penetrating  but  not  unpleasant  odour. 
Boils  between  170^  and  200^.  Insoluble  in  water,  soluble  in  alcohol  and  ether  (antd. 
67*64  C  and  10-99 H;  calc.  6800  C  and  1067  H).    (Marsh,  loc,  cit,) 


Pnnmra.  A  name  applied  to  sereral  green  nickeliferous  silicates : — a.  Gbeen 
chiysoprase  earth,  accompanying  chiysoprase  in  Silesia  (Klaproth,  Bntrage^  ii.  134). 
— h,  Glocker's  MiHte,  a  massive  green  mineral  from  Silesia,  meagre  to  the  touch,  of 
specific  gravity  l'4o8.  Gives  off  water  when  heated;  is  infusible  before  the  blowpipe; 
yields  metaUic  nickel  by  reduction  with  sodic  carbonate  (G.  Schmidt,  Pogg.  Ann. 
Ixi.  388). — c.  A  similar  mineral,  but  greasy  to  the  toncli,  and  of  specific  gravity  2*71 — 
2'76.  Behaves  before  the  blowpipe  like  talc,  and  gives  the  reactions  of  nickel.  De- 
composed by  adds  both  before  and  after  ignition  (Baer,  J.  pr.  Ghem.  Iv.  49) : 
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The  first  of  these  minerals,  if  the  iron  be  supposed  to  exist  as  ferrous  oxide  and  the 
alumina  be  reckoned  with  the  add,  may  perhaps  be  represented  by  the  formula 

(Ni"0  ;  Fe'C  ;  Mg"0).2SiO«.7H«0.    The  second  has  the  composition  !mC^o{  *-^^'- 

H»0.  The  third  may  be  represented  by  the  formula  3j;(Mg''0  ;  Ni''0)-SiO*].2(2R«0«. 
3SiO').18UH).  This  mineral  contains  organic  remains,  containing  0*44  per  cent, 
carbon  (according  to  Bayer).  It  loses  8*8  per  cent,  water  at  110^,  and  21*37  per  cent  at 
a  red  heat. 


^  orL  OV.  A  volatile  oil  obtained  from  the  firuit  of  Myrtut  Pimento, 
the  pods  of  which  yield  10  per  cent  and  the  seeds  5  per  cent  oil  (Bon as t re,  J. 
Pharm.  xi.  187).  The  crude  oil  is  viscous,  has  a  pale  yellow  or  light  brown  colour, 
and  strong  redacting  power ;  specific  gravity  ^  1-03  at  8^.  It  resembles  oil  of  doves 
in  taste  and  smell,  and  reacts  uke  that  oil  with  sulphuric  aeid^  nitric  acid,  and  iodine  ; 
dissolves  completely  in  alcohol  and  ether. 

By  treatment  with  strong  potaeh4ey,  it  is  resolved  into  eugenic  add,  G**H*'0' 
(ii.  604),  and  a  hydrocarbon  polymeric  with  oil  of  turpentine,  probably  G'*H**.  Thia 
hydrocarbon  is  a  colourless  mther  viscid  oil,  smelling  somewhat  like  oil  of  turpentine, 
and  exhibiting  feeble  IsBVO-rotatory  power.  Spedfic gravity  098  at  18°  Boiling-point 
2*55.    (G.  Oeser,  Ann.  Gh.  Phaim.  cxxxi.  277  ;  Bull.  Soc  Ghim.  1865,  i.  434.) 


OV>  The  volatile  oil  obtained  by  distilling  the  root  of 
Pinvpinella  eaxifraga  with  water,  has  a  gf>lden -yellow  colour,  a  viscid  consistence,  a 
bitter,  irritating  taste,  and  is  resinised  by  strong  adds.  The  oil  obtained  in  like 
manner  fiwm  Pimpimlla  niqra^  a  variety  of  P.  eaxifraga,  \b  light-blue  and  viscid  (Bley, 
Trommsdoif^  N.  J.  xii.  [2||  29).  Oil  of  anise  (i.  297)  is  obtained  from  PimpineUa 
anieum. 


PXVACO&ZV.  G*H"0.  (Fittig,  Ann.  Gh.  Pharm.  cxiv.  54.)— An  oily  body  pro- 
duced by  the  dehydration  of  pinaoone,  either  by  distilling  the  crystallised  hydrate  of 
pinacone  with  sulphuric  or  hydrochloric  add,  or  by  subjecting  fused  pinacone  to  the 
action  of  dry  chlorine  gas.  It  is  colourless,  has  an  odour  of  peppermint,  a  specific 
gravity  of  0-7999  at  16°,  and  boils  at  105°.  It  is  insoluble  in  water,  but  mixes  in  all 
proportions  with  alcohol  and  ether.  It  does  not  unite  with  add  sulphites  of  alkali- 
metal.  With  strong  nitric  acid  it  yields  red-brown  oily  nitro-compounds.  When 
subjected  to  the  action  of  diy  chlorine  in  diffused  daylight,  it  is  converted  into 
dichloropinacolin,  G*H**GPO,  which  is  a  heavy  visdd  oil,  solidifying  after  a  while 
in  colourless,  needle-shaped  czystals.  It  acts  on  the  nose  and  eyes  like  dichloracetone 
(i.  30),  melts  at  51°,  boils  at  178°,  is  nearly  insoluble  in  cold  water,  and  sparingly 
soluble  in  hot  water,  from  which  however  it  crystallises.  Its  solution  in  ether  or  in 
absolute  alcohol  is  predpitated  by  water. 


PXHTAOOWa.  G'Hi^O*.  (Fittig,  Ann.  Gh.  Pharm.  ex.  23;  Jahresb.  1859,  p.  342. 
— Stadeler,  Ann.  Gh.  Pharm.  cxi.  277;  Jahresb.  1859,  p.  346.— Friedel,  Ann.  Gh. 
Pharm.  cxxiv.  324  ;  Jahresb.  1862,  p.  404.— Linnemann,  Ann.  Gh.  Pharm.  SuppL 
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iii.  374)  — ThiB  body,  isomeric  with  hexylene-glycol,  (C«H»«rH«0«,  is  produced  by  tba 
action  of  Bodium,  or  better  of  sodium-amaigam,  on  aqueous  acetone : 

On  distilling  the  resulting  alkaline  liquid,  which  also  contains  isotritylic  alcohol,  hydrate 
of  pinacone.  C*H**0*.6H'0,  is  found  in  the  hist  portion  of  the  distillate,  and  crystallines 
on  cooling  the  liquid  to  a  low  temperature.  This  hydrate  is  resolved  by  farther  dis- 
tillation into  water  and  pinacone,  which  are  easily  separated  by  factional  distillation, 
and  from  the  first  fraction,  passing  oyer  between  170^  and  180^,  the  pinacone  may  be 
obtained  pure  by  repeated  slow  distillation.    (Linnemann.^ 

Pinacone  exists  in  two  modifications,  one  liquid,  the  other  sol  id.  Liquidpinaeone 
is  a  colourless  syrup  whi<;h  has  a  specific  gravity  of  0*96  at  16^,  does  not  solidify  at 
C,  boils  at  176** — 177**  under  a  pressure  of  0*738  met. ;  is  soluble  in  water,  but  soon 
separates  from  the  solution  as  a  crystallised  hydrate  melting  at  46 '5^.  If  protected 
from  moisture,  it  changes  gradually  but  spontaneously  into  the  solid  modification. 

Solid  pinacone,  when  freed  from  the  last  traces  of  the  liquid  modification  by 
pressure  between  paper,  and  purified  by  distillation,  is  a  snow-white,  finely  crystalline 
mass,  which  gradually  softens  and  melts  between  35**  and  38°,  and  boUsat  171° — 172° 
under  a  pressure  of  0*739  met.,  giving  off  a  colourless,  inodorous,  thickish  liouid  which 
Foon  solidifies.  It  dissolves  readily  in  cold  alcohol  and  ether ,  sparingly  in  gcAA.  «tdphide 
of  carbon^  and  crystallises  from  boiling  sulphide  of  carbon  in  smaU  needles.  By^x>n- 
taneous  evaporation  of  an  alcoholic  or  ethereal  solution,  it  is  obtained  as  a  radio-dys- 
talline  mass  made  up  of  snuill  needles.  It  is  sparingly  soluble  in  cold  water^  easily 
in  hot  water,  but  quickly  separates  from  the  solution  as  hydrated  pinacone,  melting 
at  46'6°.     (Linnemann.) 

Pinacone  in  either  modification  is  easily  reconverted  into  acetone  by  the  action  of 
acid  chromate  of  potassium  and  sulphuric  acid,     (Linnemann.) 

Hydrated  pinacone,  C«H"0*.6H«0  (re^iurdod  by  Fittig  and  by  Stadeler  as 
C*H'*0.7H*0).  Obtained  by  the  direct  combination  of  pinacone  with  water,  or  in 
larger  quantity  by  the  action  of  sodium-amalgam  on  aqueous  acetone  {vid.  sup.). 
It  18  a  light  transparent  substance  usually  crystallising  in  thin  four- sided  tablets 
(hence  the  name,  from  ir£ya{,  a  table),  but  sometimes,  sccording  to  Stadeler,  in  long 
prismatic  crystals.  When  pure  it  is  perfectly  inodorous.  When  kept  in  do  e  vessels 
It  volatilises,  and  sublimes  from  one  part  of  the  vessel  to  another,  even  at  ordinary 
temperatures.  It  is  sparingly  soluble  in  cold  watfT  and  ether^  easily  soluble  in  alcohol, 
and  may  be  recrystallised  from  hot  water.  It  melts  at  46*6°  lo  a  colourless  liquid 
which  solidifies  on  cooling.  It  is  resolved  by  dry  distillation  into  pinacone  and  water, 
but  volatilises  undecompobed  with  aqueous  vapour  (Linnemann).  By  distillation  with 
sulphuric  or  hydrochloric  arid,  or  by  exposure  in  the  melted  state  to  the  action  of  dry 
chlorine,  it  is  converted  into  pinacolin.    ^Stadeler.) 

Fittig  appears  to  have  obtained  two  otner  hydrates  of  pinacone,  viz.  0'H*^0'.2H*O 
and  C«H*0*.H»0. 

BenBopinmeone.  C^H*»0*  (Linnemann,  Ann.  Oh.  Pharm.  cxxxiii.  26).  This 
compound,  related  to  benzene  (phenyl-benzoyl,  p.  478)  in  the  same  manner  as  pinacone 
to  acetone,  is  produced  by  the  action  of  zinc  and  dilute  sulphuric  acid  on  benzene : 

2C"H»*'0     +     H*       -       C'^H^O*. 

To  prepare  i^  1  pt  of  an  alcoholic  solution  of  benzene  saturated  at  15°,  is  added  to 
6  pts.  of  a  mixture  of  1  pt.  oil  of  vitriol,  1  pt.  water  and  4  pts.  alcohol,  and  as  much 
granulated  zinc  is  added  as  can  be  just  covered  by  the  liquid.  On  leaving  the  mixture 
to  itself  for  a  few  days,  the  benzopinacone  is  gradually  deposited  as  a  crust  on  the  zinc, 
and  that  which  still  remains  dissolved  may  be  sepuratea  either  by  distilling  off  the 
alcohol  or  by  precipitating  with  water.  The  portion  attached  to  the  zinc  is  easily 
loosened  by  treating  the  zinc  with  dilute  sulphuric  acid,  and  the  whole  may  then  bet 
separated  by  levigatiou,  and  purified  by  repeated  crystallisation  from  boiling  alcohol. 

Benzopinacone  orstallises  in  microscopic,  transparent,  well-defined  prisms,  sparingly 
soluble  in  boiling  alcohol,  easily  in  tther,  chlorofonn  and  sulphide  of  carbon.  It  melts 
between  170°  and  180°,  without  solidifying  again.  By  fusion  and  distillation  it  is 
converted  into  an  isomeric  modification. 

Benzopinacone  is  intermediate  in  composition  between  benzene  and  benzhydzol 
(p.  478),  and  is  converted  into  the  former  by  oxidation  with  dUute  chromic  acid  : 

C»H«0*     +     O       -       2C»»H"0     +     H«0; 
and  into  the  latter  by  the  action  of  sodiumramaJgam  on  its  alcoholic  solution : 

C"H«0»     +     H»       -       2C'»H'«0. 
Benzopinacone  boiled  with  excess  of  chloride  of  benzoyl,  gives  off  hydrochloric  acid. 
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And  is  converted,  by  abstraction  of  1  at.  water,  into  a  substance  baring  tbe  compa^ition 
C^H^O,  and  related  to  b^^nEopinacone  in  the  same  manner  as  pinacolin  (p.  647)  to 
pinacone.  By  treating  the  proauct  with  strong  aqueons  potash,  exhausting  the  residual 
powder  with  ether,  and  recrystallising  from  boiling  benzene,  the  compound  C"H**0  is 
obtained  as  a  white  indistinctly  orvbtalline  powder,  soluble  in  boiling  alcohol,  ether  and 
benzene,  and  melting  at  182®.  It  differs  from  benzhydrelic  ether  (p.  478)  by  only  2  at. 
hydrogen ;  neyertheless  it  is  not  converted  into  that  body  by  treatment  with  sodium- 
amalgam. 

laobensopinaeone, — ^Benzopinaoone  is  converted  by  fusion  or  distillation  into  a 
liquid  which  has  the  same  composition,  but  does  not  solidify  even  at  —16®.  This 
modification  of  benzopinacone  is  a  syrupy,  strongly  refracting  liquid,  which  boils  with- 
out decomposition  at  297 '5®  under  a  pressure  of  0733  met.,  and  has  a  specific  gravity  of 
I'lO  at  19®.  By  transmittinff  a  cone  of  light  through  it  in  a  darkened  space,  a  blue 
fluorescence  is  produced.  It  dissolves  easily  in  cold  alcohol,  ether  and  benzene.  With 
chloride  of  benzoyl,  it  gives  off  hydrochloric  acid,  but  forms  a  fluid,  not  a  solid  product. 

Solid  laobenzopinacone. — When  the  liquid  modification  just  described  is  left  to 
itself  for  some  months,  it  solidifles  gradoally  but  completely,  forming  a  substance  which 
dissolves  easily  in  cold  alcohol,  ether  and  benzene,  and  melts  at  31®,  whereas  the 
melting-point  of  ordinary  benzopinacone  is  between  170®  and  180®.  It  is  converted 
with  extraordinary  &cility  into  the  fluid  modification,  remaining  in  the  liquid  form 
when  its  solutions  are  left  to  evaporate,  and  undergoing  complete  liquefaction  when  an 
attempt  is  made  to  pulverise  it. 

Both  the  liquid  and  the  solid  modification  of  isobenzopinacone,  when  treated  with 
todium-amalgam,  are  converted,  like  benzopinacone  itself,  into  benzhydrol. 

VXVOBBBCS.  An  alloy  of  copper  and  zinc,  usually  containing  about  9  pts. 
copper  to  1  pt.  zinc.    (See  Coppbb,  Allots  of,  ii.  49.) 

FIVB-OHi  or  Fir-oil,     These  names  are  applied  to  certain  oils  resembline  oil  of 


or  Fir-ail,  These  names  are  applied  to  certain  oils  resembling  oil  of 
turpentine,  obtained  in  various  ways  from  pine  and  fir-trees.  An  oil  of  this  kind  is 
extracted  in  the  Black  Forest  ftom  the  seeds  of  Pinua  picea  and  Pintis  abiea.  It  is 
limpid,  of  golden-yellow  colour,  verv  mobile,  dries  rapidly,  and  does  not  solidify  till 
cooled  to  about  —30®.  It  is  used  in  the  preparation  of  colours  and  varnishes 
(Grerhardt's  TraitS,  ii.  901).  A  similar  oil,  formerly  used  in  medicine,  is  prepared 
by  distilling  the  young  branches  and  needles  of  the  dwarf  pine  {Pinus  Pumtlio)  with 
water.  It  is  mobile,  hns  a  faint  yellowish  colour  and  agreeable  balsamic  odour ;  a 
specific  gravity  of  0*893  at  17® ;  and  boils  at  152®.  By  rectification  with  water  and 
dehydration  over  chloride  of  calcium,  it  is  obtained  colourless.  Hydrate  of  potassium 
immersed  in  it  becomes  covered  with  a  brown  resinous  substance.  By  repeated  treat- 
ment with  potassium  and  rectification  in  a  stream  of  carbonic  anhydride,  it  yields  a 
hydrocarbon,  C**H**,  less  fragrant  than  the  original  oil,  having  a  specific  gravity  of 
0*876  at  17®,  boiling  at  161®.  This  hydrocarbon  is  Levo-rotatory,  a  stratum  25  c  m. 
thick  turning  the  plane  of  polarisation  18®  to  the  lefL  It  absorbs  hydrochloric  acid 
gas,  forming  a  yellow  liquid  compound  C'*H".HC1,  of  specific  g^vity  0*982  at  17®,  and 
smelling  somewhat  like  oil  of  thyme.    (Mikolasch,  Jahresb.  1860,  p.  478.) 

The  following  are  the  quantities  of  oil  extracted  by  sulphide  of  carbon  from  the  seeds 
of  various  species  of  Pinua  (dried  at  100®).  The  shelled  seeds  of  Pinua  aylveatria  yield 
from  20-3  to  23*4  per  cent,  oil ;  of  P.  Picea,  7*8 ;  unshelled  seeds  of  P.  Cembra,  29-2 ; 
shelled  seeds  of  the  same,  36*5;  unshelled  seeds  of  P.  Strobua,  29*8 ;  of  P.  Afriea,  20*6 ; 
of  P.  LariXf  17  8  ;  of  P.  Pumtlio,  17*6;  of  P.  canadenaia,  11  ■4— 12*9;  of  P.maritima, 
22*6— 26'0.  All  the  seeds  examined  were  several  years  old.  (Wagner,  DingL  poL 
J.  dx.  466;  Jahresb.  1860,  p.  714.) 

Vm-RBSm*  a.  Retina  of  Tuirpentine. — ^Turpentine,  the  resinous  juice  which 
exudes  spontaneously,  or  from  incisions  m  the  stems  of  firs,  pines,  and  other  coniferous 
trees,  is  a  mixture  of  a  volatile  oil  (C'*H'*)  with  a  resin  called  colophony,  C^H^O* 
(L  1087),  probably  formed  by  oxidation  of  tbe  volatile  oil: 

2C»«H»«  +  0«  -  C«H~0«  +  H«0. 
This  resin  is  chiefiy  a  mixture  of  two  isomeric  acids,  namely,  sylvie  acid,  which  is 
crystalline,  and  pinicacid,  which  is  amorphous.  The  turpentine  which  exudes  during 
the  winter  months  from  incisions  made  towards  the  end  of  autumn,  solidifies  round  the 
edges  of  the  incisions  in  opaque  yellowish-white  crusts,  called  gallipot,  consisting  of 
a  mixture  of  essential  oil  of  turpentine  with  another  crystalline  resinous  add,  caUed 
pi  marie  acid  (p.  644),  likewise  having  the  composition  C^H"^*.  (See  these  several 
acids ;  also  Tubpkmtxmb.) 

$.  Seaina  of  Pinua  aylveatris. — ^The  needles  of  the  Scotch  fir  contain  several 
resinous  matters,  which  have  been  examined  byKawalier  (Wien.  Akad.  Ber.  xL  344 
xUi.  325). 
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1.  Kinovous  acidf  C''H**0*  [?]. — To  obtain  this  add,  the  needles  oe  eat  ap  and 
boiled  with  alcohol  of  40°  ;  the  alcoholic  decoction  is  distilled  in  the  water-bath,  the 
greater  part  of  the  volatile  oil  then  passing  over  with  the  alcohol ;  and  the  distillate  is 
mixed  with  water.  It  is  thereby  serrated  into  a  dark  green  resinons  mass  containing 
ceropic  acid  ^i.  836),  kinovoas  acid,  a  small  quantity  of  volatile  oil,  and  a  turbid 
watery  liquid  in  which  pinipicrin,  sugar,  traces  of  citric  acid,  ozypinitannic  acid,  and 
pinitannic  acid  remain  dissoiTed.  The  needles  exhausted  with  alcohol  still  contain  a 
little  pinipicrin  and  jelly.  The  resinous  mass  is  dissolved  in  alcohol  of  40° ;  an  alco- 
holic solution  of  neutral  acetate  of  lead  is  added,  which  throws  down  impure  ceropsite 
of  lead ;  sulphydnc  acid  gas  is  passed  into  the  filtrate ;  and  tlie  precipitated  mixture 
of  chlorophyll  and  sulphide  of  lead  is  separated  by  filtration.  The  now  yellow  filtnite 
deposits,  after  the  alcohol  has  been  distilled  off,  a  semi-fluid  resin,  which  dissolves  iu 
very  dilute  potash-ley,  to  a  light  brown  liquid,  from  which  the  resins  may  be  precipi- 
tated, in  combination  with  lime,  by  chloride  of  calcium.  These  resins  are  filtered  off 
and  washed  with  water,  and  the  filtrate  and  wash-water  are  precipitated  with  a  aliglit 
excess  of  hydrochloric  acid,  whereby  faintly  yellow  fiocks  of  kinovous  acid  are  precipi- 
tated, to  be  purified  by  redissolving  them  in  dilute  potash,  treating  the  solution  with 
aniimd  charcoal,  and  precipitating  the  filtrate  with  hydrochloric  acid. 

Kinovous  acid  is  a  white,  or  slightly  yellow  brittle  mass,  yielding  a  strongly  electric 
powder.  Its  solution  in  lime-water  yields,  with  nitrate  of  silver,  a  precipitate  having, 
according  to  Kawalier,  the  composition  2C**H**0'.5Ag*O.H-0. 

2.  Resirif  C'*H*"0'. — The  compound  of  resin  and  lime,  precipitated  by  chloride  of 
calcium  in  the  preparation  of  kinovous  acid,  dissolves  almost  completely  in  ether ;  and 
if  the  solution  be  evaporated,  the  residue  digested  in  alcohol  of  40°,  the  solution  again 
evaporated,  and  the  residue  treated  with  dilute  hydrochloric  acid,  chloride  of  calcium 
dissolves,  and  a  brownish-yellow  resin  is  left,  having  the  composition  just  mentioned. 
When  distilled  with  hydrate  of  calcium,  it  yields  two  oils  containing  respectively 
0*11*0,  and  O«H"0,  both  of  which,  when  twice  distilled  over  phosphoric  anhydride, 
are  converted  into  an  oily  hydrocarbon,  C^*H'*.  The  resin  dropt  m  the  fused  state 
upon  soda-lime  heated  to  220°,  splits  up  into  oily  products  oumparatively  rich  and 
comparatively  poor  in  oxygen  (Kawalier).    See  €hnelin*s  Handbook,  xv.  33. 

PZnr  TikJUMMW  or  Malabar  taUow.  A  feX  obtained  by  boiling  the  firuit  of 
Valeria  indica,  a  tiliaceous  tree  indigenous  in  Malabar.  It  is  a  whitish-yellow,  waxy 
mass,  having  a  faint  agreeable  odour,  a  density  of  096 25,  melting  at  37*6°,  slightly 
soluble  in  cold  alcohoL  According  to  Marcet  an4  Babington,  it  contains  77*0  per  cent, 
carbon,  12*3  hydrogen  and  10*7  oxygen.    (ChndirCs  Handbook,  xvi.  400.) 

PurOIIXTa.  A  mineral  from  Wolkenstein  in  Saxony,  resembling  chloropal 
(i.  921),  but  having  a  greasy  feel  and  specific  gravity  2*3 — 2*36.  Contains,  according 
toKersten  (Schw.  «f.  Ivi.  9),  36*90  silica,  1*80  alumina,  29'50  ferric  oxide,  6*10 
ferrous  oxide,  0*4  manganous  oxide,  0'46  magnesia  and  25*11  water,  which  may  be 

represented  approximately  by  the  formula  (2Fe"O.3SiO«).4(B*e«O».2SiO*).30H»O. 

Gramenite  frojD.  Mengenberg  in  the  Siebengebirge,  has  nearly  the  same  composition, 
viz.  38*39  per  cent.  SiO«,  687  Al'O",  25*46  Fe«0",  056  CaO,  067  MnO,  0*75  MgO 
and  23*36  water.     (Bergemann.) 

PZmc  ACZB.  C^H'^O*.  Afnorphotis  resin  of  colophony,  Alpha-resin  of  turpen- 
tine. (B erzeli u s.) — ^This  acid,  isomeric  with  sylvic  ana  with  pimaric  acid,  constitutes 
the  principal  portion  of  colophony  and  appears  to  be  identical  with  amorphous  pimaric 
acid  (p.  644).  To  extract  it  from  colophony,  that  substance  is  treated  with  cold  alcohol 
of  72°,  which  dissolves  it  in  preference  to  the  ciystallisable  sylvic  acid.  The  liquid 
precipitated  by  an  alcoholic  solution  of  cupric  acetate,  yields  a  salt  whence  the  pinic 
acid  may  be  separated  by  means  of  any  mineral  acid. 

Pinic  acid  is  an  amorphous  resin,  exactlv  like  colophony,  insoluble  in  water,  but  soluble 
in  alcohol,  ether,  and  oils,  both  fixed  and  volatile.  It  melts  when  heated,  and  decom- 
poses at  a  higher  temperature.  With  the  aid  of  heat  it  decomposes  carbonates,  and 
separates  the  fatty  acids  from  the  alcoholic  solutions  of  their  soaps.  (Unverdorben, 
Pogg.  Ann.  xi.  27.) 

PnrZCOWUBTnr.  C"H"0*[?].  (Kawalier,  Wien.  Akad.  Ber.  xi.  369.)— A 
substance  occurring  in  the  bark  of  the  Scotch  fir  (Pintis  sylvpstris).  The  bark  of  the 
upper  parts  of  the  stem,  after  being  freed  from  the  outer  rind,  is  cut  in  pieces,  and 
boiled  with  alcohol  of  40  per  cent. ;  the  ceropic  acid  which  separates  from  the  decoction 
on  cooling  is  separated  by  filtration  ;  the  greater  part  of  the  alcohol  is  evaporated ;  the 
residual  liquid  is  mixed  with  water ;  and  the  turbid  solution  is  treated  with  neutral 
acetAte  of  lead,  whereby  pinicortannic  acid  and  pinicorretin  are  precipitated,  while  cor- 
tepinitahuic  add  (ii.  85)  and  sugar  remain  in  solution.     The  washed  lead-precipitate. 
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dig<B8ted  with  very  dilute  acetic  add,  separates  into  pinicortannic  add  (infra\  whidi 
dissolTee  (and  maj  be  obtained  by  predpitating  with  basic  acetate  of  lead,  decompoeing 
the  predpitate  with  sulphydric  acid,  and  eraporating  the  filtrate  out  of  contiict  with 
air),  and  a  dark-coloured  gluttnons  residue,  soluble  in  strong  alcohol.  On  treating  the 
solution  with  sulphydric  add,  and  evaporating  the  filtered  liquid,  pinioorretin  remains 
behind,  and  may  be  purified  by  solution  in  alcohol. 

Pinicorretin  is  a  bhick-brown  glutinous  mass,  very  slightly  soluble  in  ammonia.  The 
ammoniacal  solution  yields,  with  chloride  of  baiium,  red-brown  fiocks  containing 
4Ba"0.3C«H»0*. 

PnrzcO&TAraXC  JLOXD*  C*'H"0»[?].  (Eawalier,  Wien.  Akad.  Ber.  xi. 
360.) — ^Au  acid  occurring  in  the  bark  of  Finus  tylvestris,  and  obtained,  as  above,  in 
the  preparation  of  pinicorretin.  It  is  also  produced  when  the  solution  of  Qprtepinitannic 
acid  (ii.  85)  is  evaporated  in  contact  with  air.  It  is  a  red-brown  powder,  converted  by 
boihng  with  water  containing  hydrochloric  acid,  into  a  bright  red  powder  containing 
3C**H'0'*.H'0.    Its  aqueous  solution  colours  ferric  chloride  green. 


C"H«H)».  (Kawalier,  Wien.  Akad.  Ber.  xi.  350,  xiii.  615.)— A 
bitter  substance  occurring  in  the  needles,  inner  bark  and  outer  bark  of  the  Scotch  fir 
(Finns  8tflwstris\  and  in  the  green  parts  of  Thuja  ocvidrntalis. 

Preparation. — ^The  comminuted  needles  of  the  Scotch  fir  (or  branches  of  ThujaJ  are 
exhausted  with  alcohol  of  40*^ ;  the  alcohol  is  distilled  off  from  the  decoction  ;  ana  the 
residue  is  mixed  with  water,  which  separates  a  green  mass  of  resin  (serving  for  the  pre- 
paration of  kinovous  add,  p.  649),  while  the  supernatant  turbid  liquid  retains  in  solution 
pinipicrin,  sugar,  traces  o{  citric  add,  oxvpinitannic  add,  and  pinitannic  add.  This 
liquid  is  mixed  with  a  few  drops  of  neutral  acetate  uf  lead,  which  renders  it  filtrable ; 
the  filtrate  is  mixed  with  excess  of  that  reagent,  which  throws  down  oxypinitannate  of 
lead ;  then,  after  another  filtration,  pinitannate  of  lead  is  predpitated  by  the  basic 
acetate;  this  is  also  separated  by  filtration  after  the  liquid  has  cooled ;  and  the  filtrate 
is  saturated  with  sulphydric  add.  The  liquid,  freed  ffom  sulphide  of  lead  and  evapo- 
rated in  a  stream  of  carbonic  acid,  leaves  a  residue  of  the  consistence  of  an  extract^ 
from  which  anhydrous  ether-alcohol  extracts  the  pinipicrin  and  leaves  the  sugar.  A 
small  quantity  of  foreign  matter  is  precipitated  from  the  solution  by  basic  acetate 
of  lead ;  the  filtrate  is  treated  with  sulphydric  acid ;  the  sulphide  of  lead  is  removed, 
and  the  liquid  evaporated.  By  repeatedly  dissolving  the  residue  left  after  the  ether- 
alcohol  has  been  distilled  off,  in  fresh  quantities  of  anhydrous  alcohol  containing  ether, 
as  long  as  any  insoluble  matter  is  left,  and  evaporating  the  solution,  pinipicrin  is  at 
length  obtained,  still,  however,  contaminated  with  acetic  add,  which  adheres  to  it  ob- 
stinately, but  may  be  removed  by  agitation  with  a  little  pure  ether  (which,  however,  at 
the  same  time,  removes  a  little  pinipicrin).  The  needles,  after  exhaustion  with  alcohol, 
still  retain  a  little  pinipicrin,  which  may  be  obtained  from  the  aqueous  decoction  in  the 
same  manner  as  from  the  alcoholic. 

Properties. — Pinipicrin  is  a  bright  yellow  powder,  whidi  softens  at  56^,  becomes 
viscid  at  80^,  transparent  and  mobile  at  100^,  and  solidifies  on  cooling  to  a  brownish- 
yellow,  brittle,  IHable  mass.  It  is  hygroscopic,  and  has  a  strong  bitter  taste.  It  is 
very  soluble  in  water,  dissolves  also  in  alcohol,  ether-aleohol,  and  aqueous  ether,  but  not 
in  pure  ether. 

Pinipicrin  swells  up  strongly  when  heated  on  platinum-foil,  and  leaves  a  difficultly 
combustible  charcoal.  The  aqueous  solution,  when  heated,  instantly  gives  off  the 
odour  of  eridnol  (ii.  499),  and  is  completely  resolved  into  this  substance  and  glucose: 

C"H»K)"     +     2HK)        -        2C^"0«     +     C»«H»H). 

In  contact  with  emulsin,  it  emits  an  odour  of  volatile  oil,  but  the  action  soon  ceases. 
(Kawalier,  Wien«  Akad.  Ber.  xii.  549.) 


C"H>«0«m.  (Kawalier,  Wien.  Akad.  Ber.  xi.  367; 
zzix.  19.)— This  acid  occurs,  together  witn  thujin  and  th^jigenin,  in  the  green  parts 
of  the  common  Arbor  viUa  {Thv^a  oocidentalis),  and  is  precipitated,  partly  from  the 
aqueous  extract,  together  with  thujin,  by  neutral  acetate  of  lead,  paitly,  together  with 
thiyigenin,  on  subsequent  addition  of  basic  lead-acetate,—  remaining  in  solution  when 
these  predpitates  are  decomposed  by  sulphydric  acid,  and  the  thujin  and  thujigenin 
have  crystallised  out.  The  mother-liquors  are  then  evaporated  to  dryness ;  the  pinitannic 
acid  extracted  by  anhydrous  ether-alcohol ;  the  filtrate  quickly  evaporated  to  dryness 
over  the  water-bath ;  and  the  remaining  acid  dried  in  a  vacuum  over  oil  of  vitriol. 

Pinitannic  acid  occurs  also,  together  with  oxypinitannic  add  (p.  319)  and  pinipicrin, 
in  the  needles  of  old  Scotch  fir  trees,  and  is  obtained  as  a  lead- salt  in  the  preparation 
of  pinipicrin  {old.  sup.),  by  predpitation  with  basic  acetate  of  lead,  after  the  oxypini- 
tannic acid  has  been  precipitated  by  the  neutral  acetate.    The  wabhcd  precipitate  is 
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decomposed  by  sulphydric  acid,  and  tlie  liquid  is  heated  with  the  sulphide  of  lead,  tiien 
filtered,  and  evaporated  to  dryness  in  a  stream  of  carbonic  anhydride. 

I*  Pinitannic  acia  is  a  yellow-red,  or  if  prepared  fix)m  Thig'a,  a  brownish-yellow  powder, 

having  a  slightly  bitter  astringent  taste,  becoming  soft  and  glutinous  at  100^.     It  dis- 
I  solves  readily  in  water,  alcohol^  and  ether ;  does  not  precipitate  solution  of  eelatin. 

•  The  aqueous  solution  colours /«i7c  chloride  dark  brown-red,  forms  yellow  precipitates 

with  neutral  and  basic  acetate  of  Uad^  and  precipitates  cvpric  sulphate  and  auver-nitraU, 
the  latter  on  addition  of  ammonia.  When  boiled  with  a  small  quantity  of  stannic 
chloride^  it  imparts  a  permanent  yellow  dye  to  woollen  Btu£b  mordanted  with  alum  or 
tin-salt. 


I  mica. 

I 


CH^O'*.  (Berthelot,  Ann.  Ch.  Phys.  [3]  xlvi.  76 ;  Chim.  oig.  ii. 
213. — Johnson,  SilL  Am.  J.  [2]  xzii.  6;  Ghn.  xv.  212.)— -A  saccharine  substance 
contained  in  the  sap  of  the  Pinu^  Lambcrtiana  of  California.  It  is  deposited  from  the 
aqueous  extract  of  the  crude  hardened  juice,  in  hard  white  radio-czystalline  nodules 
of  specific  gravity  1*62 ;  as  sweet  as  sugar-candy,  very  soluble  in  water,  neu^ly  insoluble 
in  absolute  alvohtd.  It  w  dextro-rotatory,  not  fermentable  and  does  not  reduce  solution 
oi  potaasio-cupric  tartrate,  even  after  treatment  with  sulphuric  acid.  It  is  decomposed 
by  hot  nitric  acid,  with  formation  of  nitro-compounds  and  a  small  quantity  of  oxahc 
acid.  With  an  ammoniacal  solution  of  lead'Ocetate,  it  forms  a  precipitate  containing 
OH'^0^2Pb''0.  With  acids  it  forms  ethers  analogous  to  the  mannitanides  and 
dulcitanided :  thus  with  ^^<>w  acid  it  formB  dibenzopinite,  C»H«0»  «  C«H'=0» 
+  2C'H-0«  -  2H«0,  andtetrabenzopiniteC»^H«0"-  C«H>-"0*  +  40^«0« - 
2H^0;  and  analogous  compounds  with  stearic  acid.  All  these  compounds  are  neutraL 
With  tartaric  acid,  it  forms  pinitartaric  acid,  C*fl««0«»  -  C'H'H)*  +  6C*H«0«  - 

6H«0,  which  yields  calcium-salt  containing  C"H"Ca'0».6H»0. 

PnrZTB  is  also  the  name  of  a  mineral  formed  from  dichroite  (ii.  820)  by  the 
action  of  alkaline  waters.  It  occurs  in  six-  or  twelve-sided  prisms,  with  cleavage 
often  indistinct,  sometimes  basal ;  colour  grey  to  greyish-green  or  brown.  Hardness 
B  2*5.  Like  other  minerals  formed  by  ^composition  of  dichroite,  it  is  not  perfectly 
definite  in  composition,  but  exhibits  various  stages  of  transition  between  dichroite  and 


Analyses :  a.  From  near  Schneeberg  in  Saxony :  blue^een  mass  covered  with  a 
micaceous  crust  (which  was  removed  as  completely  as  possible  previously  to  the 
analysis)  (Rammelsberg,  Mineralchemie,  p.  835). — b.  From  Penig  in  Saxony, 
similar  to  the  preceding,  but  with  a  red  crust  rich  in  ferric  oxide  (Kammelsberg). 
c.  From  Stolpen  in  Saxony:  so  called  prisTnatic  mica;  red  (Mass a  1  in,  Trommsa. 
N.  J.  iv.  2,  324). — d.  From  Saxony;  specific  gravity  —  276  (Marignac,  Bibl.  univ. 
1847,  iv.  157). — e.  From  Auvergne;  o.  C.  Gmelin  (Kastn.  Arch.  i.  226);  0.  From 
St.  Pardoux  (Kammelsberg);  7.  Specific  gravity  «  274  (Marignac).—/.  From 
Mont  Broven  in  the  valley  of  Chamounix ;  specific  gravity  —  2*84  (Marignac).— 
ff.  From  Diana,  New  York:  green  six-sided  prisms  of  specific  gravi^  276;  decom- 
posible  by  acids  (Brush,  J.  pr.  Chem.  Ixxv.  453). 


0.  6.  c.  <(*  c»  S* 


Silica 
Alumina  . 
Ferric  oxide 
Magnesia 
Lime       • 
Potash     . 
Soda 
Water     . 


46-38 

4700 

4A'0 

46  10 

M96 

/8. 
48-92 

47M) 

44'TO 

4.V5B 

27-65 

28  36 

SO-O 

82-46 

25'48 

82-29 

81-80 

31-64 

81  tn 

8-71 

7-86 

12-6 

4  27 

6-ftl 

8*49 

8-<>2 

667 

098 

1  oa 

2  48 

•     • 

2-26 

3-76 

1-41 

•        ■ 

2-86 

838 

0-49 

0-79 

«     • 

•        • 

• 

O-ftl 

0-92 

.    • 

2-42 

6-A3 

10-74 

12*4 

9-00 

7-89 

9  14 

9*05 

7-89 

811 

0-40 

1-07 

■     • 

0*46 

0-38 

.  • 

1-78 

095 

1*06 

7'»0 

883 

■     • 

6-45 

1-41 

4-27 

5-03 

5-89 

782 

99-42      102-13      100-0      10000      100-39      100-08      100-00      100-00      100-44 

FXVXTOZBa  This  name  is  applied  to  certain  minerals  more  or  less  resembling 
pinite  in  composition  and  physical  characters. — a.  Greyish-green  or  greenish-white 
nodules  of  crystallo-granular  structure,  specific  gravity  2'7888,  and  hardness  about  2  5, 
occurring  in  the  felsite-tufa  of  the  Zeisigwald  near  Chemnitz  (A.  Knop,  Jahresb.  1859, 
p.  794). — b.  Pseudomorphs  after  felspar  occurring  in  decomposed  porphjrry,  from  the 
Klitzschmiihle  near  Obefwiesa  (after  separation  of  the  felspar-sand  by  levigation) 
(Knop). — c.  A  fine-splintery  decomposition-product  of  oligodase  (hardness  =  2*5), 
imbedded  in  the  porphyritic  granite  of  Sasbachwalden  in  the  northern  part  of  the 
Black  Forest  (F.  Sandber|rer,  Jahresb.  1861,  p.  1008). — d,  A  mineral  forming  the 
substance  of  vegetable  petrifactions  in  the  phyllite  of  Petit-C<Bur  in  the  TarantAise, 
Savoy  (Terreil,  Jahresb.  1861,  p.  1008). — e,  A  light  green  or  white  substance  of  the 
connistence  of  kaolin,  occurring  in  clefts  of  a  slate  imbedded  in  the  spiriferous  sand- 
stone of  Ems  in  Nassau  (£.  Herget,  Jahresb.  18G2,  p.  822): 
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A  Tolatile  oil  produced  bj  the  distilUtion  of  American  piue-reBin,  and 
used  as  an  illnininating  material. 

9TMVB*  The  Stone  Pine  (Pinus  Piced)  growing  in  the  south  of  Europe,  yields 
large  oblons  oleaginous  seeds  (called  pi^nons  by  the  French)  vhich  are  used  as  food ; 
their  nutritive  power  in  the  dry  state  is  about  equal  to  that  of  walnuts;  but  in  the 
fresh  state  they  are  more  nutritive  than  fresh  walnuts.  According  to  Fay  en  (Bull. 
Soc.  Chim.  1865,  i  235),  they  contain  571  per  cent,  water,  42-50  fat  oil,  39  45  nitro- 
genous matter  (nitrogen  6*44),  0*50  cellulose,  and  traces  of  starch,  and  4*14  inorganic 
matter.     The  seeds  exhausted  of  oil  yield  11*87  per  cent,  nitrogen  and  9*04  ash. 

The  ash  of  Pinua  Mughus  and  P.  PumUio,  and  the  soils  on  which  they  grow,  hare  been 
analysed  by  H.  S.  Jobson  (Ann.  Ch.  Pharm.  xcv.  226  ;  Jaliresb.  1855,  p.  709);  the 
latter  also  byWittstein  (Jahresb.  1862,  p.  511);  the  ash  of  Pinvt  sylvrstris  by 
Heyer  and  Vonhausen  ^Ann.  Ch.  Pharm.  Ixxxii.  180 ;  Jahresb.  1852,  p.  798). 

Respecting  the  oils  obtainod  from  various  kinds  of  pine,  see  page  648.  For  the 
various  resins  and  other  substances  obtained  from  the  bark  and  needles  of  Pinus 
BtflvestriSj  see  Kawalier  (Wien.  Akad.  Ber.  xi.  344 ;  Ann.  Ch.  Pharm.  Ixxxviii.  3C0  ; 
Jahr«>sb.  1863,  p.  570 ;  Gmelin's  Handbook,  xv.  33,  487  ;  xvi.  26);  also  the  articles 
Cebofic  Acm,  Corthhuh it ankic  Acn>,  Esicinol,  Kinovous  Acm,  OxvpiKrrAKNTC 
Acid,  Phlobaphbne,  Pnni-RBsnfs.  PiNiuoBRKTHf,  PnncoRTAimic  Acid,  PiKipicRm, 
PunTANyic  Acid,  TAmfBOOBTiPiNic  Acid,  and  Takkopic  Acid,  in  this  Dictionary. 

yzOTZC  JLCZB.    Syn.  with  Mbtamaroaric  Acid  (iii.  976). 

VZOTOm  AOZD.    Syn.  with  Hydromaroaritic  Acid  (iii.  205). 

VZPSR.  Black  popper  {Pipfr  nigrum)  yields  a  volatile  oil,  having  the  composition 
of  turpentine-oil,  and  boiUng  at  167'5°.  Specific  gravity  of  the  oil  —  0*864  ;  of  the 
vapour  ■■  4*73.  The  oil  absorbs  a  large  quantity  of  hydrochloric  acid,  without  forming 
a  crystalline  compound.    fSoubeiran  and  Capitaine,  J.  Pharm.  1840,  p.  65.) 

The  root  of  Piper  nutnyaiicum,  or  Kawa,  has  been  already  described  under  the 
latter  name  (iii.  445). 

PZVBBZC  ACZB.  C'*H>"0*.  (Yon  Babo  and  Keller,  VissertaHon  von 
C.  Keller ^  Freiberg,  1866,  p.  16. — Strecker,  Ann.  Ch.  Pharm.  cv.  317;  cxviii. 
280.— G.  C.  Foster,  Chem.  iSoc.  Qu.  J.  xv.  17. — Gm.  xv.  7.) ~An  acid  produced, 
together  with  piperidine,  by  lx>iliug  piperine  with  potash : 

C"H»NO«  +  H«0     -     C>«H'«0«  +  C*H«>N. 

Piperine.  Piperic  Plp^ri- 

acld.  dine. 

Preparation. — 1  part  of  piperine  is  boiled  with  8  pts.  of  potassium-hydrate  and  16 
to  20  pts.  absolute  alcohot  the  liquid  which  distila  over  being  continually  pournl 
back  and  the  process  continued  for  twelve  hours,  or  till  a  sample  of  the  mixture  taken 
out  of  the  retort  is  no  longer  precipitated  by  water  (V.  Babo  and  Keller);  or  better, 
equal  weights  of  pip<»rine  and  potassium -hydrate,  with  as  much  strong  alcohol  aa 
is  required  to  dissolve  both,  are  heated  for  four  or  five  hours  to  100^  in  a  closed 
vessel  (Foster).  The  crystalline  plates  of  potassic  piperate  which  are  thereby  pro- 
duced in  abundance,  are  separated  from  the  brown  mother-liauor,  purified  by  repeated 
crystallisation  from  a  small  quantity  of  boiling  water,  with  help  of  animal  charcoal ; 
then  dissolved  in  water  and  decomposed  bv  <Ulute  hydrochloric  acid ;  and  the  acid, 
which  separates  as  a  jelly,  is  collected,  washed,  and  purified  by  repeated  crystallisation 
from  aleoboL  Another  method  is  to  neutralise  the  aqueous  solution  of  the  impure 
potassium-salt  with  acetic  acid,  mix  it  with  a  small  quantity  of  solution  of  acetate  of 
lead,  separate  the  lead  dissolved  in  the  filtered  liquid  by  sulphydric  acid,  filter  again, 
and  evaporate  to  the  crystallimng  point.    TV.  Babo  and  Keller.) 

Properties, — Piperic  acid  forms  yellowish  capillary  needles ;  in  the  moist  state,  a 
sulphur^yellow  jelly  which  shrinks  on  diying.    Melts  at  150^,  sublimes  at  about  200°, 

fartly  unaltered,  emitting  an  odour  of  ooamarin,  and  leaving  a  brown  ftised  residue, 
ts reaction  is  scarcely  acid  (V.  Babo  and  Keller).      It  is  nearly  insoluble  in  wattr; 
disHolves  in  270  pts.  of  cold  absolute  alcohol^  easily  in  the  same  Uquid  at  the  boiling 
heat ;  sparingly  in  tther,  scarcely  at  all  in  sulphide  of  carbon  or  rock-oil ;  somewhat  more 
easily  in  benzene, 
Uicompositions, — 1.  Piperic  add  bums  when  heated  in  oontact  with  the  air,  emitting 
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An  odour  of  anue,  and  leaving  a  difficultly  combustible  charcoal. — 2.  NoMent  k^drogm 
(sodium-amalgam)  converts  it  into  hydro-piperic  acid  (p.  654)  (Foster). — 8.  Oii  if 
vitriol  colours  it  blood-red,  and  then  chars  it — 4.  When  treated  with  iodine^  bromine, 
or  chhrinSy  it  forms  substitution-products.— 6.  Concentrated  kydriodie  acid  acts  upon 
it,  even  below  100°,  producing  carbonic  acid,  and  a  black,  uncrvstallisable,  humus-like 
substance  (Foster).— 6.  In  contact  with  pentachloride  of  phosphorus ^  it  acquires  a 
vermillion-red  colour,  and  deliquesces  after  a  few  days,  forming  oxychloride  of  phos- 
phorus, and  yielding  vermillion-coloured  crystals.  If  the  crystals  obtained  by  the 
action  of  pentachloride  of  phosphorus  on  piperic  add  be  mixed  with  piperidine,  a 
substance  is  formed  which  is  inst^uble  in  water  and  potash-ley,  bat  soluble  in  strag 
hydrochloric  acid,  alcohol,  and  ether. — 7.  Nitric  acid,  even  when  dilute^  converts 
piperic  add  into  an  orange-coloured  nitro-compound,  which,  when  heated  with  potassium- 
hydrate,  gives  off  an  odour  of  coumarin  (V.  B  ab  o  and  K  e  1 1  e  r). — 8.  Piperic  add  added 
to  fitted  potassium-hydrate  containing  a  little  water  in  excess,  is  at  first  dissolved ;  the 
mixture  then  turns  brown,  and  gives  off  hydrogen,  and  a  mass  is  formed  oontaining 
protocatechuate  [?  hvpogallate,  p.  464],  aceUte,  oxalate,  and  carbonate  of  potasdnm, 
with  a  comparatively  small  quantity  of  a  humus-like  body,  probably  a  product  of 
the  decomposition  of  the  protocatechuate.    The  reaction  is  probably 

C"H"0<  +  8H»0   =    CTEL^Q*  +  C»H«0«  +   C*H«0*  +  CO*  +  7H«.   (Strecker.) 

piperic  Protocate-         Aeetlc  Oxalic 

add.  chulcadd.  acid.  acid. 

Piperates. — ^Piperic  add  is  monobasic,  the  general  fonnula  of  ita  aalts  being 
C"H»MO*  or  C»<H'»M"0«. 

PiperaU  of  ammonium,  C"H'(NH*)0*,  forms  colourless  satiny  scales  resembling 
cholesterin.  It  gives  off  ammonia  slowly  in  moist  air  at  ordinary  temperatures,  more 
quickly  between  100^  and  160o,  and  decomposes  between  180<'  and  200^  emiUing  an 
odour  of  anise  fV.  Babo  and  Keller). — PiperaU  of  potassium^  C''fl*KO*,  obtained 
as  alreadv  described,  or  by  dissolving  the  add  in  potash-ley,  forms  vellowish-white, 
silky  laminfB,  probably  belonging  to  the  trimetric  system.  When  heated  it  glows 
and  emits  an  odour  of  anise,  and  when  subjected  to  dir  distillation,  yields  a  small 
quantity  of  tar  containing  phenol,  and  leaves  a  mixture  of  charcoal  and  carbonate  of 
potassium.  It  dissolves  sparingly  in  cold,  easily  in  boiling  water,  sparingly  in  alcohol, 
and  is  nearly  insoluble  in  ether  ( V.  B  a  b  o  and  K  e  1 1  e  r). — ^The  sodium-salt  is  precipitated 
on  dissolving  the  acid  in  hot  soda-ley,  and  cooling,  as  a  white  oystalline  powder 
sparingly  soluble  in  cold,  easily  in  hot  water,  and  predpitated  firom  the  aqueous 
solution  by  alcohoL 

The  barium-saltf  C*'H*'Ba"0',  is  obtained  by  predpitation,  as  a  loosely  coherent 
mass  of  microscopic  needles,  dissolving  with  partial  decomposition  in  about  6,000  ^ts. 
of  cold  water,  more  soluble  in  hot  water.  It  is  completely  decomposed  by  passing 
carbonic  acid  through  its  aqueous  solution.     (Foster.) 

The  caloium'Salt  forms  slender  needles,  somewhat  more  soluble  than  the  barium-salL 
— The  strontium-salt  is  a  white  predpitate.     (V.  Babo  and  Keller.) 

The  cadmium-salt  is  a  white  powder;  the  cobalt-salt  is  rose-coloured;  the  nickrl- 
salt  is  light  green  and  insoluble ;  the  cupric-salt  is  precipitated  in  slender  sky-blue 
needles  on  mixing  the  potassium-salt  with  cupric  sulphate,  more  abundantly  on  addi- 
tion of  ammonia. — ^The  ferrous  salt  is  yellowish-white,  insoluble,  easily  oxidisable. — 
The  lead-salt  is  a  yellowish  precipitate,  which  dissolves  slightly  when  heated,  and 
separates  as  a  white  crystalline  powder  on  coolins. — The  magnesium-salt  separates 
after  a  few  days  in  slenaer  needles,  from  moderately  dilute  solutions  of  piperat«  of 
potassium  and  chloride  of  magnesium. — The  manqanous-salt  forms  small,  yellowish, 
silky  laminae. — ^The  mcrcurie^alt  is  a  yellowish-white  precipitate,  from  which  potash 
separates  mercuric  oxide. — ^The  mercurous-salt  is  a  white  precipitate  reduced  by  am- 
monia.— ^The  silver-salt,  C'*H*AffO\  is  obtained  as  a  colourless,  scarcely  crystalline 
powder  by  predpitatins  nitrate  of  silver  with  piperate  of  potassium.  It  is  insoluble  in 
water  and  in  alcohol ;  does  not  lose  weight  at  100°. — The  nnc-so/^  is  a  yellowish- white 
curdy  precipitate.    (Y.  Babo  and  Keller.) 

BydropipeHoacldtC'^^K)*  (G.  C.  Foster,  Chera.  Soc  Qu.  J.  xv.  19  ;  Gm.  xv. 
11). — This  acid,  which  contains  2  at  hydrogen  more  than  piperic  add,  is  produced  by 
the  action  of  sodium -amalgam  on  the  latter.  When  an  aqueous  solution  of  pota9sic 
piperate  is  treated  with  sodium-amalgam  at  a  eentle  heat  for  some  hours,  the  addition 
of  hydrochloric  acid  predpitat^s  hydropipenc  acid  in  oily  drops,  which  gradually 
solidify  on  standing.  It  may  be  purified  by  crystallisation  from  a  large  quantity  of 
boiling  water,  or  by  solution  in  alcohol  and  treatment  with  animal  charcoal. 

Hydropiperic  acid  is  colourless  ;  tasteless  at  first,  after  a  time  somewhat  burning* 
As  deposited  from  boiling  water,  it  forms  long,  exceedingly  thin,  m]ky  needles ;  by 


PIPERIDINE.  655 

spontaneous  evaporation  of  its  ethereal  solution,  it  may  be  obtained  in  tolerably  large, 
hard  crystals,  apparently  monoclinic,  and  mostly  hemitropic.  It  melts  at  63^  or  64"' ; 
solidifit's  at  about  56^ ;  not  volatile  without  decomposition.  It  is  very  slightly  soluble 
in  cold  wttiTj  somewhat  more  so  in  hot  water;  the  hot  saturated  solution  reacts 
strongly  acid  ;  and  on  cooling  deposits  the  acid  in  oily  drops,  as  long  as  its  temperature 
is  til^re  the  melting  point  of  the  latter ;  the  rest  separates  in  long,  tliin  crystals 
(uid.sup.).  The  aoid  dissolves  in  all  proportions  in  aiookol^  and  is  very  soluble  in 
ether. 

When  heated  somewhat  above  its  melting  point,  it  gives  off  white  fumes,  which, 
when  diluted  with  much  air,  smell  like  oil  of  anise,  and  leare  a  small,  easily  com- 
bustible, carbonaceous  acid. — Strong  hydriodic  acid  decomposes  it-,  below  100°,  into 
carbonic  acid,  and  a  black  humus-like  body,  soluble  with  oiaek  colour  in  alkalis.  — 
Fuming  nitric  acid  colours  it  blood-red ;  ordinary  nitric  a  id  diluted  with  its  own 
bulk  of  water,  acts  violently  upon  it  if  gently  heated,  siving  a  solution  from  which 
trater  precipitates  a  semifluid  nitro-acid. —  Oil  of  vitriol  colours  it  blood-red. — Fused 
with  excess  of  hydrated  alkali^  it  evolves  much  gas,  and  the  brown  fused  mass  exhibits 
the  reactions  of  hypogallic  acid  C'HK)^  obtained  by  the  action  of  hydriodic  acid  on 
liemipinic  acid  (tii.  142,  239) ;  see  also  DscOMPOsmoKS  of  Pipibic  Acm  (p.  654). — 
With  chloride  of  acetyl  at  160^,  it  yields  hydrochloric  acid  and  a  neptral  oil,  insoluble 
in  water  and  dilute  alkalis. 

Hydropiperates,  C»«fl"MO*and  C»«H-"M"0«.  Th/e  ammomtm-Mlt,  C"H»»(NH*)0*, 
crystaUises  ^m  hot  water  in  small  shining  scales ;  it  is  easily  soluble  in  hot  toater, 
considerably  less  soluble  in  cold.  A  strons  aqueous  solution  can  disserve  more  hydro- 
piperic  acid,  forming  a  solution  from  which  water  precipitates  the  excess  of  acid,  and 
which  gires,  if  saturated,  an  almost  solid  mass  of  hydiopiperate  of  ammonium,  on 
addition  of  strong  aqueous  ammonia. — ^An  acid  potaisium^alt,  C^H"KO*  » 
C'«H»KO^C>*H>«0^  is  obtained  by  boiling  a  solution  of  hydropiperic  acid  in  nearly 
absolute  alcohol  with  dry  carbonate  of  potassium.  It  crystaUiMs  on  cooling  in  hemi- 
spherical masses  of  radiating  needles. 

The  bttriumsalt,  C'H^Ba'O*,  ciystallises  from  boiling  water  in  small  bunches  of 
needle-shaped  crystals. 

The  eaicitm-ealt,  C»»H"Ca"0»,  is  prepared  by  boiling  the  acid  with  milk  of  lime, 
filtering  hot,  and  separating  the  excess  of  lime  by  carbonic  acid  ;  or  by  precipitating  a 
rather  strong  solution  of  the  ammoninm-salt  with  chloride  of  calcium.  When  purified 
by  ciystallisation  from  a  mixture  of  2  pts  water  and  1  pt.  alcohol,  it  forms  small 
needle-shaped  crystals,  slightly  soluble  in  cold  water,  more  soluble  in  hot  water,  but 
partiaUy  decomposed  by  it.    The  crystals  contain  water,  which  they  lose  at  100°. 

The  silwr-saitf  C"d"AgO^,  is  a  crystalline  precipitate,  almost  insoluble  in  cold 
water,  easily  altered  by  exposure  to  light,  or  by  solution  in  hot  water. 

The  hydropiperates  of  the  other  metals  are  mostly  precipitates  insoluble  in  cold 
water. 

Hydropiperate  of  Ethyl,  C'*H»«0<  -  C»2H'»(C«H»)0«,  is  obtained  by  heating  a 
solution  of  hydropiperic  acid  in  absolute  alcohol  saturated  with  hydrochluric  acid  fur 
4  or  6  hours  to  130^  in  a  sealed  tube,  and  purified  by  solution  in  ether  and  treatment 
with  animal  charcoal.  It  is  a  brownish -yellow,  neutral  liquid  ;  heavier  than,  and  inso- 
luble in,  water ;  not  altered  by  dilute  aqueous  potash  or  ammonia,  but  decomposed  by 
gaseous  ammonia,  probably  with  formation  of  hydropiperamide,    (Foster.) 

PZPJAXBnra.    C*H"N  -  (^g'*^"|N.    (Weptheim,  Aim.Ch.Phann.lxxv. 

68. — Anderson,  ibid.  Ixxv.  82;  Ixxxiv.  346. — Cahours,  Ann.  Ch.  Phys.  [3]xxxviii. 
76. — Von  Babo  and  Keller,  J.  pr.  Chem.  Ixxii.  63. — Gm.  x.  446;  xv.  13.) — A 
volatile  base  produced  by  the  action  of  alkalis  on  piperine.  The  production  of  a  vola- 
tile base  by  heating  piperine  with  soda-lime  was  first  noticed  by  Wertheim  and  Roch- 
leder,  who  at  first  mistook  it  for  aniline,  afterwards  for  picoline.  Anderson  and  Cahours 
obtained  the  same  base  independently  of  each  other,  and  recognised  its  separate  identity. 
Its  chemical  relations  have  beon  investigated  chiefly  by  Cahours. 

Prtparation. — 1.  When  1  pt.  of  piperine  is  distilled  with  2 J  to  3  pts.  of  potash-lime 
in  a  retort  connected  with  a  cooled  receiver,  a  distillate  is  obtained,  consisting  of  water, 
two  distinct  volatile  bases,  and  a  neutral  substance  having  an  agreeable  aromatic 
odour.  When  this  crude  liquid  is  treated  with  fragments  of  caustic  potash,  a  light  oily 
substance  separates,  having  a  stronff  ammoniacal  odour,  and  dissolving  in  water  in  all 
proportions.  This  oil,  when  distilled,  passes  over  almost  wholly  between  106^  and  108^, 
but  towards  the  end  of  the  distillation,  the  thermometer  rises  quickly  to  210^,  and  there 
remains  stationary.  The  more  volatile  prxluct,  which  forms  more  than  ^  of  the  crude 
liquid,  distils  over  entirely  at  106^  when  rectified:  this  liquid  is  piperidine  (Cahours). 
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2.  Piperine  treated  with  nitric  acid  evolves  red  ftinies,  and  forms  a  substance  hanng 
an  odour  of  bitter  almond  oil,  and  a  brown  resin,  which  dissolves  with  blood-red  ooknir, 
in  potash,  and  when  boiled  with  that  substance,  yields  piperidine  in  the  form  of  a 
volatile  liquid  (Anderson). — 3.  Piperine  is  decomposed,  as  directed  at  page  653,  bv 
boiling  with  alcoholic  potash,  into  piperidine  and  piperate  of  potassium ;  and  the  mother- 
liquor  separated  from  the  crystals  of  that  salt  is  distilled  into  a  receiver  containing 
hydrochloric  acid,  wherebjr  hydrochlorate  of  piperidine  is  obtained. 

Properties. — ^Piperidine  is  a  colourless,  very  limpid  liquid,  having  a  strong  ammoni- 
acal  odour,  but  recalling  also  that  of  pepper,  and  a  very  caustic  taste  (Anderson). 
Blues  reddened  litmus  stronsly.  Boils  at  106°.  Vapour>density  »  2-958  (Cahours); 
calc.  (2  vol.)  »  2*946.  It  dissolves  in  all  proportions  in  toater,  forming  a  strongly 
alkaline  liquid  which  reacts  with  saline  solutions  like  ammonia,  excepting  that  it  does 
not  redissolve  the  oxides  of  zinc  and  copper.  Piperidine  dissolves  also  in  alcohol;  it 
coagulates  white  of  egg  after  a  quarter  of  an  hour. 

Nitrotts  acid  acts  violently  on  piperidine,  forming  a  heavy  aromatic  liquid.  Vapoiu 
of  cganio  aeid  passed  into  piperidine  forms  piperylene-carbamide  (pipeirl-nrea): 
C*H>'N  +  CNHO  «  C«H'«N*0.  Cganate  of  mctht/l  and  cyanate  of  ethyl  form 
similar  compounds,  with  1  at.  H  replaced  bv  1  at  methyl  or  ethyl  (see  Carbamidx,  i. 
767). — 3.  liiXYiiodide  of  Tnethtflf  cUoride  of  benzoyl^  &c.,it  forms  substitation-produda 
containing  1  at  of  an  alcoholic  or  acid  radicle  in  place  of  1  at  hydrogen  (p.  657). 

8  alt  a  of  Piperidine, — Piperidine  saturates  the  strongest  acids,  and  forms  ciys- 
talline  salts  wiui  sulphuric,  hydriodic,  hydrobromic,  hydrochloric^  nitric  and  oxalic 
acids.     (Ca  hours.) 

The  hydrochlorate  forms  long  colourless  needles,  easily  soluble  in  water  and  alcohol, 
volatilising  at  a  moderate  heat  and  not  altered  by  exposure  to  the  air.  The  solution 
forms  with  trichloride  of  gold  small  needles  of  a  fine  yellow  colour,  and  with  Utrarhlo- 
ride  of  platinum,  long  orange-coloured  needles,  2(OH"N.HCl).Pt''Cl\  veiy  soluble  in 
water,  less  soluble  in  alcohol  (C ah  ours).  With  dichhride  of  platinum  piperidine 
forms  the  compound  (C*H"N)*Pt"Cl*,  the  solution  of  which  in  a  large  quantity  of 
boiling  water  deposits  the  piperidine-compound  analogous  to  Magnus's  green  ammonio- 
chloriae  of  platinum.     (See  Pultinuv-basbs.) 

Hydriodate  of  Piperidine,  C*H*'N.HI,  crystallises  in  lone  needles  resembling  the 
hydrochlorate. — The  nitrate,  C*H"N.HNO',  forms  small  needle-shaped  crystals. — ^The 
oxalate  forms  delicate  needles. 

Piperate  of  Piperidine,  C*H"N.C"H'«0*,  is  obtained  b^  dissolving  piperic  acid  in 
aqueous  piperidine,  as  a  crystalline  pulp,  and  on  dilution,  in  colourless  lamin»  having 
a  silky  lustre.  In  contact  with  the  air  or  with  oil  of  vitriol,  it  turns  yellow  from  loss 
of  piperidine.  It  melts  at  100°  without  further  alteration,  and  when  strongly  heated 
gives  off  piperidine  and  decomposes.  When  heated  for  some  time  to  150°,  it  becomes 
partially  insoluble  in  water,  but  if  then  dissolved  in  an  alkali,  it  yields  unaltered  pipene 
acid  when  decomposed  by  acids.  With  pentachloride  of  phosphorus,  it  behaves  like 
piperic  acid.    (Babo  and  Keller.) 

The  sulphate,  (C»H"N)«H*SO*,  obtained  by  saturating  the  base  with  sulphuric  acid, 
is  crystallisable,  deliquescent,  and  very  soluble  in  water.  A  solution  of  1  at.  of  this 
salt,  boiled  with  2  at  cyanate  of  potassium,  yields  piperylene-carbamide  and  sulphate  of 
potassium : 

[(C»H»«)''HN]«H«SO«   +    2[^"|n]    -  2  F  M    +  K^^*- 

Compound  of  Piperidine  with  Carbonic  Bisulphide,  (  C*H*  *N)*CS*,  or  Piperyl-sulphoear- 

(C*H'«r)jT 
hamate  of  Piperylene-ammoniumf    (CS)"    yt  — This  compound  is  obtained  by  carefiilly 

dropping  sulphide  of  carbon  into  piperidine,  and  crystallising  the  product  from  alcohol. 
It  dystallises  in  slender  needles  belonging  to  the  monoclinic  system. 

Substitution-derivatives  of  Piperidine. 

a.  Containing  Alcohol-radicles. 

Piperidine  exhibits  the  characters  of  a  secondary  monamine,  inasmuch  a^  when 
heated  with  the  iodide  of  a  monatomic  alcohol-radicle,  it  yields  the  hydriodate  of  a 
volatile  ammonia-base,  which  when  separated  by  potash,  and  heated  witb  a  monatomic 
alcoholic  iodide,  unites  directly  with  it,  forming  an  iodide  of  an  ammonium-base.    Ita 


formula  is  therefore  probably  ^     H       i  ^* 
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BCetbyl-^lpertdbie.  C^i*N  »  (C*H'*y'(CH*^N.  — The  kydriodaUh  obtainod 
by  dropping  piperidine  into  an  equal  Tolume  of  coojed  iodide  of  methjl : 

(C»H»»)"HN  +  CBPI     -     (C»H"nCH»)N  +  HI. 

The  aqueoos  solution  of  this  salt  treated  with  potash  yields  the  base  as  a  transparent 
oil  of  aromatic  and  ammoniacal  odour,  soluble  in  water,  boiling  st  118^,  and  having  a 
Taponr-density  of  8-544 ;  calc.  -  8-431.— The  h^drocklonUe,  0'H>'N.HC1,  forms  fine 
colourless  needles.'The  ehloroj^naU,  2(C*H"X.HCl).PtCi\  is  obtained  by  sponU- 
aeous  evaporation  of  its  alcoholic  solution,  sometimes  in  needles,  ttometimes  in  orange- 
coloured  plates.    (Cahours.) 

Iodide  of  Dimethyl'piferyUne-ammonium,  CTl'«NI  -  (C»H»*)"(CH»)*NI. 
— ^Methyl-piperidine  and  iodiae  of  methyl  heated  together  for  some  days  to  100^  in  a 
sealed  tube,  unite  and  form  this  compound,  which  separates  from  alcohol  in  fine  crystals, 
and  when  heated,  either  alone  or  with  solid  potash,  partly  volatilises  undeoompoeed, 
and  is  partly  resolved  into  methylic  iodide  and  methyl-piperidine.    (G  ah  outs.) 

Btliyl-plperidina.  CrH'»N  -  C»H»*(C«H»)N  -  (C»H»«nC«H»)N.— The  kydri- 
odatc^  prepared  like  the  corresponding  methyl-compound,  yields  the  base  bv  distillation 
with  potash,  as  a  colourless  mobile  oil,  less  aromatic  than  methyl-piperidine;  lighter 
than  water,  in  which  it  is  less  soluble  than  methyl-piperidine,  easily  soluble  in  alcohol 
and  ether.    Boils  at  128^.    Vapour-density,  obs.  «  3-986 ;  calc.  -  3*917. 

The  hydrochloraUy  CHi*K.HCl,  forms  beautiful  highly  lustrous  needles.— The 
ehloroplatinate,  2(C'H**N.HCl).PtCl^  oystallises  fiom  warm  aqueous  alcohol  in  vexy 
beautiful  orange-coloured  crystals. 

Iodide  of  Diethyl-piperylene-ammonium,  C»H»NI  »  (C"H'T(C«H»)«NI. 
— Obtained  like  the  corresponding  methyl-compound,  as  a  viscid  mass,  which  dissolves 
in  all  proportions  in  water,  but  does  not  crystallise.  In  contact  with  oxide  of  silver,  it 
yields  iodide  of  silver,  and  a  bitter  alkaline  solution  which  yields  b^  evaporation,  deli- 
quescent crystals  of  hydrate  of  dieihyl-piperylene-ammonium^  resolvable  bv  heat  into 
ethvl-piperidine  and  a  oonibustible  ^.  This  hydrate  dissolves  in  hydrochloric  acid, 
and  the  solution  when  groporated  yields  deliquescent  crystals  of  the  hydrochlorate, — 
The  chloroplatinatff  2C'H*NCIJ^C1\  is  precipitated  on  mixing  the  hyiuochlorate  with 
aqueous  tetrachloride  of  platinum,  or  crystallises  on  cooling  from  a  mixture  of  the 
boiling  dilate  solutions,  in  small  orange-coloured  crystals  resembling  chloroplatinate  of 
potassium.    (Cahours.) 

Amyl-fftparldliM,  C^^HnN  »  (C*H<T(C*H>>)K.-*Frepared  like  the  preceding 
compounds.  Colourless  oil,  boiling  at  186^,  and  smelling  like  ammonia  and  fiisel-oil. 
Vapour-density,  obs.  ■»  6*477 ;  calc  ■■  5*373.  It  is  less  soluble  in  water  than  methyl- 
or  ethvl-piperidine;  forms  crystalluable  salts  with  most  acids.  The  hydriodaie, 
C**H*>N.HI,  crystallises  in  broad,  white,  shining  laminse.  The  chloroplatinate, 
2(Ci*H*>N.HCl)  JtCl\  crystallises  from  warm  moderately  dilute  alcohol  in  very  hard 
prisms  of  a  fine  orange  colour.    (Cahours.) 

/3.  Containing  Acid-radidea 

BeBa«vlparld«»  CHi^NO  -  C*Hi«(C'HK))N.— By  treating  piperidine  with 
chloride  of  benzoyl,  a  heavy  oil  is  obtained  which,  when  treated  with  acidulated  water, 
yields  hydrochlorate  of  piperidine,  while  bensopiperide  remains  undissolved,  and 
quickly  solidifies.  When  purified,  by  reaystallisation  from  alcohol,  it  forms  beautiful 
colourless  prisms. 

CromarlHptpeHde,  C^IP^NO  -  C'Hi^C**H*<0)N,  obtained  like  the  preceding, 
by  the  action  of  chloride  of  cumyl  on  piperidine^  forms  beautiAil  tabular  crystals. 


See  Ca&bamidbs  (i.  757). 

C'^>*NO*.  (Oersted,  Schw.  J.  zxiz.  80.— Pelletier,  Ann.  Ch. 
Phys.  [2]  xvi.  844;  li.  199 — Merck,Trommsd.  N.  J.xx.1,  84.— Wackenroder,  Br. 
Arch,  xxxvii.  847.— Duflos,  Schw.  J.  Ixi.  22.— Varrentrapp  and  Will,  Ann.  Ch. 
Pharm.  xxxix.  283.— Th.  Wertheim,t5tV2.  Ixx.  58.— Gerhardt,  Compt  Chim.  1849, 
p.  375 ;  Ann.  Ch.  Phys.  [3]  til  253.— Anderson,  Ann.  Ch.  Pharm.  Ixxv.  82;  Ixxziv. 
845. — C a h o u rs,  Ann.  Ch,  Phys.  [3]  xxxviii.  76.— S teuhouse,  Ann. Ch.  Pharm. xcv. 
106 — Von  Babo  and  Keller,  J.  pr.  Chem.  Ixxii.  53. — Strecker,  Ann.  Ch.  Phamu 
cv.  317.— Gm.  XV.  19.— Gerh.  iv.  98.^ 

This  alkaloid,  discovered  by  Oersted  in  1819,  exists  in  long  and  black  pepper  (Piper 
niyrum  and  P.  longum),  also,  according  to  Stenhouse,  in  the  black  pepper  of  Western 
Africa,  Cubeba  Clusih  which  does  not  contain  cubebin.  According  to  Landerer 
(Vierte^ahrschr.  pr.  Pharm.  xi.  72),  it  exists  also  in  the  berries  of  Schinus  mollis,  a 
trre  belonging  to  the  terebinthaceous  ord^r. 
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iVie)Nifia/<0fi.— White  pepper  is  exhaiuted  with  alcohol  of  specific  gravitj  0833 ;  the 
tincture  is  distilled  to  an  extract ;  and  this  extract  is  mixed  with  potash-ley,  which 
dissolves  the  resin  and  leaves  a  green  powder.  The  latter  is  washed  with  water,  dis- 
solved in  alcohol  of  specific  gravity  0*833  and  cirstallised.  By  repeated  crystallifaitioii 
the  piperine  is  obtained  colourless  (Poutet,  J.  Chim.  med.  L  631 ;  BcarzeL  Lehih. 
3  Aufl.  vii.  677). — Stenhouse  dissolves  the  extract  of  cabebs^  prepared  with  wood-spirit, 
in  alcohol,  and  mixes  it  with  strong  potash4ey,  whereupon  a  brown  oil  separateSt  wfai^ 
yields  crystals  on  standing.  The  mother-liquor,  if  again  mixed  with  alcohol,  yields 
another  portion  of  oil,  which  likewise  deposits  crystals  on  standing.  These  crystals  sie 
purified  by  pressure  and  recrystallisation. 

Winckler  (Mag.  Pharm.  xviii.  163)  distils  the  alcohol  from  the  alcoholic  tincture 
of  Ions  pepper ;  dissolves  the  residue  in  the  required  quantity  of  hot  alcohol ;  precipitates 
the  solution  with  basic  acetate  of  lead ;  mixes  the  filtrate  while  warm  with  as  much  sul- 
phuric acid  as  is  necessary  to  precipitate  the  lead ;  filters  while  warm ;  distils  the 
alcohol  from  the  filtrate ;  exhausts  the  residue  with  water ;  and  dissolves  the  undissolved 
portion  in  hot  alcohol,  whereupon  piperine  crystallises  on  cooling. 

Impure  piperine  may  be  punfied  by  washing  with  absolute  alcohol,  or  better  vith 
weak  potasn-ley.    (Henry  and  Plisson.) 

Properties. — ^Piperine  crystallises  in  colourless  monoc£uuc  prisms,  exhibiting  the 
combination  ooP .  oP,  sometimes  with  [  ooPoo  ].  Batio  of  a :  6  »>  1*468  :  1.  Angle  of  in- 
clined axes  6,  <T  -  70^  42'.  Angle  ooP :  ooP  (orthod.)  -  84<>  30' ;  oP  :  qdP  »  76^  bff 
(Eopp).  It  melts  at  about  100<'  (Pelletier),  at  100<>  or  above  (Wackenroder)^ 
to  a  pale  yellow  limpid  oil,  which  solidifies  on  cooling  to  a  pale  yellow  transparent, 
strongly  refracting  resin.  The  specific  gravity  of  fi^ed  piperine  is  1*1931  at  18^. 
(Wackeuroder.) 

Piperine  is  insoluble  in  cold,  very  slightly  soluble  in  boiling  water;  soluble  in 
alcohol,  especially  when  warm,  less  soluble  in  ether.  The  alcoholic  solution  has  a 
very  hot  taste  like  that  of  pepper.  It  dissolves  also  in  volatile  oils  and  in  acetic  acid, 
but  not  in  alkalis.    The  solutiona  have  no  action  on  polarised  light. 

CalnUaiiom,  Liebig.    Pdletler.  RegnauU.  Oerhtrdt.    Lfturent.  StenhooM. 

mean,        mean* 
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Will  and  Varrentrapp  found  4*66  per  cent,  nitrogen.    Kegnault  (Ann.  Ch.  Phys. 

2]  Ixviii.  168)  first  gave  the  correct  formula,  which  was  corroborated  by  Laurent  (ibid. 

3]  xix.  363),  andfinally  settled  by  Strecker^s investigation.   Older  formulse :  €^IiB^*(J^ 

Pelletier);  C^^^«0>(Liebig,Ann.Ch.Pharm.vi.  36);  C^«iV*.H»0'»(Gerhardt); 

C^N*}p»0"  (Wertheim);  C^If*B*^0^*  (v.  Babo  and  Keller).     Compare  also  0. 

Henry  and  Plisson  (J.  Pharm.  xvii.  449). 

Decompositions, — 1.  Piperine  blackens  by  dry  distillation,  and  3'ields  a  brown  empy- 
reumatic  oil,  from  which  carbonate  of  ammonium  crystallises  (Gmolin). — 2.  Heated 
in  a  platinum  spoon,  it  melts  like  wax,  takes  fire  at  a  stronger  heat>  and  leaves  an 
easily  combustible  charcoal  (Merck). — 8.  Piperine  suspended  in  acidulated  water 
and  exposed  to  the  action  of  the  dectric  current^  is  violently  attacked,  as  also  by  hot 
concentrated  nitric  acid  (Hlasiwetzand  Bochleder,  Wien.  Akad.  Ber.  v.  447).— It 
is  coloured  blood-red  by  oil  of  vitriol^  loses  this  colour  on  addition  of  water,  and,  if  the 
action  of  the  oil  of  vitriol  has  not  been  continued  for  a  very  long  time,  does  not 
appear  to  be  sensibly  altered  (Pelletier).  Broinine  converts  piperine  into  a  pecu- 
liar, non-crystalline  product  (Gerhardt).  Iodine  acts  upon  it  onlv  when  the  two 
are  ftised  together,  forming  a  dark  black-brown  mass,  whioh  hardens  on  cooling 
(Wackeuroder). — 0.  Nitric  acid  colours  pipeline  greenish-yellow,  orange,  and  then 
red;  dissolves  it  with  a  yellow  colour,  the  solution  yielding  dirty  yellow  fiakes  when 
mixed  with  water ;  and  on  further  action,  produces  oxalic  acid,  together  with  a  yellow 
artificial  bitter  (Pelletier,  Oersted,  Wackenroder).  Strong  nitric  acid  forms 
an  orange-red  resin,  which  partly  dissolves  with  deepening  colour  when  heated.  The 
solution  no  longer  yields  piperine  when  treated  with  water  or  alkalis  (Duflos).  The 
brown  resin  which  is  produced  from  piperine  by  nitric  acid,  with  violent  action,  evolu- 
tion of  nitrous  acid,  and  the  odour  of  bitter  almond-oil,  assumes  a  splendid  blood-red 
colour  when  treated  with  hydrate  of  potassium,  and  when  boiled  tnerewith  yields  a 
distillate  of  piperidine  (Anderson).  Von  Babo  and  Keller,  by  treating  piperine 
with  nitrous  acid,  and  subsequently  distilling  it  with  potash-ley,  obtain^  volatile 
needles  which  had  the  odour  of  coumarin,  melted  in  boiling  water,  dissolved  in  alcohol 
and  ether,  and,  after  fusion  with  hydrate  of  potassium,  gave  the  reaction  of  salicylic 
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acid  with  feme  chloride. — 7*  By  boiliDg  with  aleohoUe  paUuk,  pip«rina  is  conTcrted  into 
piperidine  and  pipente  of  potasrinm  (p.  663).  When  distiiled  with  potask4ime  it 
yields  piperidine,  together  with  other  products;  If  the  tempenture  does  not  rise  above 
150° — 160°,  no  ammonia  is  given  ofl^  and  the  brown  residue  contains  an  asotised  add 
which  may  be  separated  by  hvdrodiloric  acid;  it  is  yellow,  resinous,  and  becomes 
strongly  electric  by  friction.  If  the  mixture  of  piperine  and  lime  is  heated  to  200°,  it 
gives  off  ammonia,  and  the  residue  often  contains  an  uncrystallisable  non-asotised  add 
(Wertheim).  Piperine  heated  with  hydrate  of  potassium  melts,  gives  off  a  sharp 
odour  of  pepper,  and  yields  a  milky  aqueous  distillate ;  at  a  stronger  heat,  it  gives  off 
hydrogen  and  finally  ammonia  (G-erhardt). — 8.  Piperidine  heated  with  add  ekromate 
of  potassium  and  fidphurie  acid  gives  off  a  laige  quantity  of  carbonic  anhydride  and 
yields  a  slightly  acid  aqueous  distillate  which  reduces  nitrate  of  silver  (Gerhardt). 
2.  Permanganate  of  potassium  added  to  a  solution  of  piperine  mixed  with  sulphurie 
odd,  colours  it  green  after  a  few  hours  (Duflos). — 10.  fkosphomolybdie  add  colours 
piperine  brown-yellow,  and  predpitates  it  in  flocks  (Sonnenschein).  Piperine  also 
forms  a  yellow  predpitate  with  phosphanHmonie  aeid  (p.  496). 

Salts  of  Piperine.  Piperine  is  but  a  weak  base,  and  does  not  form  salts  with 
all  adds. 

Hydrochlorate. — ^Piperine  absorbs  from  13*0  to  13*7  per  cent,  hydrochloric  add  gas, 
forming  a  product  which  melts  and  crystallises  on  cooling;  dissolves  in  alcohol,  but  ui 
decomposed  by  water. 

The  chloromfrcuraU,  2C**Hi*N0*.HCLHe'Cl*,  is  obtained  by  mixmg  a  solution  of 
1  pt  piperine  in  strong  alcohol  slishtly  addulated  with  hydrochloric  acid,  and  2  pts. 
of  mercuric  chloride  also  dissolved  in  alcohol,  and  leaving  the  mixture  at  rest  for 
several  days.  It  then  deposits  the  mercury-salt  in  yellow,  shining,  transparent, 
triclinic  crystals  which  become  darker  when  exposed  to  the  air  or  heated  to  100°. 
(For  details  of  the  crystalline  form,  seeSchabus,  Bestimmnng  der  KrystaUgestalten^ 
sc,  p.  198;  also  Gm.  xv.  23.)  The  salt  is  insoluble  in  water,  slightlv  soluble  in 
strong  hydrochloric  acid  and  in  cold  alcohol,  more  soluble  in  boiling  alcohoL 

Chloroj^tinaU,  4G"H'*NO*.2HCLPt'^Cl« ^Obtained  in  Lii}^  roseate,  monodinic 

crystals,  by  mixing  a  concentrated  alcoholic  solution  of  piperine  with  a  concentrated 
alcoholic  solution  of  platinic  chloride  acidulated  with  strong  hydrochloric  acid.  It  is 
very  slightly  soluble  in  water,  and  appears  to  be  partially  decomposed  by  a  large 
quantity ;  moderately  soluble  in  boiling  alcohol,  whence  it  separates  on  cooling  as  an 
orange-coloured  crystalline  powder.  It  may  be  dried  at  100°  without  alteration,  but 
melts  and  decomposes  with  intumescence  at  a  higher  temperature. 

Iodide  of  Piperine. — ^Piperine  unites  with  iodine,  forming  shining,  bluish-black 
needles,  soluble  in  alcohol  and  containing  40"H**N0M'.  (Weltsien,  ZusammensteU 
lung,  p.  662  ) 

PZVasXTJB,  OUKUWK  MMMTHMf  volatile  oil  of  peppermint,  is  prepared  by 
distilUng  ^e  herb  of  Mentha  piperita  with  water.  It  is  a  transparent,  usually 
colourless,  but  sometimes  greenish  oil,  vexy  mobile^  having  a  pungent  odour  and  an 
aromatic  burning  taste  with  cooling  after-taste.  Spedfic  gravity  »  0-902 — 0*91 
rSlanchet  and  Sell);  0'899  after  several  rectifications  (Kane):  0*9028  at  14*6° 
(Gladstone).  For  the  refractive  and  optical  rotatory  power,  according  to  GKadstone, 
see  Oils,  volatiui  (p.  189).  Boiling  ^int  188°— 198°  (Kane).  When  exposed  to 
eold,  or  submitted  to  fbictional  distillati<m  it  deposits  Peppermint-camphor  or  Men- 
thol, C^^H'^O  (ill  880),  in  quantities  varying  according  to  its  origin.  The  permanently 
liquid  portion  of  the  oil  has  the  composition  C"H^,  according  to  Blanchet  and 
Sell;  C**H<«0*,  according  to  Kane  (J.  pr.  Chem.  xx.  439). 

99mmm•w^.'m9rm..^M.'^^Mmrf^'^^  Piperyl-carbamide  or  PiperyUurea.  (See 
OAnBAxmi,  i.  767.) 

ra-SinLVHOCABBAaKIO  AOXB.    See  PiFEBlDoni  (p.  666). 
TOWBa    A  variety  of  day-slate. 

A  vessel  with  a  bulb  and  narrow  neck  used  for  transfeiring  liquids 
(See  Analtbis,  VoLViarrBic,  i.  266.) 

•    Iron  lime-gamet. 

Syn.  with  Pybofb. 

A  native  sulphate  of  copper  and  iron  found  in  a  cave  near  a  bed  of 
cupriferous  pyrites  in  Turkey.  It  gave  by  analysis  16*66  per  cent  Gu^O,  10*98  Fe^O, 
29*90  SO*  and  43*66  water,  agreeing  with  the  formula  (On  ;  Fe)"80*.7&'0.  (Pisani, 
Jahresb.  1869,  p.  811.) 


S|yn.  with  PusToim  (p.  360.) 
•  u  u  2 
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VXSSOVXAn*  An  amorphous  or  stalactitic  minanil  oocmring  at  Ganudorf 
near  Saalfeld,  and  at  Reichenbach  in  Saxony,  consiatiiigof  basic  altiminioo-ferric  sulphate. 
Baldness  ■■  1*6.  Specific  gravity  1*93 — 1*98.  It  is  transparent^  with  oliye-green 
ocdoiir  and  Titreous  lustre ;  very  firajgile  and  exhibits  a  conchoidal  fracture.  It  has  been 
analysed  byErdmann  (Schw.  J.  IxiL  104),  with  the  following  results: 

Gaogue  and 
AISQS.     F^OS.      SOS.       IPO.       km. 

1.  Green  .        .        .     3616      974    1270    4169    071       =       100 

2.  „      .        .        .    86-80       9-80     12-49    41 70    0*70       -       100 
8.  Yellow  .        •        .      6-80    4006     11-90    4013     1*11       m       100 

Nos.  1  and  2  are  probably  8M«0".SOM6HK)  or  more  exactly  6M«O«.2SO«.30H*0; 
Ko.  3  is  2M«0*.SO«.16H«0.    (Dana,  il  390.) 

yzSTACUL.  The  berries  of  Pisiaeia  Leniiseue,  a  teiebinthaceous  phint  common 
in  Algeria,  yield  when  comminuted  and  boiled  with  water,  firom  20  to  26  per  cent,  of 
a  dark  green  sharp-tasting  fiit^  which  melts  completely  at  32^ — 34^,  and  may  be 
resolved,  by  partial  solidification  and  decantation  of  the  still  fiuid  portion,  into  a  white 
crystalline  fat  melting  at  84^ — 36^  and  a  dark  green  fat  remaining  fluid  at  0®» 
(Leprieur,  lUp.  Chm.  app.  ii  828.) 

VZBTAOXra.    Lime  and  iron  epidote  (ii  390.) 

WIVTOmamvrmm    Syn.  with  Hmetih-spab  (iii  928). 

9ITOK.  Poix.  JPeeh.  This  term  ii  applied  to  a  variety  of  solid  resinous  sub- 
stances which  are  generally  of  a  dark  colour  and  brilliant  lustre.  The  common  kinds 
of  pitch  are  obtained  from  some  one  or  other  of  the  various  kinds  of  tar  produced  in  the 
destructive  distillation  of  wood,  coal,  &c.,  and  are  prepared  by  evaporating  ofiT  from  the 
tar,  the  liquid  oily  substances  mixed  with  the  solid  resinous  matters,  until  the  residuum 
}xdB  the  desired  consistence. 

A  certain  amount  of  pitch  may  in  this  way  be  obtained  fhnn  all  kinds  of  tar ;  but  ss 
9  rule,  the  tar  produced  in  destructive  distillation  at  high  temperatures,  and  that 
obtained  from  highly  resinous  wood  and  from  caking  coal,  even  at  comparatively  low 
degrees  of  heat,  contains  a  much  larger  proportion  of  the  solid  resinous  substances 
ifhich  constitute  pitch,  than  the  tar  produced  at  a  low  red  heat,  or  obtained  from  bitu- 
minous minerals  which  do  not  cake  or  undergo  a  kind  of  partial  fusion  when  heated. 
(Bee  Tab.) 

Pitch  is  generally  prepared  either  horn  Archangel,  Stockholm  and  American  tar,  or 
from  that  kind  of  cou-tar  produced  in  the  manufacture  of  illuminating  gas.  Besides 
these  kinds  there  are  several  varieties  of  pitch  which  occur  native  and  are  commonly 
termed  mineral  pitch.    (See  Asphalt,  i.  426.) 

Little  is  known  of  the  chemical  history  of  the  several  varieties  of  pitch ;  but  in  general 
their  constitution  is  probably  more  or  less  analogous  to  that  of  other  resins,  and  like 
these  latter,  they  present  specific  diiferenees  in  their  behaviour  with  solvents^  Ac 
Another  kind  of  pitch,  caUed  Burgundy  pitch,  is  employed  in  medicme,  and  is  the  melted 
resin  of  Abietis  retina  or  Thus,    It  is  of  a  yellowish-white  colour.  B.  H.  P. 

KTCBf  atlH  MItATi.    Syn.  with  Bftumbx. 

PXTOBBlaaffSa.    Native  oxide  of  uranium  (see  UiUNiuic). 

PSTCB8TOn«  A  felspathic  rock  (ii.  628)  containing  excess  of  silica,  and 
having  a  pitchy  rather  than  a  glassy  lustre. 

PITOBT  ntOW  OlKMm  A  term  applied  sometimes  to  triplite  (p.  671),  some* 
times  to  pitticite  {iti'ra),  sometimes  to  a  variety  of  brown  haematite. 

PICT  II B  A  JW  TITM.  A  daric  green  mineral  from  Pitkiiranta  in  Finland,  consist* 
ing  of  an  altered  hornblende,  occurring^  according  to  Scheerer,  in  crystals  having  the 
form  of  augrite,  and  splitting  into  thin  plates  parallel  to  the  orthodiagonal.  Contains, 
according  to  an  analysis  byK.  Richter:  61-26  per  cent.  SiO*,  0-41  APO",  12-71  Fe'O, 
0*83  Mn'O,  13-80  2^"0,  917  Ca"0  and  262  water.  {Rammdsber^e  MmmUekemie, 
p.  498.) 

PXTOTZVa.  An  alkaloid  obtained,  according  to  Peretti  (J.  Pharm.  Oct  1835, 
p.  618),  from  CMna  Pitoya,  which  is  probably  identical  with  CMna  bicolor  or  C%. 
Tecames.  It  is  soluble  in  water,  alcohol,  and  ether,  and  has  a  slightly  bitter  taste,  which 
is  stronger  in  the  aqueous  or  alcoholic  solutions  of  its  salts.  It  mdts  at  100^,  and 
partly  volatilises  at  a  higher  temperature  in  very  bitter  vapours  which  condense  in 
prismatic  crystals.  It  is  decomposed  by  hot  strong  nitric  acid.  It  is  said  to  be  a 
febrifuge.    (Handw.  d.  Chem.  vi.  640.) 

(from  Tirra,  pitch,  and  iraA^s,.  ornament. or  beauty).     One  of  the 
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numettons  substancM  disooyerod  by  Beichenbach  in  the  coune  of  his  refeuches  on  tha 
oils  produced  by  the  distillation  of  wood-tar.  Its  composition  is  unknown.  It  is 
obtained  by  acting  on  the  heaviest  or  least  rolatile  portion  of  the  oil  first  with  potash, 
nntil  the  free  acids  are  nearly  neutralised,  and  then  with  baiyta-water.  Li  this 
manner  a  deep  blue  colour  is  formed.  This  blue  substance  is  pittacal,  probably  in  a 
yejy  impure  condition.  In  the  solid  state  it  possesses  a  coppeiy  or  bronae-like  lustre ; 
but  this  property  is  not  characteristic,  as  it  is  shared,  not  only  with  almost  all  coal-tar 
colours,  out  also  with  indigo  and  prussian-blue. 

Pittacal  appears  to  have  decided  basic  characters,  for  it  is  dissolved  by  acids  and 
precipitated  by  alkalis.  It  is  tasteless,  inodorous,  and  not  volatile  without  decomposi- 
tion. It  is  insoluble  in  water,  alcohol,  or  ether,  and  no  process  is  known  by  which  it 
can  be  separated  from  other  substances,  or  its  purity  ascertained.  It  forms  a  species 
of  lake  with  alumina,  and  is  said  to  dye  a  &st  blue  on  vegetable  tissues  mordantea  with 
tin  or  alumina.  Its  add  solutions  are  reddish ;  but>  when  diffbsed  in  water,  it  is  said 
to  have  a  greenish  tint 

In  many  of  its  reactions,  it  resembles  the  colouring  matters  formed  by  acting  with 
oxide  of  silver  or  alkalis  on  the  iodides  of  the  ammoniuQi-bases  derived  from  certain 
tertiary  monamines.  Indeed  the  late  Dr.  Gregory  in  the  last  edition  of  his  **  Orsanic 
Chemistry'*  (p.  471),  suggests  that  the  beautifiil  coloured  compounds  obtainra  by 
treating  iodide  of  ethyl-cnmolyl-ammonium  with  oxide  or  sulphate  of  silver,  may  be 
identical  or  homologous  with  pittacal.  But  it  must  not  be  foxgotten  that  those  colours 
were  yielded  only  by  the  bases  derived  from  the  products  of  the  distillation  of  cin- 
chonine,  and  that  the  same  products  cannot  be  procured  from  the  isomeric  bases  of  the 
leucoline  series.  On  the  other  hand,  the  reactions  which  occur  during  the  formation  of 
.the  blue  obtained  by  acting  on  a  solution  of  iodide  of  pelamine  (iii.  673)  with  potash 
or  ammonia,  remarkably  resemble  the  phenomena  observed  in  the  production  of 
pittacal.  (See  AlCTL-CHnroLiiiE,  i.  873.)  The  insolubility  in  alcohol  appears  to  be 
the  chief  mstinction  between  pittacal  and  the  coloured  derivatives  from  coal-tar  or 
cinchonine. 

On  treating  thp  heaviest  bases  from  coal-tar  with  solid  potash  in  the  process  for 
rendering  them  anhydrous,  the  fluid  (ascertained  to  be  free  from  copper)  often 
becomes  of  a  light  blue  colour,  which  seems  to  indicate  the  presence  of  a  substance 
allied  to  the  body  from  which  pittacal  is  derived. 

The  interest  attadiing  itself  to  pittacal  is  rather  increased  than  lessened  by  the 
researches  which  have  been  made  upon  the  colouring  matters  of  coal-tar,  because  they 
appear  to  show  that  wood-tar  may  eventually  become  a  source  of  new  colours.  At  the 
same  time,  the  comparatively  small  amount  of  nitrogen  in  wood,  while  limiting  the 
formation  of  alkaloicb,  points  to  the  heavier  and  less  Imown  non-basic  oils  as  the  chief 
source  of  new  derivatives.  C.  G.  W. 

yimoiTB.  PUtisite.  IraniitUer,  DianmaU  t^  Iron.  Fitehv  Iron  on,  JEEsen- 
peekere, — ^An  arsenato-sulphate  of  iron  occurring  in  remform  masses,  having  a  yellowish 
or  reddish-brown,  blood-red,  or  white  colour,  yellow  streak  and  vitreous  lustre ;  trans- 
lucent to  opaque ;  hudnees  m  2  to  3 ;  specific  gravity  ■■  2*2  to  2*6. 

JnalyuB,— a.  From  Freiberg  (Str  omey  er,  Oilb.  Ann.]zi.  181). — b,  F^mSchwarsen- 
bers  in  Saxony  (Bammelsberg^  Fogg.  Ann.  Ixzii  139). — e,  a.  From  SieglitzstoUen 
in  ue  Badhsusbeig^  near  Gastein :  ydlow  (Bammelsberg) : 

AifO*.  80>.  F«sO>.  MflSO>.  H*0. 

a,  26-06  1004  3310  064  20-26  ••      9910 

6.   26-70  13*91  84*86  .    .  24-54  »  100 

e.  24-67  6*20  64-66  .    •  16-47  »  100 

d.  28-46  4*36  6800  .    .  1269  -  10340 

These  analyses  show  that  the  mineral  is  of  varying  eompoeition.  Analysis  a  may  be 
represented  by  the  formula  (3FeK)*.2AsK)*).(Fe*O*.2SO*).30HK) ;  which  contains  the 
same  salts  as  diadochite;  b  hj  (3FeH)'.2AsH)*).(FeK)*.8SO*).24HH),  containing  1  at» 
SO*  more  than  the  preceding;  e  and  d  are  mixtures. 

An  impure  variety  of  pitchblende. 

■  A  sniphantimonite  of  lead  occurring  at  Wolfsberg  in  the  Harta^ 
in  monoclinic  crystals  having  the  axes  a:b:  e  i-  0-8802  :  1  :  0-37016.  Angle  of  in- 
clined axes  -  72^'  28'.  odP:  ooF  -  850  26';  oP :  [Poo  ]  -  1699  9'.  Observed  combi- 
nation, 2P  .  oP .  P  .  ooPoD.  The  crystals  are  thick  tabular;  the  face  oP  shining 
and  smooth,  the  others  striated.  Cleavage  panillol  to  2P,  perfect  The  mineral  occurs 
also  massive,  erannlar.  Hardness  »  2*6.  Specific  gravity  «  6*4.  Lustre  metallic^ 
Colour  blackish  lead-grey.    Opaque.    Brittle.    Before  the  blowpipe  it  decrepitateii 
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and  melts  easily,  giTing  off  fdmas  of  snlphnr  and  anUmonioiiB  oodde,  and  coating  the 
chucoal  with  oxide  of  lead. 

According  to  an  analysis  by  H.  Rose  (Pogg.  Ann.  xxviii.  428),  it  contains  21-5S  per 
cent,  sulphnr,  37'94  antimony,  and  40-52  le^  agreeing  most  nearly  with  the  fbrmnk 
Fb%b*S>'  «  6Pb''S.4Sb*S*,  which  xeqniree  21*10  per  cent  snlphnr,  S7*86  antimoDj, 
and  40*74  lead. 


A  mineral  consisting  of  hydrated  alnminic  phosphate  with  caprie 
and  ferric  hydrates,  occurring  in  fissures  of  disintegrated  quartz  at  Gnmeschefak  m 
the  Ural,  in  botryoidal  aggregations  haying  an  indutinct  fibrous  stmctore,  a  green 
colour  in  the  recent  state,  translucent  on  the  edges.  Specific  gravity  »  2*65.  It  is  hot 
slightly  attacked  by  acids,  but  easily  by  caustic  potash  or  soda,  which  dissolves  the 
phosphate  of  aluminium,  leaving  a  brown  residue.  Analysis  gave  33*94  per  cent. 
P«0*,  37-48  AlK)",  3*78  Cu"0,  3*62  Fe'O  and  20*93  H«0  («  99*59),  answering  to 
the  formuk  4(3Al«0".2PK)».9HK)).3(Cu  ;  Fe)"H«0«.  (R.  Hermann,  Jahresb.  1862, 
p.  764.) 

FXUUTTACHI.  The  a^  of  the  sea-ade  plantain  {Piantago  nuaritimeC)  has  been 
analysed  by  £.  Harms  (JaLresb.  1858,  p.  511).  100  pts.  were  found  to  contain  4*97 
per  cent,  sulphuric  anhydride,  0*58  phospooric  anhydride^  3*76  silica,  2*28  fame  phos- 
phate, 1*13  aluminjc  phosphate,  62*63  chloride  of  sodium,  10*37  chloride  of  potassiam, 
4*71  magnesia,  6*59  Ume,  and  3*08  potash.  lOa  pts  of  the  green  j^aat  yielded  79*52 
pts.  water;  100^  pts.  of  the  fiivsh  plant  gave  3*91  per  cent,  ash ;  of  the  pJant  dri^  at 
100^  1912  pts. 

OHBMJUITST  OV.    See  Firrro-CHsiasTBT  (p.  636). 


A  faint  translucent  chalcedony,  approachhig  jasper,  having  a  greenish 
colour  sprinkled  with  yellow  and  whitish  dots,  and  a  glistening  lustre. 

The  term  plasma  is  also  applied  to  the  simplest  form  of  oiganised  matter  in  the 
yegetable  or  animal  body,  out  of  which  the  several  tissues  are  formed. 


A  name  applied  by  Denis  (Compt.  rend.  lii.  1239;  Jahresb.  1861, 
p.  726)  to  a  constituent  of  the  blood  to  which  he  supposes  the  property  of  spontaneous 
coagulation  to  be  due.  It  is  extracted  fix>m  perfectly  fresh  blood,  by  adding  a  satu- 
rated solution  of  sulphate  of  sodium  (|  of  the  vol.  of  human  blood),  filtering  the  super- 
natant liquid  from  the  blood-globules  after  some  hours^  and  saturating  it  with  pulverised 
chloride  of  sodium.  The  pliMnin  then  separates  in  flocks.  It  is  soluble  in  water,  is 
not  altered  by  carefal  drying  at  40°,  but  loses  its  solubility  in  water  when  heated  to 
100°,  or  by  contact  with  acids  and  alkalis,  even  when  very  dilute.  The  solution  in  15 
to  20  pts.  water  solidifies  after  a  few  minutes  to  a  colourless  transparent  j^y,  which 
by  pressure  between  paper  is  converted  into  fibres  of  fibrin. 

A  phannaceiitical  term  for  lead-soape  (iii.  560). 

OV  PAlfcZB.  Gypsum  heated  and  ground  up.  It  is  thereby  ren- 
dered anhydrous,  and  when  subsequently  mixed  with  water,  quickly  takes  up  the 
water  of  hydration  which  it  has  lost,  and  is  converted  into  a  hard  substance  which  ex- 
pands in  solidifying,  so  that  it  aoeurately  fits  into  any  mould  into  which  the  pasty  mix- 
ture is  poured ;  hence  it  is  much  used  for  taking  casts  of  statues,  medals,  Ac.  (See 
Gtpsum,  ii.  903.) 

VXiATA  JLZVXta    A  term  applied  in  the  Mexican  mines  to  an  ash-giey  or  Uack 
mineral  regarded  as  carbonate  of  silver ;  also  called  Sblbitb. 


Native  bromide  of  silver.    (See  Selves.) 

A  hypothetical  base,  N'H^Pt",  supposed  to  exist  in  the 
dianmionio-platinous  compounds.    (See  Platinux-baaes.) 

PXJlTASSBWaTBTXAIiaB.  A»\C?K^yPtr.  (See  ABSBMic-BinxGLn,  Obqamic, 
i.  400.) 

WlULVSKAm    The  old  name  of  Platinum. 

PZJLTZVXO  and  P^ATAIIOUB  COMFOVSTBB.    (See  pLATnnix,  p.  666.) 


AtonUe  weight  197*4.  Symbol  Pt.  This  metal  was  disoorered  in 
the  auriferous  sand  of  certain  rivers  in  America.  Its  name  is  derived  from  the 
Spanish  word  j)/a^ma,  a  diminutive  of  plata,  silver,  and  was  appUed  to  it  on  account 
of  its  whiteness.  It  occurs  in  the  form  of  rounded  or  flattened  grains  of  a  metallic 
lustre.  It  has  been  found  in  Brazil,  Mexico,  California,  Oregon,  St.  Domingo^  and 
on  the  eastern  declivity  of  the  Ural  chain ;  in  small  quantity  also  in  certain  coppeovoies 
from  the  Alps ;  it  is  everywhere  associated  with  the  debris  of  a  rock,  easily  Kcognised 
as  belonging  to  one  of  the  earliest  volcanic  formations. 
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The  grains  of  native  platinum  contain  from  75  to  87  per  cent,  of  that  metal,  a 
quantity  of  iron  generallj  snfficient  to  render  them  magnetic,  from  ^  to  1  per  cent  of 
palladium,  but  sometimes  much  less,  with  smaller  quantities  of  copper,  rhodixmi, 
osmium,  iridiimi,  and  ruthenium.  To  separate  the  platinum  from  these  bodies,  the  ore 
is  digested  in  a  retort  with  hydrochlonc  acid,  to  which  additions  of  nitric  acid  are 
made  from  time  to  time.  When  the  hydrochloric  add  is  nearly  saturated,  the  liquid 
is  eraporated  in  the  retort  to  a  syrup,  then  diluted  with  water,  and  drawn  ofif  from  the 
insoluble  residue.  If  the  mineral  is  not  completely  decomposed,  more  nitro-muriatic 
acid  is  added  and  the  distillation  continued.  A  portion  always  remains  undissolved, 
consisting  of  grains  of  a  compound  of  osmium  and  iridium  (iii.  324 ;  iv.  240^,  and 
little  brilliant  plates  of  the  same  alloy,  besides  foreign  mineral  substances  whicn  may 
be  mixed  with  the  ore.  The  solution  is  generally  deep  red,  and  emits  chlorine  from 
the  presence  of  tetrachloride  of  palladium ;  to  decompose  which,  the  liquid  is  boiled, 
whereupon  chlorine  escapes,  and  the  pallaidium  is  reduced  to  dichloride.  Chloride 
of  potassium  is  then  added,  which  precipitates  the  platinum  as  a  sparingly  soluble 
double  chloride  of  platinum  and  potassium,  leaving  the  palladium  in  solution.  •  The 
precipitate,  which  has  a  yellow  colour  if  pure,  but  red  if  it  is  accompanied  by  the 
double  chloride  of  iridium  and  potassium,  is  collected  on  a  filter,  and  washed  with 
a  dilute  solution  of  chloride  of  potassium.  Bv  igniting  this  double  salt  with  twice  its 
weight  of  potassic  carbonate  the  platinum  is  reduced  to  the  metallic  state,  while 
a  portion  of  the  iridium  remains  as  trioxide.  The  soluble  potassium  salts  are 
then  removed  by  washing  with  hot  water,  and  the  platinum  is  dissolved  by  nitro- 
muriatic  acid,  which  leaves  the  trioxide  of  iridium  undissolved.  To  complete  the 
separation  of  the  iridium,  the  precipitation  by  chloride  of  potassium  ana  ignition 
with  carbonate  of  potassium  may  require  to  be  repeated  several  times.  The  platinum- 
solution  thus  freed  from  iridium  is  mixed  with  sal-ammoniac,  which  throws  down  a 
yellow  precipitate  of  the  double  chloride  of  platinum  and  ammonium.  From  this  pre- 
cipitate, when  heated  to  redness,  chlorine  and  sal-ammoniac  are  given  off,  and  the 
platinum  remains  in  the  form  of  a  loosely  coherent  mass,  called  spongy  platinum. 
When  it  is  not  required  to  have  platinum  absolutely  pure,  the  solution  first  obtained 
from  the  ore  is  jprecipitated  by  sal-ammoniac,  and  the  precipitate  is  treated  in  the 
manner  just  described :  much  of  the  platinum  of  commerce  is  obtained  in  this  way. 
The  small  trace  of  iridium  which  is  left  in  commercial  platinum  greatly  increases  its 
hardness  and  tenacity. 

Platinum  is  too  refractory  to  be  foaed  in  coal  furnaces :  but  at  a  high  temperature  its 
particles  cohere  like  those  of  iron,  and  it  may,  like  that  metal,  be  welded  and  thereby 
rendered  malleable.  For  this  purpose  the  spon^  platinum  obtained  by  igniting  the 
chloioplatinate  of  ammonium,  is  rubbed  to  po^raer  very  gently  between  the  hands, 
pressed  through  a  linen  bag,  and  the  coarser  particles  which  remain  in  the  bag  are 
triturated  in  a  wooden  mortar  with  a  wooden  pestle,  not  with  any  harder  substance, 
because  the  platinum  would  then  acquire  the  metallic  lustre,  and  would  not  weld  so 
easily  as  in  t^e  contraiy  case.  The  powder  is  finally  triturated  with  water,  and  the  finer 
particles  separated  from  the  coarser  by  elutriation.  The  whole  of  the  finer  powder  is 
then  mixed  up  with  water  to  a  uniform  paste,  and  pressed  into  a  brass  cylinder  6} 
inches  high,  1*12  inch  in  diameter  at  top,  and  1*23  at  bottom,  and  having  its  lower 
and  wider  end  accurately  closed  with  a  steel  stopper,  which  ^oes  in  j^  of  an  inch, 
and  is  wrapped  round  with  bibulous  paper,  by  which  the  running  off  of  the  water  is 
facilitated.  The  interior  of  the  cylinder  is  smeared  with  grease,  and  the  cylinder 
being  placed  in  a  glass  full  of  water,  is  itself  filled  with  water,  and  then  completely 
filled  with  the  platinum-paste.  In  this  manner  all  cavities  and  inequalities  are 
avoided.  On  the  platinum-paste  is  laid,  first  a  sheet  of  blotting-paper,  then  a  layer  of 
woollen  doth,  and  part  of  the  water  is  pressed  out  of  it  by  means  of  a  wooden  cylinder 
held  in  the  hand.  A  plate  of  copper  is  then  laid  upon  the  paste,  so  that  the  cylinder 
may  be  introduced  in  a  horizontal  position  into  a  very  powerful  lever-press,  in  which  a 
stamp  presses  on  the  copper  plate.  After  the  pressure,  the  steel  stopper,  which  closes 
the  lower  end  of  the  cyhnder,  is  taken  out,  and  after  it  the  now  solid  cake  of  platinum. 
The  cake  is  heated  to  redness  to  drive  off  the  remaining  water  and  the  grease,  and 
render  it  more  compact  It  is  then  placed  in  an  air-fSmace  having  a  very  strong 
draught  and  fed  with  good  coke,  and  exposed  for  twenty  minutes  to  an  intense  heat, 
which  is  diminished  during  the  last  five  minutes.  In  the  furnace,  the  cake  is  laid 
by  one  of  its  ends  on  a  plate  of  lefractory  day  strewn  with  pure  sand,  and  placed 
2\  inches  above  the  grate,  and  a  cylindrical  pot  is  inverted  over  it  in  such  a  manner 
as  not  to  touch  the  platinum  at  any  point  The  cake,  while  still  red  hot,  is  taken 
from  the  furnace,  laiadown  on  one  of  its  bases,  and  struck  repeatedly  on  the  other  with 
a  heavy  hammer.  Should  it  bend,  it  must  not  on  any  account  be  hammered  on  the 
side,  as  that  would  break  it,  but  must  be  straightened  by  well-directed  blows  on  the 
ends.    When  Uie  cake  has  been  sufficiently  condensed  by  this  treatment,  it  may  be 
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brought  into  any  required  form  by  heating  and  hammering,  inst  like  any  other  dodiie 
metal.  If  the  platinum  has  become  coyered,  while  in  the  fire,  with  fermgmoas 
scales,  it  must  be  coated  with  a  moist  mixture  of  equal  measnree  of  borax  and  cream 
of  tartar;  heated  to  redness  in  an  air-furnace  on  a  platinum  tray,  over  which  an 
earthen  pot  is  inverted ;  and  immersed,  while  still  hot^  in  dilute  sulphuric  add,  which 
dissolves  the  flux  in  a  few  hours. — ^The  specific  grayity  of  the  cake  (with  its  in- 
terstices^, after  pressure,  is  about  10*0;  after  strong  ignition,  from  17*0  to  17*7;  after 
hanmienng,  21*26 ;  after  drawing  out  into  thick  wire,  21*4 ;  and  after  drawing  out  into 
very  thin  wire,  21*5.    (Wollaston.) 

Commercial  platinum  prepared  as  above  described  is  never  quite  pure,  almjs 
retainins  small  quantities  of  osmium  and  silicium.  To  free  it  from  these  impurities^ 
and  at  the  same  time  to  render  it  more  compact  and  free  from  pores^  Devi  lie  and 
Debray  ftise  it  by  means  of  a  hydrogen  or  £oal-gas  flame  fed  with  oxygen,  in  the 
lime-funiace  represented  in  flares  733,  734  (p.  312).  The  osmium  is  then  driven  off 
as  osmic  tetroxide  and  the  silicium  passes  to  the  state  of  calcic  silicate,  which  melts  to 
a  colourless  bead,  and  is  ultimately  absorbed  by  the  walls  of  the  furnace.  Iron  and 
copper  also,  if  present  in  the  platinum,  are  oxidised  and  form  fusible  slags,  which  ars 
absorbed  by  the  lime. 

Deville  and  Debray  have  likewise  introduced  the  following  new  procees  for  the  ex- 
traction of  platinum  from  its  ores  in  the  dry  way.  A  small  reverberatoxy  furnace,  the 
bed  of  which  is  composed  of  a  hemispherical  cavity  of  flre-brick  lined  with  clay,  is 
heated  to  full  redness,  and  a  charge,  consisting  of  2  cwt.  of  the  platinum  ore  mixed 
with  an  equal  weight  of  galena,  is  added  in  small  quantities,  stirring  with  iron  rods  till 
the  platinum  and  lead  ores  have  combined  into  a  matt  A  small  quantity  of  glass  is 
thrown  in  to  act  as  a  flux,  and  by  degrees  a  quantity  of  litharge  is  added  equal  in 
weight  to  the  galena.  The  sulphur  of  the  galena  is  thereby  completely  oxidised  and 
expelled,  whilst  the  lead  of  the  galena  and  the  litharge  is  reduced  to  the  metallic  state, 
and  unites  with  the  platinum,  forming  an  easily  fusible  alloy.  On  leaWng  the  melted 
mass  at  rest  for  some  time,  the  osmide  of  iridium  (whicn  is  not  attacked  during 
the  operation)  gradually  sinks  to  the  bottom  of  the  liquid  alloy;  the  upper  portions 
of  the  platiniferous  lead  are  then  cautiously  decanted  from  it  by  iron  ladles  and 
cast  into  ingot-moulds.  The  residue  containing  the  osmide  of  iridium  is  added  to 
a  subsequent  melting. 

The  platiniferous  lead  is  now  submitted  to  cupellation  in  the  ordinary  way,  and  the 
crude  metallic  platinum  left  after  cupellation,  is  refined  by  fusion  on  a  bed  of  lime  as 
above  describea.  The  platinum  thus  obtained  is  nearly  pure,  and  very  ductile  and 
malleable. 

An  alloy  of  platinum,  iridium,  and  rhodium,  better  adapted  for  some  puiposes 
than  pure  platinum,  because  it  is  harder,  bears  a  higher  temperature  without  fosing, 
and  is  less  easily  attacked  by  chemical  reagents,  may  be  obtained  by  simply  fusing  the 
platinum-ore  in  the  oxyhydrogen  flame  on  a  bed  of  lime,  with  a  quantity  of  lime  foual 
in  weight  to  the  amount  of  iron  in  the  ore.  Palladium  and  osmium  are  volatihsed 
during  the  fusion,  while  the  copper  and  iron  are  oxidised,  and  form  fusible  compounds 
with  the  lime.  The  melted  alloy  is  either  poured  into  water  to  granulate  it^  or  cast  in 
a  very  shallow  mould  of  gas-charcoal. 

Another  method  proposed  by  Deville  and  Debray  is  to  treat  the  platinum  ore  with 
nitromuriatic  acid,  decant  the  liquid  from  the  insoluble  osmide  of  iridium,  and  slowly 
evaporate  the  solution  of  chloride  of  platinum,  palladium,  &c,  till  the  residue  begins  to 
decompose.  The  red  powder  thus  obtained  is  then  heated  to  redness  in  a  large  covered 
crucible  of  earthenware  or  platinum  provided  with  a  neck  to  convey  the  gases  into  a 
chimney.  When  the  calcination  is  finished,  the  platinum -powder  is  transferred  to  a 
wooden  bowl,  and  washed  in  the  same  manner  as  auriferous  earth  or  platinum  ore 
itself.  The  dense  shining  platinum-powder  which  remains  is  then  refined  by  fusion 
in  the  lime  furnace  as  above.    (Ann.  Ch.  Phys.  [3]  Ivi.  386 ;  Jahresb.  1869,  p.  262.) 

Properties. — ^Puro  platinum  when  forged,  and  espedallv  when  refined  by  Deville  and 
Debra/s  process,  is  nearly  as  white  as  silver;  it  takes  a  high  lustre  by  polishing;  has 
neither  taste  nor  smell ;  and  is  very  ductile  and  malleable.  A  platinum  wire  2  milli- 
metres in  diameter,  breaks  with  a  weight  of  124  kilogrammes.  Platinum  is  softer 
than  silver,  but  its  hardness  is  much  increased  by  the  presence  of  traces  of  iridium ; 
perfectly  pure  platinum  is  about  as  hard  as  copper.  It  expands  by  heat  less  than  any 
other  metal,  and  in  its  power  of  conducting  heat  ^nd  electricity,  it  is  much  inferior  to 
gold  and  silver,  and  very  near  to  iron  (ii.  467 ;  iii.  936).  Platinum  resists  the 
strongest  heat  of  a  forge-fire,  but  may  be  fused  by  the  electric  current^  or  by  the  oxy- 
hydrogen blowpipe,  bt>fore  which  it  is  volatilised  and  dispersed  with  scintillations. 
According  to  Deville  and  Debray,  it  absorbs  oxygen  in  the  fused  state,  and  if  melted 
in  considerable  ma£se8,  spits  like  silver  on  rapid  cooling.  It  has  not  been  crystallised 
artificially,  but  very  perfect  octahedrons  and  cubes  have  been  found  in  the  native  b«ds. 
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Platiiram  is  the  heaviest  of  all  known  substances,  except  osmium  and  iridinin,  which 
are  equally  de^se.  Its  specific  gravity  varies  according  to  the  manner  in  which  it  has 
been  treated;  that  of  hammei^  platinum  is  2 1 '2d;  of  platinum  drawn  into  thick 
wire»  21*4;  and  after  drawing  into  very  thin  wire,  21*5  (Wollaston);  platinum 
solidified  &Dm  fusion  has  a  density  of  21*15.    (Deville  and  Debray.) 

Platinum  possesses  a  remarkable  power  of  causing  the  combination  of  oxygen  with 
hydrogen  and  other  combustible  gases  (see  Cohbushoit,  i.  1092,  and  CoifTACT-Acnoir, 
ii  12).  This  property  is  exhibited  even  by  a  clean  surface  of  platinum,  in  a  greater 
degree  by  platinum  in  the  spongy  state  (p.  662),  and  most  of  all  by  the  extremely 
divided  form  of  the  metal  called  platinum-black.  The  metal  may  be  obtained  in 
this  form : — 1.  By  dissolving  platinous  chloride  in  a  hot  and  concentrated  solution 
of  potash,  and  pouring  alcohol  into  iWhile  still  hot,  by  small  quantities  at  a  time ; 
violent  effervescence  then  occurs  from^the  escape  of  carbonic  anhydride,  by  which  the 
contents  of  the  vessel,  unless  capacious,  may  be  thrown  out.  The  liquor  is  decanted 
from  the  black  powder  which  appears,  and  the  latter  boiled  successively  with  alcohol, 
hvdrochloric  acid  and  potash,  and  finally  four  or  five  times  with  water,  to  divest  it  of 
all  foreign  matters. — 2.  By  decomposing  a  hot  solution  of  platinic  sulphate  with 
alcohoL — 3.  By  boiling  a  solution  of  platinic  chloride  with  carbonate  of  sodium  and 
sugar:  chloride  of  sodium  is  then  formed,  water  and  carbonic  anhydride  are  produced 
by  oxidation  of  the  sugar,  and  the  platinum  is  precipitated  in  the  finely-diviaed  state. 
—4.  By  precipitating  the  metal  with  <inc  £rom  a  aolution  of  platinic  chloride  con- 
taining excess  of  hydrochloric  acid,  or,  according  to  Brunner,  by  digesting  metallic 
zinc  with  a  mixture  of  chloroplatinate  of  ammonium  or  potassium  and  strong  sulphuric 
acid.— Platinum-black,  when  dried,  resembles  lamp-black,  and  soils  the  fingers,  but 
still  it  is  only  metallic  platinum  extremely  divided,  and  may  be  heated  to  ftill  redness 
without  any  chan^^e  of  appearance  or  properties.  It  loses  these  properties,  however,  by 
the  effect  of  a  white  heat,  and  assumes  a  metallic  aspect.  Platinum-black,  like  wood 
charcoal,  absorbs  and  condenses  gases,  in  its  pores,  with  evolution  of  heat,  a  property 
which  must  assist  its  acdon  on  oxygen  and  hydrogen,  although  probably  not  essential 
to  that  action.  "When  moistened  with  alcohol,  it  determines  the  oxidation  of  that  sub- 
stance in  air,  and  the  foimation  of  acetic  acid ;  and,  in  a  similar  manner,  it  converts 
wood-spirit  into  formic  acid. 

Platinum  does  not  oxidise  in  the  fur  at  any  temperature.  It  is  not  attacked  by  any 
single  acid ;  but  nitromuriatie  acid  dissolves  it,  though  slowly.  If  heated  to  redness  in 
the  air  in  contact  with  caustic  alkalis  or  alkaline  earths,  especiaUy  with  hydrate  of 
lithium  or  barium,  it  is  corroded,  in  consequence  of  the  formation  of  an  oxide  which 
imites  with  the  alkali ;  it  is  also  attacked  at  high  temperatures  by  acid  stUphate  of 
potassimm. 

Spongy  platinum  unites  with  sulphur  when  the  two  are  heated  together  somewhat 
strongly ;  hammered  platinum  is  but  very  slowly  attacked  by  sulphur.  Phosphorus  and 
arsenic  easily  unite  with  spongy  platinum  when  heated  with  it,  forming  very  fVisible 
compounds.  When  an  organic  substance  containing  phosphorus — cerebral  matter  finr 
example — is  burnt  in  a  platinum  crucible,  phosphoras  is  set  free  and  unites  with  the 
platinum,  forming  a  very  fhsible  phosphide,  so  that  the  crucible  sometimes  becomes 
perforated.  Chlorine  is  very  slowly  ahmrbed  by  platinum ;  iodine  and  bromine  have  no 
action  upon  it  A  mixture  of  silica  and  charcoal  easily  attacks  platinum  at  high  tem- 
peratures by  forming  a  silicide  of  platinum :  hence  platinum-crucibles  must  never  be 
placed  in  direct  contact  with  a  coke  or  charcoal  fire,  but  always  enclosed  in  an  earthen 
crucible  containiuff  magnesia. 

Uses, — The  unaiterability  of  platinum  at  high  temperatures,  and  its  power  of  resisting 
the  action  of  most  chemical  asents,  render  it  extremely  useful  for  the  construction  of 
emcibles,  evaporating  dishes,  forceps  for  blowpipe  experiments,  &c  Large  platinum 
stills,  sometimes  weighing  more  than  1000  ounces,  are  used  for  the  concentration  of 
oil  of  vitrioL  They  are  ^t  on  the  inner  surfaces,  because  without  this  coating,  plati- 
num prepared  by  WoUaston's  method  soon  becomes  sufficientiy  porous  to  allow  the 
transudation  of  the  add.  An  attempt  was  made  in  Russia  to  use  platinum  for  coinage, 
but  it  was  not  found  convenient  Platinum  is  sometimes  used  for  the  touch-holes  of 
fowling-pieces.     {Miller's  Elements  of  Chemistry,  ii.  828.) 

Compounds  of  Platinum. — Platinum  forms  two  series  of  compounds,  the  platinous 
compounds  in  which  it  is  diatomic,  0.^.PtCl*,  PtO,  &c.,  and  the  platinic  compounds 
in  which  it  is  tetratomic,  e.^.  PtCl\  PtO',  &c*  It  shows  but  littie  tendency  to  form 
salts  with  oxygen-adds. 

WIULTIN  UM,  JUUbOTS  OF.  Platinum  unites  with  most  other  metals,  forming 
alloys  which  are  for  the  most  part  more  fiisible  than  platinum  itself:  hence  platinum 
crudbles  must  never  be  used  for  fusing  other  metals  in,  or  even  for  igniting  the  oxides 

*  According  to  the  older  atnmlc  wetght  of  nUtinum,  9S'7,  adopted  in  the  earlier  part  of  this  work 
(i«  40ft),  tlt«  luetal  was  regarded  as  monatomic  iii  the  platinoui,  and  diatomk  in  the  putinic  compouiKU. 
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of  the  more  fasible  metals,  such  as  lead  and  bismuth,  whose  oxides  are  easily  reduced 
by  contact  with  carbonaceous  matter.  , 

1  pt  of  spongy  platinum  unites  easily  with  2  pts.  of  puWerised  antimony,  the  oom- 
bination  beine  attended  with  vind  incandescence;  and  when  the  temperature  is 
further  raised,  the  compound  fuses  into  a  stf'el-grey,  brittle,  fine-grained  aUoj 
(Gehlen).  Vivid  incandescence  is  likewise  produced  by  wrapping  antimony  in  thin 
platinum-foil,  and  heating  it  before  the  blowpipe  (Murray,  Edinb.  PhiL  J.  ir.  202). 
The  alloy  when  heated  in  the  air,  gives  up  its  antimony  almost  wholly,  and  leaves 
malleable  platinum.     (Fox,  Ann.  Phil.  xiii.  467.) 

100  pts.  of  spongy  platinum  heated  with  excess  of  arsenic,  yield  173*5  pts.  of  arse- 
nide of  platinum,  the  combination  being  attended  with  vivid  combustion.  When  plati- 
num is  heated  with  arsenious  oxide  ajid  carbonate  of  sodium,  arsenide  of  platinum  and 
asenate  of  sodium  are  formed.  Arsenic  wrapped  up  in  platinum-foil,  likewise  exhibits 
vivid  combustion  before  the  blowpipe  (Murray).  The- alloy  is  brittle,  and  easily 
fusible.  When  it  is  heated  in  the  air  for  some  time,  at  a  continually  increasing  tem- 
perature, but  not  sufficient  to  melt  it,  the  arsenic  gradually  bums  away,  and  leaves  a 
porous  residue  of  platinum  in  a  state  fit  for  working. 

Platinum  heated  with  an  equal  weight  of  barium  before  the  oxy-hydrogen  blowpipe 
melts  to  a  bronce-coloured  alloy,  which  in  the  course  of  24  hours,  decomposes  and 
leaves  a  reddish  powder.    (Clarke,  Oilb.  Ann.  Ixii.  372.) 

1  pt.  of  spongy  platinum  and  2  pts.  of  bismuth  heated  together  combine  readily,  but 
without  visible  combustion,  and  form  a  bluish-grey,  brittle,  easily  fusible  alloy,  having 
a  laminated  fracture  (G-ehlen).  When  this  allov  is  fused  at  a  moderate  heat^  the 
two  metals  separate  partially,  according  to  their  densities.  When  it  is  strongly 
ignited  in  contact  with  air,  the  greater  part  of  the  bismuth  burns  and  forms  a  vitreous 
oxide,  till  the  residue  is  no  longer  fusible. 

Platinum  heated  with  cadmium  till  the  excess  of  the  latter  is  volatilised,  forms  a  silver- 
white,  very  brittle,  fine-grained  alloy,  refractory  in  the  fire  and  containing  46*02  psr 
cent,  platinum  and  54*68  cadmium,  therefore  nearly  PtCd*.     (Stromeyer.) 

With  copper^  platinum  does  not  combine  below  a  white  heat.  Equal  weights  of 
platinum  and  copper,  heated  together  in  the  oxy-hydrogen  blowpipe  flame,  yielda  pale 
yellow  alloy  having  the  colour  and  specific  gravity  of  gold,  extensible,  easily  attadced 
by  the  file,  and  tarnished  by  exposure  to  the  air  (Clarke).  An  alloy  of  26  pts.  copper 
and  1  platinum,  is  malleable,  rose-coloured,  and  exhibits  a  fine-grained  fracture.  The 
alloys  of  copper  and  platinum  take  a  fine  polish  and  are  sometimes  used  for  die  minors 
of  telescopes. 

7  pts.  of  platinum  and  3  gold  form  an  alloy  invisible  in  the  sizongest  blast-fuma^M. 
Alloys  containing  a  larger  proportion  of  gold  fuse  at  that  degree  of  heat  (Prinsep). 
2  pts.  platinum  and  1  gold  form  a  brittle  alloy.  1  pL  platinum  and  1  gold  form  a  very 
malleable  alloy  having  nearly  the  same  colour  as  gold.  The  aUoy  of  1  pt.  platinum 
and  9*6  gold  has  the  colour  of  gold  and  the  density  of  platinum  (Clarke).  1  pt. 
platinum  and  1 1  gold  form  a  greyish-white  alloy,  1  ike  tarnished  silver.    (Hatchet  t.) 

The  alloy  of  platinum  ana  iridium  has  been  already  described  (iii.  317);  also  the 
alloys  of  platinum,  iridium  and  rhodium  obtained  by  fusing  platinum-ore  (iv.  664). 

The  allocs  of  platinum  and  iron  are  described  under  Ikon  (iii.  869). 

Lead  unites  very  easily  with  platinum.  Melted  lead  poured  into  a  platinum-erud- 
ble  dissolves  a  portion  of  the  platinum.  Lead  wrapped  in  platinum-foil  exhibits 
incandescence  when  heated  (Murray).  1  pt  of  spongy  platinum  and  2*7  of  lead 
heated  to  redness  together,  combine  without  visible  combustion,  and  form  an  easily 
fusible  compound,  which  has  the  colour  of  bismuth,  splits  under  the  hammer,  and 
exhibits  a  fibrous  fracture.  The  alloy  of  1  pt.  platinum  and  2  pts.  lead  is  somewhat 
more  brittle  (Gehlen).  An  alloy  containing  equal  quantities  of  the  two  metals  hss  s 
purple  colour  and  striated  surface,  and  is  hard,  brittle,  exhibits  a  granular  fractoie, 
and  is  altered  by  exposure  to  the  air.  When  these  alloys  are  heated  to  redness  in  the 
air,  only  part  of  the  lead  separates  from  the  platinum,  the  separation  going  on  indeed 
only  so  long  as  the  alloy  remains  fusible. 

The  compounds  of  platinum  and  mercury  have  been  already  described  (iii.  888). 

Equal  parts  of  platinum  and  molybdenum  yield  a  hard,  brittle,  shapeless  lump 
having  a  lif  ht  grev  colour  and  metallic  lustre.  4  pts.  platinum  and  1  pt.  molybdenum 
form  a  hard,  brittle,  bluish-grey  alloy,  having  a  granular  fracture. 

Equal  parts  of  platinum  and  nickel  placed  upon  a  piece  of  charcoal  burning  in  a 
stream  of  oxygen,  unite  quickly,  and  form  a  pale  yellowish-white  alloy,  perfectly 
malleable,  susceptible  of  a  high  polish,  equal  to  copper  in  fusibility,  and  lo  nickel  in 
magnetic  power.     (Lampadius.) 

Equal  parts  of  platinum  and  palladium  unite  somewhat  below  the  melting-point  of 
the  latter,  forming  a  grey  alloy  as  hard  as  wrought  iron,  having  a  specific  gravity  of 
15*141,  less  ductile  than  the  alloy  of  palladium  and  gold.    (Chen  cvix.) 
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With  poiasnum,  platinum  unites  readilj,  exhibiting  incandescence  and  forming  a 
shining,  biittle  alloy,  which  bums  when  heated  in  the  air,  and  is  decomposed  bj 
water,  witli  formation  of  black  scales,  usually  regarded  as  a  hydride  of  platinum. 

Silver  unites  with  platinum  in  all  proportions.  A  veiy  small  quantity  of  platinum 
renders  silyer  hard.  Hot  oQ  of  Titziol  dissolves  out  the  silyer  from  the  alloy,  and 
leaves  the  platinum.  Nitric  acid  always  dissolves  a  certain  quantity  of  platinum 
together  witn  the  silver,  and  with  a  certain  proportion  of  silter  the  alloy  is  completely 
soluble  in  nitric  add. 

The  alloy  of  platinum  and  sodium  resembles  that  of  platiniui  and  potassium. 

Tin  and  platinum  fused  together  in  equal  parts  form  a  dark-coloured,  hard,  brittle^ 
tolerably  fusible  alloy,  having  a  coarse-grained  structure.  A  very  definite  alloy  of  tin 
and  platinum  having  the  composition  Pt'Sn',  is  obtained  by  melting  1  pt  platinum 
with  10  pts.  tin,  leaving  the  mass  to  cool  slowly  and  treating  it  with  hydrochloric  acid, 
which  dissolves  out  the  excess  of  tin,  and  leaves  the  alloy  in  beautiful  geodes,  lined 
with  cubic  cxystals,  or  rhomboliedrons  having  their  angles  very  near  to  90^.  (Devi He 
andDebray.) 

Zinc  appears  also  to  form  a  definite  aUoy  with  platinum,  analogous  in  compoeitio& 
to  the  preceding  and  obtained  in  like  manner.    (Deville  and  Deb  ray.) 

I  or.    (Seep.  666.) 

or.    (See  p.  666.) 

riiATZmrMf  Bosnia  or.  Platinum  heated  wit)i  borax  and  charcoal,  melts 
into  a  hard,  brittle,  somewhat  crystalline  mass,  which  when  dissolved  in  nitromuriatio 
acid,  leaves  a  residue  of  boric  acid  (Descotils,  Ann.  Ohim.  Ixvii.  88).  Boron  heated  on 
platinum-foil  before  the  blowpipe  immediately  combines  with  the  metal,  forming  a  silver- 
white  fusible  compound.  The  same  compound  is  likewise  obtained  by  melting  spongy 
platinum  with  boron  under  a  layer  of  borax  (Deville  and  Wohler).  Boride  of 
platinuih  is  easily  pulverised  ;  it  is  but  slowly  attacked  by  nitromuriatic  acid.  Its 
composition  appears  to  be  PtB.    (Martins.) 

r&dflLTIinriSy  BBOltrpa  or.  The  only  bromide  of  platinum  known  is  the 
ietrabromide,  PtBr*,  which  is  a  brown,  deliquescent  compound,  obtained  by  dissolving 
platinum  in  a  mixture  of  hydrobromic  and  nitric  acids,  and  evaporating  at  a  gentle 
heat.  *  It  unites  with  the  more  basic  metallic  bromides,  forming  double  salts  called 
bromoplatinates,  having  the  composition  M^PtBr*  a  2MBr  J^i*Br«  and  M^PtBr*  « 
M"Br'.Pt'^Br*.  The  potassium-salt  separates  from  a  mixture  of  the  solutions  of  the 
component  bromides,  by  spontaneous  evaporation,  in  regular  octahedrons  and  cnbo-octa- 
hedrons  of  a  red  colour;  it  is  sparingly  soluble  in  water,  insoluble  in  alcohoL — The 
sodium-salt  prepared  in  a  similar  manner,  ezvstallises  in  dark-red  prisms,  permanent 
in  the  air,  easily  soluble  in  water  and  in  alcohol. — The  barium-,  calcium',  magnesium', 
manganese-,  and  zinc-salts  also  crystallise  in  dark-red  prisms.  (Bonsdorff,  Pogg. 
Ann.  xix.  344 ;  xxxiii.  61.) 

r&ATXWUIKf  CABBTDB  or«  This  compound  is  obtained  by  boiling  platinic 
chloride  with  tartaric  acid,  or  by  calcining  certain  organic  platinum-salts  at  a  moderate 
heat.  It  is  black,  insoluble  in  water,  deoomposible  by  nitromuriatic  acid,  which 
dissolves  the  platinum  and  leaves  the  carbon. 

r&ATUrUMv  CBIfOBIBBS  or.  Platinum  forms  two  chlorides,  namely,  a 
di-  and  a  tetrachloride. 

Blobloride  of  Flatlniiinor  Mattnoiu  CUoridef  PtCl'.  {Protochloride,  ac- 
cording to  the  older  atomic  weight  of  platinum.) — This  compound  is  prepared  by 
dissolving  platinum  in  nitromuriatic  acid,  evaporating  to  dryness,  ana  cautiously 
heating  3ie  residue  in  an  oil-bath  to  200^,  till  it  becomes  insoluble  in  water.  It  is  a 
ffreenish-brown  solid  body,  permanent  in  the  air  at  ordinary  temperatures,  but 
blackening  on  the  surface  by  long  exposure  to  light.  It  is  insoluble  in  water,  nitric  acid, 
and  sulphuric  acid,  but  dissolves  completely  in  hydrochloric  acid,  as  dichloride  if  pro- 
tected from  the  air,  as  tetrachloride  if  the  air  has  access  to  it  The  solution  of  the 
pure  dichloride  has  a  dark  brown  colour,  gives  with  potash  a  dark  brown  prtMnpitate 
of  platinous  hydrate,  and  with  ammonia  a  green  crystalline  pre^'ipitate  of  diammonio- 
platinous  chloride,  N'Sl'I^^CP,  insoluble  in  cold  water  and  in  alcohol  (see  Platinum- 
basis).  Platinous  chloride  dissolves  in  caustic  potash  or  soda,  and  alcohol  added  to 
the  solution  throws  down  the  whole  of  the  platinum  as  platinum-black  (p.  664).  It  is 
completely  resolved  at  a  red  heat  into  chlorine  and  platmum. 

If  the  heating  of  the  platinic  chloride  be  discontinued  before  half  the  chlorine  has 
been  driven  off,  the  residue  dissolves  in  water,  forming  a  dark  brown  solution  supposed 
byHagnustooontainplatinoso-platinic  chloride.  On  evaporating  this  solution, 
platinous  chloride  separates  as  a  brown  precipitate  more  soluble  in  hj^ochloric  add 
than  theoriginal  green  compound,  and  regarded  by  Berzolius  as  a  peculiar  modification. 
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Ghloroplatinites. — ^Flatinons  chloride  imites  with  the  more  huae  metallic 
chlorideB,  formiDg  double  salts  repieeented  by  the  formuhk  WPtTCl*  «  2MCl.PrGL* 
and  M^PfCl*  -  MXl^PtXl'. 

ChloropiaHnite  o/ammonittm^  (NH*)*Pt''Gl*,  is  pxodmoed  by  adding  sal-ammoniae  to 
a  solution  of  platinous  chloride  in  hydrochloric  acid,  and  crystallises  by  evaporatiQa  in 
red  four-sidea  prisms. 

ChloropUainite  of  Barium,  BaTfCKSHK),  is  obtained  by  satniating  a  solution  of 
platinous  chloride  in  hydrochloric  acid  with  carbonate  of  barium,  and  dystaUises  bj 
spontaneous  evaporation  in  dark  red  four-sided  prisms,  easily  soluble  in  water, 
sparingly  in  alcohol  of  90  per  cent  It  appears  to  give  oiF  only  2  at.  water  at  100^. 
The  s<3utu>n  mixed  with  ammonia  deposits  the  green  salt  of  Hagnus  (p.  674).  {J» 
Lang,  J.  pr.  Chem.  Izzzri.  126 ;  Jahresb.  1863,  p.  230.) 

C&roptatinite  of  Lead,  Pb"Pt"ClS  prepared  like  the  silTer-salt  {infra)  resembles 
the  latter  in  appearance,  is  insoluble  in  cold  water,  and  is  decomposed  by  boiling 
water.    (Lang.) 

ChloropiaHnite  ofPotautum,  E'Pt"Cl\  prepared  like  the  ammonium-salt,  also  forms 
red  four-sided  prisms,  moderately  soluble  in  water,  insoluble  in  alcohol. 

CMoroplatinite  of  Silver,  Ag'Pt''Cl*,  separates  on  mixing  a  solution  of  the  potassium- 
salt  with  nitiato  of  silver,  as  a  light  red  precipitate.  It  is  insoluble  in  water,  blackens 
when  exposed  to  light,  and  gives  up  all  its  platinum  to  warm  hydrochloric  aad.  Am- 
monia first  dissolves  out  the  chlonde  of  silver,  and  leaves  a  yellow  substance  which 
gradually  dissolves  in  a  large  quantity  of  ammonia,  forming  a  colourless  solution 
which  when  left  to  evaporate,  deposits  a  yellow  powder  and  colouriess  prisms. 
(Lang.) 

The  sodium-ealt,  Na'Pt'CP,  is  soluble  in  water  and  in  alcohol,  and  difficult  to  ays- 
tallise. 

Stannotu  ch/oroplaiinitee, — ^Platinous  chloride  forms  with  stannous  chloride  two 
double  salts,  which  sxe  obtained  by  dissolving  stannous  chloride  in  a  solution  of  plati- 
nous chloride  in  hydrochloric  add,  and  evaporating,  the  one  or  the  other  being  formed 
according  to  the  proportions  in  which  the  salts  are  mixed.  That  which  contains  the 
smaller  proportion  of  stannous  chloride  is  a  crystalline,  olive-ereen,  deliquescent,  saline 
mass ;  that  containing  the  larger  proportion  of  stannous  chloride  is  red ;  both  are 
slightly  soluble  in  water,  and  are  decomposed  by  dilution  with  water.    (Kane.)' 

ChloroplctHnite  of^ine,  Zn"Pt"Gl^,  is  formed,  according  to  Hiinefeld,  when  zinc  is 
immersea  in  an  aqueous  solution  of  platinic  chloride.  It  forms  small,  hard,  shining 
vellow  crystals,  sparingly  soluble  in  cold,  more  soluble  in  boiling  water,  and  precipitated 
Dy  alcohoL 

TeCraebloHde  of  Platlmim  or  Platiiiio  <naort4e,  Pf^Cl*.  {Diehhridt, 
according  to  the  old  atomic  weieht  of  platinum.) — ^This  compound  is  obtained  by  dis- 
solving platinum  in  nitromuriatic  acid  and  evaporating  the  solution  over  the  water-bath. 
It  then  remains  as  a  brown -red  mass,  which,  if  pure,  dissolves  in  water  and  in  alcohol 
with  reddish-yeUow  colour;  generally  however  it  is  red,  owing  to  the  presence  of  a 
small  quantity  of  iridium.  If  more  stronely  heated,  it  gives  off  chlorine  and  leaves 
iirst  pktinous  chloride  and  then  metallic  ]^tinum. 

The  solution  of  platinic  chloride  ^ves  with  potash,  ammonia,  and  their  salts,  a  yellow 
crystalline  precipitate  of  chloroplatinate  of  potassium  or  ammonium,  sparingly  soluble 
in  water,  insoluble  in  alcohol.  When,  however,  dilute  aqueous  ammonia  is  added  in 
excess  to  an  aqueous  solution  of  platinic  chloride  too  dilute  to  yield  a  precipitate  of 
the  chloroplatmate,  a  pale  yellow  powder  is  precipitated  after  a  while,  consisting  of 
N'H'Pt'^Cl*  (see  FLATnniii-BASBs).  Canstic  eoda-ioluiion  forms  no  predpitate  in  the 
cold,  but  on  warming  the  solution  a  brownish-yellow  predpitate  is  formed  consisting  of 
platinate  of  sodium. 

SuJphydric  acid  produces  in  a  solution  of  platinic  chloride,  at  first  only  a  brown 
coloration,  afterwarcls  a  brown  precipitate  of  platinic  sulphide. 

StUphide  of  ammonium  produces  the  same  predpitate,  but  redissolves  it  when  added 
in  excess. — Iodide  of  potassium  colours  the  solution  brown-red,  and  precipitat<>s  brown 
platinic  iodide. — Stannous  chloride  colours  the  solution  brown-red. — Mercuric  nitrate 
forms  a  copious  reddish-yellow  predpitate. — Mercuric  cyanide  forms  no  predpitate, 
thereby  affording  a  distinction  between  platinum  scud  palladium  (p.  328).  Platinum 
is  not  so  easily  ^uced  to  the  metallic  state  from  its  solutions  as  gold. — Zinc  throws 
down  metallic  platinum ;  so  likewise  does  formic  acid  on  heating,  if  the  free  add  be 
neutralised  witn  carbonate  of  sodium,  but  the  reduction  is  not  effected  hy  ferrous  sul- 
phate or  oxalic  acid, 

A  compound  of  platinic  chloride  with  nitrixf  oxide,  said  to  contain  5(PtClMT'Cl*). 
4NO.10H'O,  is  produced,  according  to  Boye  and  Kodgers  (PhiL  Mag.  Nov.  1840, 
p.  397),  by  mixing  dry  platinic  chloride  with  a  large  excess  of  nitromuriatic  acid  :  tJio 
liquid  evaporated  to  a  syrup  deposits  the  compound  us  a  yellow  crystalline  powder, 
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vhich  doee  not  give  off  -water  at  100^,  but  in  contact  witJi  water,  is  reaolTod,  with 
efferresoence,  into  its  constitaenta. 

Chloroplatinatos,  M«Ft»'Cl*  -  2MCLR«'q*  and  M'Pt^^a*  -  M''Cl«J>t»'Cl*. 
— ^Platinic  chloride  unites  with  other  metallic  chlorides,  forming  a  class  of  well-defined 
double  salts,  amona  which  the  potassium-  and  ammonium-salts,  on  account  of  their 
sparing  solubilitj  m  water  ana  insolubility  in  alcohol,  are  of  especial  importance  in 
analysis,  aflbrding  the  means  of  separating  and  estimating  platinum  on  the  one  hand, 
and  potassium  and  ammonium  on  tne  other. 

cJuoroplaHfuUe  of  Ammonium  or  Piatmum-aal-ammoniae,  (NH*)'Pt**Cl',  is  precipi- 
tated as  a  heavy,  lemon-yellow,  crystalline  powder  on  mixing  a  solution  of  platinio 
chloride  with  sal-ammoniac^  and  cnrstallises  on  cooling  from  a  hot  aqueous  solution  in 
regular  octahedrons.  When  ignited  it  leaves  metallie  platinum  in  the  spongy  state. 
It  is  but  dightly  soluble  in  cold,  more  soluble  in  hot  water ;  very  slight^  sduble  in 
cold  toa^ containing  ammonia,  abundantly  at  the  boiling  heat  (Fresenius,  Ann.  Ch. 
Fharm.  lix.  118).  A  cold  concentrated  solution  of  sal-ammoniac  precipitates  it  almost 
completely  from  its  aqueous  solution,  but  a  hot  solution  of  that  salt  dissolyes  it  more 
abundantly  than  pure  water,  and  the  solution  deposits  a  coating  of  platinum  on 
copper  and  brass  when  they  are  boiled  in  it  for  a  few  seconds  (Bottger).  At  16^ — 
20^,  it  dissolves  in  26,536  pts.  aieohoi  of  97*5  per  cent. ;  in  1,406  pts.  alcohol  of  76  per 
cent.,  and  in  665  pts.  alcohol  of  55  per  cent. ;  but  if  free  hydrochloric  add  is  present, 
the  salt  dissolves  in  672  pts.  alcohol  of  76  per  cent  at  the  same  temperature 
(Fresenius).  It  dissolves  easily,  with  decomposition,  in  a  warm  aqueous  solution  of 
foiasne  wipkoeyanate.    (Glaus.) 

ChloroplaHnaU  of  Barium,  BaTt**Gl'.4H*0,  crystallises  in  orange-yellow  prisms 
resembling  chromate  of  lead  (Bonsdorff,  Pogg.  Ann.  xvii.  251). — ^The  oeuiutn'Sait, 
Cs'Ftt*Cl<,  has  been  already  described  (i.  1114).— The  ca/a«m^/t,  Ca'Pti'Cl'SH'O, 
crystallises  with  difficulty ;  when  laid  on  bibulous  paper  it  decomposes,  chloride  of 
calcium  deliquescing  out,  and  platinic  chloride  remaining. — The  cadmium^,  cohalt'^ 
coppet't  magnesium-,  manaaneae-,  niekd-,  and  me-salts  are  isomorphous,  crystallise  in 
rhombohedrons,  and  are  all  included  in  the  general  formula  M"Pt**Cl*.6HH). 

Ckloroplatinate  ofBotauium,  K'Pt^'Cl*,  separates  on  mixing  a  solution  of  platinio 
chloride  with  chloride  of  potassium,  in  yeUow  ciystalline  grains  having  the  form  of 
the  regular  octahedron.  It  is  not  completely  reduced  by  simple  ignition,  but  when 
ignited  with  oxalic  add,  or  in  a  stream  of  hydrogen,  it  is  completely  resolved  into 
chloride  of  potassium  which  may  be  dissolved  out^  chlorine  which  goes  off  as  hydro- 
chloric add,  and  metallic  platinum.  The  salt  is  sparingly  soluble  in  water,  insoluble  or 
nearly  so  in  alcohol.  Its  solubility  in  water  at  various  temperatures,  together  with 
the  solubilities  of  the  corresponding  caesium-  and  rubidium-salts,  as  determined  by 
Kirchhoff  and  Bun  sen  (Pogg.  Ann.  cxiii.  872),  is  given  under  Casiijm  (i.  1114). 
It  dissolves  at  15^—20^  in  12,083  pts.  alcohol  of  97*5  per  cent,  in  3,776  alcohol  of  76 
per  cent,  and  in  1,053  pti.  lUcohol  of  55  per  cent ;  but  if  a  small  quantity  of  free  hy- 
drochloric acid  is  present^  it  dissolves  in  1,835  pts.  alcohol  of  76  per  cent.  (Frese  ni  a  s, 
Uk,  cit.).  It  is  skghtly  soluble  in  adds,  dissolves  with  yellow  colour  in  caustic  potash^ 
but  is  insoluble  in  alkaline  carbonates.    (H.  Rose.) 

Chloroplatinatc  ofSubidium,  Bb*R*'Cl<.~Pktinic  chloride  forms  in  solutions  of 
rubidium,  especially  at  the  boiling  heat,  a  light  yellow,  heavy,  pulverulent  predpitata, 
which  appears  under  the  microscope  to  be  composed  of  transparenl^  shining,  regular 
octahedrons.  It  is  ^uite  insoluble  in  alcohol,  and  much  less  soluble  in  water  than  the 
potassium-salt  It  is  decomposed  by  hydroeen,  partiallj^  even  in  the  cold,  and  com- 
pletely at  a  red  heat,  yielding  a  mixture  of  chloride  of  rubidium  and  metallic  platinum. 
(Bunsen.) 

ChloroplatinaU  of  Sodium,  Na^i*Cl*.6H*0,  crystallises  in  transparent,  light  yellow 
prisms  easily  soluble  in  water  and  in  alcohoL  ^ 

A  compound  of  platinic  chloride  with  plaiinate  qf  calcium,  PtCl\Ca*Pti*0\  is  pro- 
duced, according  to  Dobereiner,  by  exposing  the  chloride  mixed  with  milk  of  lime  and 
a  large  quantity  of  lime-water  to  sunshine^  as  a  white  predpitata  which  turns  yellow- 
ish on  boiling. 


CrrJUrZDas  or.    (See  Ctamidss,  iL  260.) 

BaVBOTXOV  AVB  BSTIMEATXOV  OT^—h  Blowpipe 
reactions, — ^AU  platinum-comnounds  are  reduced  to  spongy  platinum  in  the  inner 
flame ;  none  of  them  ^ve  any  colours  to  borax  or  microoosmic  salt  The  spongy  plati* 
num  cannot  be  fiised  mto  a  globule  before  the  blowpipe. 

2.  Beaetions  in  Solution, — ^Platinum  almost  always  oecuzs  in  solution  in  the 
form  oftetrachloride,the  reactions  of  which  have  been  already  detailed.  Solutions 
of  platinic  oxygen-salts,  the  sulphate  and  nitrate,  for  example,  exhibit  for  the 
most  part,  the  same  rriictions;  with  potash  or  ammonia  however,  they  fcim  a  yellow- 
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blown  pre^itate,  and  wrihcMaride  of  potassium  or  ammonium,  a  alig^l  ydlov  precipi- 
tate of  chloro-platinate  after  some  time  only. 

Soiutbns  of  plati  nous  salts,  e,g.  the  sulphate  and  nitrate^  and  the  doable  sshs  of 
platinouB  chlraide,  are  distinffuished  from  those  of  platinic  salts  bj  giyixig  no  precipi- 
tate with  sal-ammoniac  01  with  ffotash.  With  carbonate  o/potassium  or  sodium  they  fora 
a  brownish  precipitate.  Ammonia  added  to  the  solution  of  platinous  chloride  in  hjdio- 
chlorie  add  throws  down  a  green  ciystalline  precipitate  (p.  667);  carbonate  of  ammoniiuii 
forms  no  precipitate.  With  stdphydHc  acid  and  sidphide  of  ammonium^  nlatinoiis  sola- 
tions  form  a  blacJc  precipitate  soluble  in  excess  of  the  ammonium-sulphiae. 

8.  Estimation  and  Separation. — ^For  qnantitatiTe  estimation,  platinun  is 
usually  precipitated  from  its  siMUtions  in  the  form  of  chloioplatinate  of  ammoniunL  Ihe 
add  solution  of  platinum,  after  suffident  concentration,  ia  mixed  with  a^ery  Strang  soLu- 
tion  of  sal-ammoniac,  and  a  suffident  quantity  of  strong  alcohol  is  added  to  render  the 
precipitation  complete.  The  predpitate  of  chloroplatinate  of  ammonium  is  then  washed 
with  alcohol,  to  which  a  small  quantity  of  sal-ammoniac  has  been  added,  and  then 
heated  to  redness  in  a  wdghed  porcelain  crudble,  whereuj^n  it  is  decomposed  and  leares 
metaJlie  platinum.  Great  care  must  however  be  taken  m  the  ignition  to  prevent  loss, 
as  the  evolved  vapours  are  very  apt  to  cany  away  small  particles  of  the  salt  and  of 
the  reduced  metal  The  best  mode  of  avoiding  this  source  of  error  is  to  place  the 
predpitate  in  the  crucible  enclosed  in  thefiUer,  and  expose  it  for  some  time  to  a  mode- 
rate heat,  with  the  cover  on  the  crudble,  till  tiie  filter  is  charred,  and  then  to  a  aome- 
what  higher  temperature  to  expel  the  chlorine  and  chloride  of  ammomum.  Ihe 
crudble  is  then  partially  opened  and  the  carbonaceous  matter  of  the  filter  bnmt  aw;^ 
in  the  usual  manner.  When  these  precautions  are  duly  observed,  not  a  particle  of  pls- 
tinum  is  lost.  Instead  of  igniting  the  the  predpitate  and  weighing  the  platinum,  the 
precipitate  is  sometimes  collected  on  a  weighed  filter,  dried  over  the  water-bath  sad 
weighed ;  but  this  method  is  leas  accurate,  because  the  predpitate  always  contains  an 
excess  of  sal-ammoniac.    (H.  Bose.) 

Chloride  of  potasdum  may  also  be  used  instead  of  diloride  of  ammonium  to  predpi- 
tate platinum,  the  concentrated  solution  of  the  platinum  being  previously  mixed  with 
a  suffident  quantity  of  strong  alcohol  to  bring  the  percentage  of  alcohol  in  the  liquid 
to  between  60  and  70  per  cent  The  precipitated  ddoro-platinate  of  potassium  is  then 
washed  with  alcohol  of  60  to  70  per  cent,  and  decomposed  by  dmple  ignition  in  a 
porcelain  crudble,  if  its  quantity  is  small,  or  in  an  atmosphere  of  hydrogen  if  its 
Quantity  is  larger;  the  chloride  of  potassium  is  washed  out  by  water ;  and  the  platinum 
oried,  ignited,  and  weighed. 

The  same  methods  of  precipitation  serve  also  for  the  separation  of  platinum  from 
most  other  metals,  from  all  indeed  excepting  silver,  lead,  and  mercurosum,  which  form 
insoluble  or  sparingly  soluble  chlorides,  and  from  the  other  metals  of  the  platinum 
group. 

From  mercury  (in  mercurous  solutions)  and  from  silver,  platinum  is  easily  sepa- 
rated by  precipitating  the  mercury  or  silver  with  hydrochloric  add;  from  lead  by  pre- 
dpitation  with  sulphuric  add.  To  separate  platinum  firom  silver,  when  the  two 
metals  are  combined  in  an  alloy,  the  best  method  is  to  heat  the  alloy  with  pure  and 
strong  sidphwric  add,  diluted  with  about  half  its  weight  of  water,  tiU  the  sulphuric 
add  begins  to  escape  in  dense  fumes.  The  silver  is  thereby  converted  into  sulphate, 
and  the  platinum  remains  behind  in  the  metallic  state.  The  sulphate  of  silver  is  dis- 
solved by  a  large  quantity  of  hot  water,  the  platinum  washed  with  hot  water,  and  again 
treated  with  sulf&uric  acid,  to  separate  the  last  traces  of  silver. 
.  From  iridium,  platinum  is  separated  by  predpitating  the  two  metals  together  with 
sal-ammoniac,  and  reducing  the  diloro-iridiate  of  ammonium  to  soluble  chloriridite  by 
the  action  of  sulphuious  add  or  other  redudng  agents  (iu.  319,  320);  ftom.  osmium, 
by  volatilising  £e  latter  as  osmic  tetroxide  (p.  244);  from  palladium,  by  predpi' 
tating  that  metal  as  cyanide  (p.  328).  For  the  method  of  separating  it  firom  rhodium 
and  ruthenium,  see  those  metals ;  also  Fla.tinuh-oxs. 

4.  Atomic  Weight  of  Platinum;, — ^Berzelius  {Lehrhttch,  S  Auf!.  iii.  1213) 
found  that  6*981  grms.  chloroplatinate  of  potasdum,  2ECLRC1^  lost  by  ignition  2-024 
grms.  chlorine,  and  left  a  mixture  of  2  822  grma.  platinum  and  2*186  grms.  chloade 
of  potasdum ;  hence, 

Pt  «  '^^  2KC1  -  ^^.  149-2  «  197-7. 
2135  2136 


I  or.  Flatinie  Fluoride,  PtF*,  is  obtained,  according 
to  Betzeliu%  by  dropping  a  solution  of  potasdum-fluoidde  into  a  neutral  aqueous  solu- 
tion of  platinic  chloride,  as  long  as  a  precipitate  of  diloroplatinate  of  potasdum  con- 
tinues to  form,   evaporating   the  filtrate  to  diyness,   dissoh-ing    out  the   platinic 
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fluoride  W  alcohol,  adding  water,  and  again  eyaporating  at  a  heat  below  60°.  TIi» 
flaoride  then  remains  as  a  non-crystalline,  yellow,  transparent  mass,  perfectly  soluble 
in  water.  At  a  higher  temperature,  it  becomes  dark  brown,  and  when  digested  in  water 
leaves  a  brown  basic  salt.  It  forms  double  salts  with  the  fluorides  of  the  alkali-metals. 

F&ATZVUBIf  IOBZBB8  OV.  HaHnous  iodide,  PtI',  and  PiaHnic  iodide,  Ptl\ 
are  black,  amorphous  compounds  obtained  by  precipitating  the  corresponding  chlorides 
with  iodide  of  potassium.    Both  are  soluble  in  hyariodic  acid. 

Flatinic  iodide  imites  with  the  more  basic  metallic  iodides^  forming  brown  or  black 
crystallisable  compounds,  M*Pt''I*  —  2Bin.Pt*'I\  which  yield  dark  red  solutions. — The 
ammomunisalt  crystaUises  in  square  tablets ;  the  potasHum-mLt  in  black,  rectangular 
tablets  wiUi  four-sided  pyramids  attached ;  the  aodium-salt  in  lead-grey,  striated,  deli- 
quescent needles. 

FXy^TIWlCv  WZTSZBB  OF.  Pt^'. — Obtained  by  heating  the  compound 
4NH*.Pt"H'0>  (Beiaef  8  base),  to  180^  It  decomposes  suddenly  at  190^  with  evolu- 
tion of  nitrogen. 


OF.  Platinum  forms  two  oxides  corresponding  to  the 
chlorides,  namely,  Pt"0  and  Pt**0',  both  of  which  are  salifiable  bases.  According  to 
R  Davy,  there  is  also  an  oxide  of  intermediate  composition. 

FlatliMnui  Oxide  is  obtained  as  a  hydrate,  Pt'O-HK)  or  PtllK)*,  by  digesting 
platinous  chloride  in  a  warm  solution  of  potash  and  washing  the  precipitate.  Part  of 
the  platinous  hyditete  however  remains  dissolved  in  the  alkali  and  may  be  precipitated 
by  neutralising  the  liquid  with  sulphuric  acid.  The  hydrate  is  a  bulky  black  powder, 
easily  decomp^^ed  by  heat.,  giving  off  first  water  and  afterwards  oxygen.  Accoraing  to 
Benselius,  it  may  be  converted  by  a  very  gentle  heat  into  anhydrous  platinous  oxide,  Pt"0. 
It  dissolves  slowly  in  acids,  forming  unstable  salts,  the  reactions  of  which  have  already 
been  described  (p.  670).  By  boiling  hydrochloric  acid  it  is  resolved  into  aqueous  pla- 
tinic  chloride  and  metallic  platinum.  When  recently  precipitated  it  dissolves  in 
potash  and  in  «o<2a,  forming  salts  called  platinites,  which  appear  also  to  be  formed 
when  metallic  platinum  is  heated  with  caustic  alkalis  (p.  666). 

Platinous  oxide  forms  with  ammonia  the  two  compounds  2NH'JPtO  and 
4NH*.PtO.H*0,  which  however  are  not  produced  by  direct  combination.  (See  Platikux- 

BASBS.) 

rlatiiile  OjddOvPt^'O*. — This  oxide  is  somewhat  difficult  to  obtain  in  the  pure  states 
— 1.  From  most  platinum-salts  alkalis  throw  down  basic  double  salts;  but  from  platinie 
nitrate,  potash  throws  down  at  first  the  pure  hydrate,  which  may  be  separated,  and  afteiv 
wards  the  double  salt  (Berz alius). — 2.  The  hydnite  may  also  be  obtained  by  precipi- 
tating a  hot  solution  of 'platinie  sulphate  with  carbonate  of  calcium,  dissolving  out  Vie 
excess  of  that  substance  from  the  precipitate  by  means  of  acetic  acid,  and  then  washing 
it  for  a  longtime  [to  remove  the  gypsum]  (Witt  stein). — 3.  Bobereiner  mixes  platinie 
chloride  with  excess  of  sodic  carbonate,  evaporates  to  dryness,  heats  the  mixture 
gently,  and  dissolves  out  the  chloride  and  excess  of  carbonate  of  sodium  with  water. 
There  then  remains  a  platinate  of  sodium  containing  Na*0.3PtO*.6HK),  &om  which 
nitric  acid  removes  the  soda  without  dissolving  the  pUtinic  oxide. 

The  hydrate  (1)  when  recently  precipitated,  has  a  rusty  colour,  like  that  of  hydrated 
ferric  oxide;  in  drying,  it  shrinks  together  into  a  yellowish-brown  mass.  When  heated, 
it  gives  off  water,  and  turns  black  (Berzelius). — (2)  is  an  umber-brown  powder 
which  does  not  decompose  at  100^,  but  at  a  stronger  heat>  is  resolved,  with  explosion 
and  scattering  of  part  of  the  mass  in  the  form  of  a  blackish  Aime,  into  aqueous  vapour, 
oxygen  gas,  and  platinum  ( Wi  1 1  s  t  e  i  n).  When  gentiy  heated  it  is  converted  into  the 
anhydrous  oxide,  PtO',  which  is  a  black  powder. 

A  blue  platinie  oxide  is  formed,  accordinig  tx>  Hittorf,  when  platinum  dipping  into  ftised 
nitrate  of  potassium  is  made  to  form  the  negative  pole  of  a  voltaic  circuit;  it  then  flows 
continually  from  the  platinum  in  the  form  of  a  blue  liquid  which  afterwMds  changes 
into  yellow  and  green  oxide.  In  nitrate  of  sodium,  the  oxidation  is  weaker  and  the 
blue  colour  lighter  and  finer,  the  blue  oxide  thus  formed  ^^hayiging  its  colour  only  to 
yellowish-brown. 

Platinie  hydrate  dissolves  in  acids.  The  sohxtions  yield  on  evaporation  uncrystalli- 
sable  platinie  salts,  the  reactions  of  which  have  been  already  described  (p.  669). 
They  may  also  bo  obtained  by  decomposing  a  solution  of  platinie  chloride  with  the 
potassium-salt  of  the  required  acid.  Chloroplatinate  of  potassium  is  then  precipitated^ 
and  another  platinie  salt  (sulphate,  nitrate,  &c.)  remains  in  solution. 

Platinie  oxide  unites  with  strong  bases,  forming  salts  which  may  be  called  plati- 
nates.  They  are  obtained  by  heating  the  corresponding  ehloroplatinates  with  excess 
of  the  alkali. 

Platinate  of  barium  is  precipitated,  according  to  Berzelius,  as  a  light  yellow  powder. 
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wben  a  platinie  salt  is  sapenaturated  with  baiyta ;  it  isresolTed  at  a  red  heat  intopla* 
tinnm  and  baiyta. — Platinate  of  calcium  is  obtained,  according  to  Henchel,  bj  enosiiig 
a  mixture  of  platinie  chloride  and  excess  of  lime-water  to  sunshine;  bat»  aocoruogto 
Dobereiner,  the  precipitate  thns  formed  likewise  contains  chlorine  (p.  669). — PlatmaU 
of  pot€tssium  is  prepared  by  mixing  cbloroplatinate  of  notassinm  with  an  excen  of 
potassic  hydrate,  moistening  the  mass  with  water,  gradaally  heating  it  to  dull  rednesB 
and  remonng  the  excess  of  alkali  by  washingr  with  water.  It  has  a  rost-brown 
colour ;  dissolves  slowly  in  hydrochloric  acid,  not  in  nitric  or  sulphuric  acid ;  is  rraolred 
by  heat  into  platinous  oxide  and  potash ;  and  detonates  violently  with  combustible 
bodies  (Berselius). —  Piatinate  of  sodium  is  obtained  by  exposing  a  mixture  of 
aqueous  platinie  chloride  and  carbonate  of  sodium  to  sunshine,  as  a  reddish-yellow, 
partly  crystalline  precipitate,  Na*0.3Pt0^6HH),  which  when  heated  to  redness,  first 
gives  off  water,  then  oxygen,  and  leaves  a  black  residue  from  whidi  the  soda  may  be 
dissolved  out  by  water.  It  is  decomposed  by  adds,  which  dissolve  out  the  soda  and 
leave  the  platinie  oxide.  (Weiss  and  Dobereiner,  Ann.  Ch.  Pharm.  xir.  26.) 
Bespeeting  the  compounds  of  platinie  oxide  with  ammonia,  see  FLATDnm-BASis. 

yjUkVUUM,  OXYaav-S A&TS  or.  The  oxides  of  pktinum  dissolve  in 
oxygen-acids,  but  the  resulting  salts  have  but  little  stability.  Platinous  nitrite  and 
sulpliite  however  unite  with  the  sulphites  of  the  more  basic  metals,  forming  crysUl- 
lisable  double  salts. 

Platinous  Nitrites. — A  solution  of  chloroplattnate  of  potassium  mixed  with 
nitrite  of  potassium,  gradually  deposits  potassio-platinous  nitrite,  K*Pt'*(NO*)*, 
in  colourless,  six-sided  prisms,  which  are  permanent  in  the  air,  sparingly  soluble  in  tne 
mother-liquor,  dissolve  m  27  pts.  water  at  16^,  in  a  smaller  quantity  of  warm  water, 
and  separate  from  the  solution  unaltered.  By  slow  evaporation  of  a  more  dilute 
solution,  efflorescent  rhombic  prisms  of  ahydrated  salt,  E*Pt  (K0'^^2H*0  are  obtained. 

The  corresponding  sodium-salt  is  very  soluble  in  water  ana  can  be  obtained  in 
the  crystalline  state  only  by  evaporation  in  yacuo.  A  hot  saturated  solution  of  the 
potassium-salt  mixed  with  nitrate  of  silver,  deposits  the  argento-platinous  salt, 
Ag|Ptr(NO*V,  in  faintly  yellowish  tablets  which  blacken  quickly  when  exposed  to  light 
This  salt  decomposed  by  chloride  of  ammonium  yields  the  ammonium- salt, 
(NH^)*Pt''(NO*)^  which  by  evaporation  in  a  vacuum  is  obtained  in  pale  yellow  prisms 
permanent  in  the  air ;  its  solutiongives  off  nitrogen  when  boiled.  Mercuroso-pla- 
tinouB  nitrite,  Hg'Pt^NO'V.H'O,  is  obtainra  as  a  yellowish-white  precipitate  by 
decomposing  the  potassium-salt  with  a  dilute  slightly  acid  solution  of  mercnroos 
nitrate.  Baryto-platinous  nitrate,  Ba"Pt'(N0'){3HK>,  is  obtained  by  decom- 
posing the  silver-sslt  with  chloride  of  barium,  and  evaporating  the  filtrate  at  a  gentle 
heat^  in  colourless  octahedral  crystals,  slightly  soluble  in  cold  water.  By  decomposins 
tile  solution  of  this  salt  with  an  exactly  equivalent  quantity  of  sulphuric  acio,  and 
evaporating  the  filtrate  in  a  vaenum,  hydro-platinous  nitrate  or  acid  pl<^ti* 
nous  nitrite,  H*Pt*'(NO*)\  is  obtained  as  a  red  saline  mass,  composed  of  indistinct 
prismatic  crystals.  Neutnd  platinous  nitrite  is  not  known.  (J.  Lang,  J.  pr.  Chem. 
bcxxiii.  415 ;  lUp.  Chim.  ^ure,  iv.  220 ;  Jahresb.  1861,  p.  317.) 

Platinous  sulphite  and  its  double  salts  will  be  described  under  ScLpHrrss. 

IPUlTnrniKf  VBOSPBZDB  or.  Platinum  combines  readily  with  phosphorus, 
becoming  brittle  and  fusible.  Phosphide  of  platinum  is  silyer-white,  hard,  has  a 
crystalline  fracture,  and  is  more  frisible  than  silver.  Schrotter,  by  heating  spongy 
platinum  in  an  atmosphere  of  phosphorus-vapour,  has  obtained  a  phosphide  of  platinum 
containing  PtP*,  having  a  density  of  8*77. 

nUkTZVUlKt  BMLMMTDM  OF.  Spongy  platinum  heated  with  pulverised 
selenium  forms  a  greyish  infusible  selenide. 

WlULTIMUWKt  BlliZCIIia  OF.  When  a  mixture  of  platinum  and  charcoal- 
powder  is  exposed  in  a  hessian  crucible  to  the  heat  of  a  forge-fire,  the  silica  in  the  cru- 
cible is  reduced  by  the  charcoal,  and  the  liberated  silidum  unites  with  tiie  platinum, 
forming  a  brittle  compound  which  has  a  granular  fracture ;  it  dissolves  very  slowly  in 
nitromuriatic  acid,  because  it  becomes  covered  with  a  layer  of  silicium  which  opposes 
the  further  action  of  the  acid.    (Boussingault>  Ann.  Ch.  Phvs.  [2]  xvi.  6.) 

Sib'cium  heated  in  a  platinum  crucible  causes  the  metal  to  nise  on  the  surface,  and 
imparts  to  it  a  crystalline  texture.  If  the  heat  be  raised  to  whiteness,  the  platinum 
becomes  friable.  Silicide  of  platinum  containing  10  per  cent  silicium,  is  hara,  brittle, 
and  frisible  at  a  white  heat 

By  fusing  platinum  with  excess  of  silicium  in  presence  of  cryolite,  a  white  compound, 
PtSi«,  is  formed  having  a  groy,  crystalline  fracture.  (W i  u  c  k  1  e  r,  Traiie  de  Chimiepar 
Pdouee  ct  Frkmy,  3»«.  ed.  iii.  1268.) 

iTZVUM,    BZUCOOFliirOHIBB    OF.     The  yellow  solution  of  platinie 
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oxide  in  bjdzoflaonlicie  acid,  dries  up  to  a  yellowish'brown  gam,  wliich  when  redis* 
solTed  in  water,  leayee  a  brown  basic  salt.    (Berzolias.) 

V&ATIWBiff  BU&VBZBSS  OF.  Two  sulphides  of  platinum  are  known, 
analogous  in  composition  to  the  oxides. 

Platinous  Sulphide,  Pt'S,  is  obtained  bj  decomposing  platiuous  chloride  with 
sulphydric  acid  or  an  alkaline  sulphide,  or  by  heating  2  pts.  of  sulphur  with  1  pt. 
of  finely  divided  platinum  or  2  pts.  of  chloroplatinate  of  ammoniunL  It  is  a  black 
substance,  permanent  in  the  air,  insoluble  in  water,  scarcely  attacked  by  mineral  acids 
even  with  aid  of  heat  When  it  is  heated  in  contact  with  the  air,  the  sulphur  bums 
away  and  the  platinum  remains.  According  to  Bottger,  it  acts  upon  alcohol  in  contact 
with  the  air  like  platinum-black,  though  much  less  rapidly. 

JHatinie  Sulphide,  Ft^S*,  is  prepared: — 1.  By  dropping  aqueous  platinic  chlo- 
ride into  the  solution  of  an  alkahne  sulphydrate,  or  by  psssibg  sulphydric  gas  through 
a  solution  of  sodio  chloroplatinate.  (The  precipitate  formed  by  sulphydric  acid  in  a 
solution  of  platinic  chloride  detonates  partially  when  heated.) — 2.  Bpr  digesting  1  pt  of 
platinic  chloride  for  several  days  with  4  pts.  idcohol  and  1  pt.  suljphide  of  carl^n.  The 
mixture  then  concretes  into  a  black  mass,  which  when  washed  with  alcohol  and  boiled 
seveml  times  with  water,  leaves  platinic  sulphide  to  be  dried  in  a  vacuum. 

Plutinic  sulphide  is  black.  VHien  heated  in  a  closed  vessel,  it  gives  off  half  its  sul- 
phur and  is  convertfd  into  platinous  sulphide.  When  it  is  exposed  to  moist  air,  part 
of  ita  sulphur  is  quickly  oxidised  to  sulphuric  acid.  Hot  nitric  acid  converts  it  into 
platinic  sulphite. 

Platinic  sulphide  dissolves  in  alkaline  hydrates,  carbonates  and  sulphides,  forming 
salts  called  sulphoplatinates,  which  are  decomposed  by  acids. 

V&ATZOTHK,   8ir&PBOCTAVATB8  OV.     See  SuLFHOCTANATBa. 

»&A.TmM-8ASaB,  AM1KOWIACA&.  (Reiset,  Compt  rend.  x.  870;  xi. 
711 ;  xviii.  1100. — Gros,  Ann.  Ch.  Pharm.  xxviL  241. — Peyrone,  ibid.  li.  1 ;  Iv.  206; 
Ixi.  178.— Raewsky,  ibid.  Ixiv.  309;  Ixviii.  316.— Gerhardt,  Ck>mpt  chim.  1849, 
p.  278 ;  Ann.  Ch.  Pharm.  IxxvL  307. — Gm.  xvi.  296  et  »f^.)— The  chlorides,  oxides, 
sulphates  &c  of  platinum  are  capable  of  taking  up  ammonia,  and  forming  compounds 

which  may  be  represented  as  hydoramines  ^mQ  [  *  hydrochloramines    ^^qi  [  <&c.» 

similarly  to  the  ammoniacal  compounds  of  mercury  (iii.  921^.  In  this  manner  are 
formed  the  five  series  of  compounds  formulated  in  the  foUowmg  table,  in  which  B 
denotes  a  monatomic  chlorous  radicle : 

"  .  2H'N  )  H*  IN* 

1.  Diommonto-platinons  compounds       ....    p^'^ps  [     ■*    Pt^vB* 

2.  Tetrammonio-platinoufl  oomponnds    •        •        •        .    pt'*T>s  r     **     pt"  r  "jat 

2H'K  )  H'  ^N* 

8.  Diammonio-platinie  componnds        ....    p^iT^ir     "*    Pt'*\B* 

4.  Tetrammonio-platinie  oomponndf     ....     p^ivXt^i 

8H«N , )  H«  f 

6.  Octammonio-diplatinie  oomponnda    •        .        •        'Pt*  i^  f     "*     pTxl 

Any  number  of  atoms  of  the  monatomic  radicle  B  maybe  replaced  by  an  equivalent 
quantity  of  another  radicle,  mono-  or  polyatomic,  thus  giving  rise  to  oxyc^orides, 
nitrato-chlorides,  oxalonitrates,  &c. 

1.  DiammoniO'platinoua  Compounds. — ^These  compounds  are  formed  by  the 
action  of  heat  on  those  of  the  following  series,  half  the  ammonia  of  the  latter  being 
then  given  off  They  are  for  the  most  part  insoluble  in  water,  but  dissolve  in 
ammonii^  reproducing  the  tetrammonio-platmous  compounds:  they  detonate  when 
heated. 

Chloride,  p»<r[nis> — Of  this  compound  there  are  three  isomeric  modifications: 

a.  Yeihw,  obtained  by  adding  hydrochloric  acid,  or  a  soluble  chloride,  to  a  solution  of 
diammonio-platinous  nitrate  or  sulphate,  or  by  boiling  the  green  modification,  y,  with 
nitrate  or  sulphate  of  ammonium,  whereupon  it  dissolves  and  forms  a  solution  which, 
on  cooling,  deposits  the  yellow  salt;— or,  by  neutralising  a  solution  of  platinous 
chloride  in  hyoiochloric  acid  with  carbonate  of  ammonium,  heating  the  mixture  to 
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the  boiling  point,  and  adding  a  qtiantity  of  ammonia  eqnal  to  that  abeadj  oofttauied 
in  the  liquid,  filtering  from  a  dinsy  green  subetance,  which  depoaita  after  a  while,  then 
leaying  uie  solation  to  cool,  and  decanting  the  anpemataqt  liquid  aa  soon  aa  theyeUow 
aalt  ifl  deposited.    $.  Bed. — If,  in  the  last  mode  of  nrepaxation,  tha  carbonate  of 
ammonium,  instead  of  being  added  at  onoe  in  excess,  be  added  dbop  by  drop  to  the 
hydrochloric  acid  solution  of  platinous  chloride,  the  b'quid  on  cooling  deposiis  small 
garnet-coloured  cr^stalB  having  the  form  of  six-sided  tables.     This  rpd  modification 
may  also  be  obtained  in  other  ways  (Peyrone).    7.  Green. — ^This  modification, 
usually  denominated  the  green  salt  of  JMagntUt  was  the  first  discoTwed  of  the  am- 
moniaical  pUtinum  compounds.    It  is  obtained  by  gradually  adding  an  acid  solution 
of  platinous  chloride  to  caustic  ammonia ;  or  by  passing  sulphorous  acid  gas  into  a 
bouine  solution  of  platinic  chloride,  till  it  is  completely  conrertea  into  platinous  chlorido 
(and  therefore  no  lon^r  gives  a  precipitate  with  aal-ammoniac)  and  naotMlising  the 
solution  with  ammonia ;  the  compound  is  then  deposited  in  gtean  needloai    The  same 
modification  of  the  salt  may  also  be  obtained  by  adding  an  aeid  solntiOB  of  piatinooa 
chloride  to  a  solution  of  tetrammonio-platinous  eUonde,  N^H**PtrCl'.      Hence  it 

would  appear  that  the  true  formula  of  this  |;reen  salt  is  N«H"rt«Cl«  -  Pt''Cl*.N«H«PfCl«, 
that  of  the  yellow  or  red  modification  being  simply  N'H'Pt''Cl*.  Either  modification 
of  the  salt,  when  heated  to  300^,  gives  off  nitrogen,  hydrochloric  acid,  and  sal-ammo- 
niac, and  leaves  a  residue  of  platinum. 

Flatinous  chloride  forma  similar  compounds  with  ethylamine  and  methylamine 
(p.  679). 

A  red  crystalline  compound  of  diammonio-platinous  chloride  with  chloride  of  am- 
monium, viz.,  N'H'PtCl*.2NH*Cl,  is  formed  when  a  solution  of  tetrammonio-platinooa 
chloride  containing  a  large  quantity  of  sal-ammoniac,  is  evaporated  to  the  crystallisinff 
point  Thus,  when  a  solution  of  platinous  chloride  in  hydrochloric  acid  is  precipitatea 
by  ammonia,  and  the  green  salt  of  Magnus  thereby  Harmed  is  heated,  while  still  in  the 
Uquid,  with  excess  of  ammonia,  to  convert  it  into  tetrammonio-platinous  chloride,  this 
ted  compoond  separates  at  a  certain  degree  of  oonoentiation,  together  with  the  tetiam- 
nonio-plalinous  chloride.    (Grimm,  Aan»  Ch.  Fharm.  zdz.  95,) 

Cyanide,  p.*  > ^(.—Obtained  by  adding  hydrocyanic  acid  to  a  solution  of  tetram- 
monio-platinous oxide,  cyanide  of  ammonium  being  formed  at  the  sam6  time  (Reiset): 
N*H»«Pt''0  +  4HCy     «     N«H«Pt"Cy«  +   2NHK3y  +  H«0. 

Also,  by  digesting  ammonio-platinous  chloride  with  cyanide  of  silver.  It  crystal- 
lises in  fine  regular  needles  of  a  pale  yellow  colour,  soluble  with  tolerable  facility  in 
water  and  ammonia.  A  polvmenc  modification  of  this  compound,  N^H'*Pt*Cy*  ■> 
N'H^'PtCy'JPtCy',  is  fbrmed  by  pasaing  cyanogen  gas  into  a  moderately  ooo^an- 
trated  solution  of  tetrammenio-platinous  oxide;  the  cyanogen  then  decomposes  the 
water,  forming  hydrocyanic  and  cyanic  acids,  and  the  hydrocyanic  acid  acts  upon  the 
tetrammonio-platinous  oxide,  forming  the  compound  N*H*'Pt*py*,  together  with 
ammonia  and  water : 

2N*H'«PtO   +  4HCy     -     N*H>«Pt«qy*  +  4NH»  +  2H«0. 

The  compound  N*H**Pt'Cy^  crvstallises  out  and  may  be  purified  by  recrystallisation 
from  water.  It  lb  also  obtained  by  mixing  a  solution  of  tetrammonio-platinous  chloride 
with  <nranide  of  potassium.  It  forms  crystals  which,  under  the  microscope,  appear  like 
aix-sided  tables  arranged  in  stellate  groups;  it  dissolves  without  decomposition  in 
potash,  hydrochloric  acid,  and  dilute  smphuric  acid,  but  is  deoompoaed  by  strong  sol- 
phuric  and  by  nitric  add.    (Buck ton,  Chem.  Soe.  Qn.  J.  iv.  84.) 

Iodide,  pf''[p  • — ^Yellow  powder,  obtained  by  boiling  the  aqueous  solution  of  the 

the  compound  N^H"Pt"P.  It  dissolves  in  ammonia,  and  is  theveby  reconverted  into 
the  latter  compound. 

Oxide,  lPR'Pt''0  -    ^*|^!.— Obtained  by  heating  tetrammonio-platmous  hydrate 

to  110^.  It  is  a  greyish  mass  which,  when  heated  to  200^  in  a  dose  vessel,  gives  oflT 
water,  ammonia,  and  nitrosen,  and  leaves  metallic  platinum.  Probably  the  compound 
Ft^',  is  first  produced,  and  is  afterwards  resolved  into  nitrogen  and  pUtinQm: 

8N«H«PtO     -    Pt*N«  +  4NBP  +   3HH). 

The  oxide,  heated  to  200^  in  contact  with  the  air,  becomes  incandescent^  and  bnens 
vividly,  leaving  a  residue  of  platinum. 
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The  sulphate,  Pfiso**^^^'  '^^  ^^  nitrate,  ^''|/^ot\9  <ura  obtained  by  boiling 

the  iodide  with  sulphate  and  nitrate  of  silrer:  they  are  crystalline  and  have  a  strong 
add  reaction.    Th%  aolphate  retains  an^atoqa  gf  etyatallisalaQn-iRAtex^  irhich  cannot  be 

remoyed  without  decomposing  the  salt. 

• «. 

2.  TetrammontO'platinous  Compounds, 

Chloride,  pt-^rnis* — '^^^  eompound  is  prepared  by  boiling  platinons  chloride, 

or  the  green  salt  of  MagnnSi  with  aqneons  ammonia  till  the  >  whole  is  dissolved, 
and  evaporating  the  liquid  to  the  crystallisiiiff  point.  Or,  by  passing  snlphurons 
acid  ^  into  tetrachloride  of  platinum  till  the  solution  is  -«eoipIetely  deoolorised, 
precipitating  with  carbonate  of  sodium,  dissolving,  the  precipite;te  of  -  sodio-^tin- 
ous  ralphite  in  hydrochloric  acid,  satnnrting  the^  reettlting  solution  of  chlonde  of 
sodium  and  platinous  chloride  with  ammonia,  and  dissolving  the.predpitafte  of  di-  and 
tetrammonio-platiDous  chloride  in  boiling  hydioohbric  aad.  The  filtered  liquid  on 
cooling  deposits  the  former,  while  the  tetrammoniacal  compound  remains  in  solutioQ 
and  may  he  obtained  by  evaporation,  mixed  however  with  sal-ammoniac.  It  separates 
in  bulky  crystals  of  a  £unt  yellow  colour,  containing  1  at  water,  which  is  completely 
given  on  at  llO^.  At  250^  it  gives  off  ammonia,  and  leaves  diammonio-plranous 
chloride.  The  anhydrous  oompound  rapidly  absorbs  water  finom  the  air.  The 
hydrate  does  not  give  off  ammonia  when  treated  with  caustic  alkalis  in  the  cold,  and  is 
but  very  slowly  decomposed  by  them,  even  with  the  aid  of  heat 

Ethylamine  aiid  methylamme  foim  similar  compounds  with  platinOns  chloride, 
(p.  679). 

Tetrammonio-flAtinatiB  chloride  tdima  two  compounds  with  tetrachloride  of  platinum. 
The  first,  whon  forinula  is  .  2N«H>>Pt''a*.Ptf*Qf%  is  obtained  ad  am  oUye-green  pre- 
eipitate  on'  addi^  tetrachloride  of  platiimoi'to  a  solutiMi  of  tetmmmonio-platinous 
chloride^  ^ei  seeoi»di.N'H>*Ft''Cl*.Pt^*Cl%  by  treating  the^  preceding  with  eaccess  of 
tbtraoUoride  pf 'pbduann 

'  Tetramimonuheuprioo^platifunts  chloride,  Cu*  V^^,  is  produced  on  addiug  platinio 

ohloride  to  a  concentrated  ammoniacal  solution  of  cuprous  chloride,  as  a  violet  o»  grey 
precipitate  composed  of  prionatic  crystals,  insolttble  in  water  and  in  alcohol,  per- 
manent when  diy,  slowly  deconqpoeed  by  water.  (Mi  lion  and  Oommaille,  Compt. 
rend.  Iviii  822.) 

.  The  bromide  and  iodide  of  this  series  are  obtained  by  treating  the  solution  of 
the  sulphate  with  bromide  or  iodide  of  barium :  they  crystallise  in  cums. 

Oxide,   pfffiry^ — Obtained  by  deoomposmg  the  solution  of  the  sulphate  with 

an  equivalent  quantity  of  baryta-water,  and  evaporating  the  filtrate  in  vacuo.  A  crys* 
talline  mass  is  then  left|  containing  the  oxide.  It  is  strongly  alkaline  and  caustic,- 
like  potash,  absorbs  carbonic  add  rapidly  horn  the  air,  and  precipitates  oxide  of  silver 
from  the  solution  of  the  nitrate.  It  is  a  strong  base,  neutralising  acids  completely,  and 
expelling  ammonia  from  its  salts.  It  melts  at  110^,  giving  off  water  and  ammonia, 
and  leaving  diammonio-platinous  oxide.  Its  aqueous  solution  does  not  give  off  ammo- 
nia, even  when  boiled. 

Carbonates. — ^The  oxide  absorbs  oarbonie  anhydirde  rapidly  from  the  air, 
forming  first,  a  neutral  carbonate,  K'H"Pt''CO*.H*0,  and  afterwards  an  acid  salt, 
N<H»'PfCO«.H«CO«. 

The  sulphate,  p^»|gQ4,  and  the  ^*^^^^^  pj;*[m()f\ft  <ura  obtained  by  decom- 

poong  the  chloride  with  sulphate  or  nitrate  of  silver ;  they  are  neutral,  and  oystallise 
easily. 

Sulphites, — ^The  salt  -a^  f/ahsxi  ^  obtained  by  boiling  the  green  salt  of  Msgnus 

in  water  with  an  equal  quantity  of  ammonium-sulphite,  as  a  white  powder,  insoluble 
in  alcohol  and  in  cold  water,  very  sliffhtly  soluble  in  boiling  water.  Ff  prolonged  ebul- 
lition with  excess  of  ammonium-sulpEite,  a  solution  is  formed  from  which  alcohol  throws 
down  oily  drops,  uniUng  into  a  glutinous  mass  of  variable  composition ;  and  the  alooh(4 
used  for  the  precipitation  deposits  after  a  while  small  white  fUtkes  of  another  sulphite, 

Pt^l^SO*?*    {^^7^^^^  ^°-  ^^'  Pharm.  Ixi.  178;  Qm.  vi.  305.) 

x<  2 


676  PLATINUM-BASES. 

8.  ViammoniO'platinie  Compounds, 

The  eklorid»t  -p^iAqui  ^  obtained  liy  pasong  chlozine  gae  into  boiling  water  in 

wbich  diammonio-platinoTiB  chloride  (the  yellow  modification,  p.  674)  is  saBpended. 
This  compound  is  insoluble  in  cold  watfir,  and  very  slightly  soluble  in  boiling  water, 
or  in  water  containing  hydrochloric  acid.  It  dissolves  in  ammonia  at  a  boiling  heat, 
and  the  solution,  on  cooling,  deposits  a  yellow  precipitate,  consisting  of  tetrammoniacal 
platinic  chloride.  The  compound  N*H*Pt''Q.^  dissolTes  in  boilmg  potash  without 
evolving  ammonia.    A  polymeric  compound, 

N*H»«Pt«a«  -  N*H>«Pt»'a*.Pt»'a\ 

is  obt-ained  by  passing  chlorine  into  water  in  which  liilagnus's  green  salt  is  suspended* 
A  red  crystalline  powder  is  at  first  pnecipitated,  consisting  of  N^H^'PtCl*  J^l* ;  but  on 
continuing  the  passage  of  the  chlorine,  this  precipitate  redissolves,  and  the  solntion 
yields,  by  evaporation,  the  crystalline  compound,  N^H'^tHJl*. 

Nitrates, — ^An  oxynitrate,  p«.iv'\ (^0')'i   ^  obtained    by  boilins    t)ie   chloride, 

N'H*PtCl\  for  several  hours  with  a  dilute  solution  of  nitrate  of  silver.  It  is  a 
yellow  crystalline  powder,  sparingly  soluble  in  cold,  more  soluble  in  boiling  water. 

The  normal  nitrate,  p^i,  [  CNO'V  ^  obtained  by  dissolving  the  ozynitrate  in  nitric 

add :  it  is  yellowish,  insoluble  in  cold  water,  soluble  in  hot  nitric  acid. 

The  oaide,  N'H'Ft^^O'  a    _     ( ^,,  is  obtained  by  adding  ammonia  to  a  boiling 

solution  of  diammonio-platinic  nitrate ;  it  is  then  precipitated  in  the  form  of  a  heav^, 
yellowish,  crystalline  powder,  composed  of  small  shining  rhomboidal  prisms;  it  is 
nearly  insoluble  in  boiling  water,  and  resists  the  action  of  boiling  potash.  Heated  in 
a  dose  vessel,  it  gives  off  water  and  ammonia,  and  leaves  metallic  platinum.  It 
dissolves  readily  in  dilute  acids,  even  in  acetic  arid,  and  forms  a  large  number  of  crys- 
tallisable  salts,  both  neutral  and  acid,  having  a  yellow  colour,  and  sparingly  soluble  in 
water  (Gerhardt,  Compt  chim.  1849,  p.  273).  Another  compound  of  platinic  oxide 
with  ammonia,  called  fulminating  platinum,  whose  composition  has  not  been  exactly 
ascertained,  is  produced  by  decomposine  chloroplatinate  of  ammonium  with  aqueous 
potash.  It  is  a  straw-coloured  powder  which  detonates  slightly  when  suddenly  heated, 
DUt  strongly  when  exposed  to  a  gradually  increasing  heat. 

H«f     ^' 
The  oxy^oxalate,  pavK  (^*^*)'i  ^  formed  by  decomposing  the  nitrate  with  oxalate  of 

ammonium.  It  is  a  light  yellow  predpitate,  soluble  in  boiling  water,  and  detonating 
when  heated. 

The  sulphate,  pH«/aQ4\tff  ^  obtained  by  dissolving  the  oxide  in  dilute  snlphurie 

add  and  evaporating.  It  is  a  yellow  powder,  having  an  add  taste,  and  solublo  in 
boiling  water. 

4.  TetrammoniO'platinie  Compounds. 

The  oxide  of  this  series  has  not  yet  been  isolated. 

Chloride,  xuiTrnir — Obtained  by  passing  chlorine  gas  into  a  solution  of  totzam- 

monio-platinous  chloride ;  by  dissolving  diammonio-platinic  chloride  in  ammonia,  and 
expelling  the  excess  of  ammonia  by  evaporation ;  or  by  precipitating  a  solution  of 
tetrammonio-platinic  oxynitrato  or  nitrato^hloride  (p.  677)  with  hydrochloric  add. 
It  is  white,  and  dissolves  in  small  quantity  in  boiling  water,  from  which  solntion 
it  is  depodted  in  the  form  of  transparent,  r^pilar  octahedrons,  having  a  faint  yellow 
tint  When  a  solution  of  this  salt  is  treated  with  nitrate  of  silver,  one  half  of  the 
chlorine  is  very  easily  predpitated,but  to  remove  even  a  small  portion  of  the  remaindw 
requires  a  long^ntinued  action  of  the  sihrer-salt  (Grimm).  A  compound  having 
the  formula  N^H**PtCl',  containing,  therefore,  2  at  CI  and  2  at  H  less  than  tJie  pre- 
ceding, is  obtained  by  dissolving  chloroplatinate  of  ammonium  in  ammonia,  and  pre- 
cipitating by  alcohol ;  but  it  does  not  ciystallise,  m^rdy  drying  up  to  a  pale  yeUow 
resinous  mass :  hence  ita  composition  is  doubtfuL 

Chlorobromide,  H'*N*Pt^*Br*Cl».— Prepared  by  treating  tetrammonio-pkitinottB 
ehloride  with  bromine. 
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Nitrates. — ^AbaaiemVra^e  or  aa^tYra^^^i^uNO')*  is  produced  by  boiling  the 

nitnto-chloride  b  with  ammonia.  It  is  a  white  amorphous  powder  slightly  soluble  in 
cold,  more  soluble  in  boiling  water. 

NitratO'chloride,  ^^MlSO^y.—TbiB  salt,  discovered  by  Gros,  is  obtained  by 

treating  Magnus's  green  salt  with  strong  nitric  add.  The  green  compound  first  turns 
brown,  and  is  afteiwards  converted  into  a  mixture  of  platinum  and  a  white  powder, 
which  is  dissolved  out  by  boiling  water,  and  crystallises  on  cooling  in  shining,  flattened, 
colourless  or  pale  yellow  prisms : 

2N«H«PtCl«  +  2HN0*     -     N<H'«PtCl*(KO»)«  +  Pt  +  2Ha. 

This  salt  Resolves  readily  in  water,  especially  when  heated.  The  chlorine  and  pla- 
tinum contained  in  the  solution  cannot  be  detected  by  the  ordinary  reagents ;  Uius 
nitrate  of  silver  and  sulphydric  acid  yield  but  very  trifling  precipitates  even  after  a  long 
time. 

Oxalochloride,  T>tiAiS^O^y, — Oxalic  add  or  an  alkaline  oxalate  added  to  the 

^^  (    a* 

solution  of  the  corresponding  snlphato^hloride  or  nitrato-chloride  throws  down  this  salt 
in  the  form  of  a  white  granular  precipitate,  insoluble  in  water. 

Oxalo'fiitrate,  -SiiX (0*0^.— Deposited  as  a  white  crystalline  body  f5rom  the 

-"   l(NO»)« 
solution  of  octammonio-diplatinic  oxalo-nitrate  in  dilute  nitric  add. 

PhoaphatO'Chloride,  |^|^< (PO*)"'.JH»0.— Obtained  as  a  crystalline  predpitate 

I.     CI 
on  mixing  a  warm  concentrated  solution  of  the  nitrato-chloride  with  trisodic  phos- 
phate ;  from  cold  dilute  solutions  the  salt  crystallises,  after  a  longer  time,  in  radiate 
groups  of  small,  white,  strongly  lustrous  needles.     It  is  nearly  insoluble  in  cold, 
and  only  slightly  soluble  in  boiling  water.    (Raewsky.) 

H»(  ^* 
BulphatO'Chloridey  ^a^A  (SO*)". — Obtained  by  treating  tetrammonioplatinic  chlo- 
ride or  nitrato-chloride  with  dilute  sulphuric  acid,  or  by  mixing  the  solution  of  the 
nitrato-chloride  with  a  strong  solution  of  a  soluble  sulphate.  It  crystallises  in  slender 
needles,  sparingly  soluble  in  cold,  moderately  soluble  in  boiling  water.  The  sulphuric 
add  in  the  solution  is  not  predpitated  b^  barium-salts.  The  sulphato-chlonde  is, 
however,  decomposed  by  hydrochloric  or  nitric  acid,  either  of  which  takes  the  place  of 
the  sulphuric  acid,  reproducing  the  chloride  or  nitrato-chloride.    (Gros.) 

5.  Oetammonio-diplatinie  Compounds, 

H«)     N« 

Oxynitrate  or  Baste  Nitrate,  Pti''V(NO")*.~Thissaltis  produced  by  boiling  di- 

Pt'M     O" 
ammonio*platinous  oxvnitrate  ({>.  675)  with  nitric  add.     It  is  a  colourless,  crvstalline, 
detonating  salt,  slightly  soluble  in  cold  water,  more  soluble  in  boiling  water,  insoluble 
in  nitric  add.    (Gerhardt) 

H"f    ^,, 

^  fY*^  .* — This  Ba\^  discovered  by  Baewsky,  is  formed 


Nitrat-oxyehloride,  Pt*' 

Pt^T 


O" 

a* 


when  Magnus's  green  salt  is  boiled  with  a  large  excess  of  nitric  acid.  Bed  fhmes  are 
then  evolved,  and  the  resulting  solution  deposits  the  nitrat-oxychloride  in  small  brilliant 
needles  which  deflagrate  when  heated,  giving  off  water  and  sal-ammoniac  and  leaving 
metallic  platinunu 

*  RaflwtkyaMinit  to  thh  Mlt  tht  formiiU  8NIP.Pt2CP0^.2KSO',  which  contains  S  at.  oxjfn  more 
than  that  aboT*  glf  en,  and  eomtponding  formula  to  all  the  oUier  lalta  of  this  Mtiat.  Such  formuUa^ 
however,  could  not  be  reduced  to  any  type  timflar  to  those  by  which  the  other  ammonlacal  platlnom- 
compoundt  are  represented,  and  moreover  Raewtky's  platlnnm-determinations  appear  to  be  all  too 
low,  having  been  mude  by  a  method  which  almost  necessarily  tavtdtet  •  loss  of  pUlloum.  Gerbanit 
therefore  proposed  the  formute  above  given. 
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The  nitric  acid  in  this  salt  may  be  replaced  bj  an  equivalent  qaantity  of  carbaiticot 


oxaiio  acid,  yielding  the  salts  Pt"  ^ 


(Cg7    and  ^^ 


^  Qw  ^  ,  both  of  which  are  Bp•^ 


ingly  soluble  and  easily  ciystallisable. 


(     N« 


Abasic  ovalonitraie,  Pt**j  |^q, A,  insoluble  in  water,  is  obtained  by  adding 

oialate  of  amnuminm  to  the  oxynitiate.    (Gerhard t.) 

Theories  <^  the  Constitution  of  the  Ammoniacal  Platinvm-eompoUnds^ 

a.  These  compounds  ma^  be  formulated  as  saltjs  of  iunmoninm-basesy  if  it  be  ad* 
mitted  that  the  hydrogen  in  the  ammonium-molecule  may  in  some  cases  be  partly 
replaced  by  ammonium  itself  in  others  by  the  diatomic  radides,  Pt^'^Cl*  and  Ft'^O : 
thus,  taking  Uie  chlorides  for  example: 

N*H«Pt"OT 

Diamnonio. 

platlnous  chloride. 

N«H»?Pt"Cl« 

Tetraimnonio- 
pUtlnout  chloride. 

N»H«pt"a« 

Dlammonlo- 
platinlc  chloride. 

N*H»»Pt*'Cl* 

TKramroonio- 

platlnic  chloride. 

In  like  manner,  diammonio-platipic  oxide,  N*il'Pt'^0*,  may  be  fbnmilated 
as  oxide  of  oxyplatosammonium,  K*[H'(P0''Oy'].O ;  diammbnio-^latinie  oxynitiste^ 

N«H«.R'»U^q!/,  as   nitrate  of  oxyplatoaodiammmonium,  N*[H«(Pt»^0)''].(NOV; 

I.  ((N0«)« 
Baewsk/s  octammonio-diplatinic-nitratoxychloride,  N'H'^PtV     O",  as  nitrate  of  am- 

I  a* 

mo-oxychloio-platino-tetrammonium,  N*[H^NH*)XPt«'0)''(Pt»'Cl«)''](NO»)*,  &c,  &c 

fi.  Gerhardfa  Theory.  Gerhardt  regards  the  ammoniacal  platinum-oompounds  as 
salts  of  ammonia-bases  formed  by  the  substitution  of  one  or  two  equiyalentsof  pLatinvm 
for  hydrogen  in  a  single  or  double  mole^mle  of  ammonia,  NH*,  admitting,  however,  that 
platinum  may  enter  its  compounds  with  two  different  equivalent  weights,  namely  ss 
platinosum  ^  98*7  =>  Pt,  and  as  platinicum  »  49'S«5  ta  pt.  This  beinff  admittsd, 
the  ammonio-platinous  compounds  may  be  regarded  as  salts  ofplatosamine  KH*Pt 
and  of  diplatosamine  N'H'Pt,  and  the  ammonio-platinic  compounds  as  salts  of 
platinamineNHpt-andof  diplatinamineN*H^t*:  thus 


N«(H«Ptr).Cl«. 
Chloride  of  PlMtoap- 
dlammonlum. 

N«[H*(NH*)«Pt»'].Cl«. 

Chloride  of  Diemino^aiofo- 
diafnmonium. 

iff«[H«(Pt"ci«)*].a« 

Chloride  of  Chloroplttoio- 
dUmmontuin. 

N*(H»*Pt»').Cl*. 

Chloride  of  Platino- 
tetrammonium. 


j(N«H«pra«)     » 

Dlammonio* 
platlnous  chloride. 

KN*H'»Pt"Cl»)       = 
Tetmmmonlo- 
platlnoiu  chloride. 

KN«H«Pt»'Cl*)       = 

DUromonio- 
plstiaip  oUoride. 

J(N*H'«Pt»'a*)        « 
Xetramnoiiio* 
pUtioic  chloride. 

J[N«H".Pt»'(NO")«a«]       - 

TeCrammonio-pIaUfiic 
Nftrato-chlorlde. 

N«H«.Pt»(NO')KJlK) 

04ttaminoai»i^piathiic 
nitratoxychloride. 


NH«Pt.Ha. 

Hjdrochlorate  of 

Piatotamine. 

N«H»PtHCl. 

Hjdrochlorate  of 
DiplatoMmiiie. 

NHpt«.2HCl. 

Dlhrdrochiorata 

of  Flatioamiiie« 

N»HV.2HC1. 

Plhjrdrochlorate  of 

Diplatinamine. 

Chlorhydro-nitrate 
of  Diplatinamine. 


l[2N«H'pt'jf«jo.].H«0 

Sesquichlcrhirdronitrate 
of  Uiplatioamioe. 
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Thcoe  Ibn&iib^  hoverer,  as  well  as  those  based  on  the  ammoniain-type  (p.  678^ 
ost  be  regarded  merelT  as  nnmerical  expreesions,  and  not  by  any  means  as  repre- 
ntations  of  the  rational  constitution  of  the  compounds. 


must 
sentations 


OBO. 


CO.  Methylamine  and  ethylamine  act  readily 
at  ordinary  temperatures  on  platinoas  obloride  suspended  in  water,  forming  compounds 
analogous  in  composition  and  properties  to  Magnus's  green  salt  (p^  674).    The  methyl' 

mrnMsalt,  (CH»N)*A»a*  -  Pt''CP.(CH?W)<Ptra«,  is  a  chrome-green  powder;  the 

etkyiamine-^alt,  {C^n^yi?i*Ci\  is  chamois-coloured;  both  are  insoluble  in  water.  The 
methylamine  milt  boiled  in  a  sealed  flask  with  excess  of  methylamine,  gradually 
dissolyefl^  leaving  only  a  small  quantity  of  a  black  detonating  substance  analogue  to 
fblminating  platinum  (p.  676),  and  the  solution  eraporated  to  a  syrupy  ultimately 
solidifies  to  a  ciTstalline  mass  of  the  salt  (CH*N)*PtTl*,  analogous  to  tetrammonio- 
phitinous  chloride  (p.  676).  The  etkylamne-salt  (C*H*N)« J^fCi*  prepared  in  like 
manner,  crystallises  in  splendid  colourless  prisms  containing  2  at  water,  moderately 
soluble  in  water,  sparingly  so  in  alcohol.  This  salt  treated  with  sulphate  of  silver 
Yields  chloride  of  silver,  and  Utrethylamnumio'platinous  sulphate  (CH^)M*t*(SO^), 
m  colourless  crystals  of  considerable  size.    (Wurts,  Ann.  Ch.  Phys.  [3]  zzx.  443.) 

Chinoline  heated  to  boiling  with  platinous  chloride  forms  a  ]^e  yellow  powder, 
(G*H'N)'.Pt''CP,  which  is  nearly  insoluble  in  water,  but  disBolves  in  excess  of  chino- 
line, forminff  a  solution  fiom  which  adds  throw  down  the  yellow  hydrochlorate, 
(C*H'N)*JvCl'.2HCl:  this  latter,  when  boiled  with  chinoline,  is  reconverted  into  the 
oriflnnal  substance.    (Gr.  Williams,  Jabresb.  1858,  p.  367.) 

Fiperidine  forms  under  similar  dreumstances,  and  with  eneigetie  action,  a  yellow 
compound(0>H"N)*Pt''Cl*,  soluble  in  a  laige  quantity  of  boiling  water.  (Or.  Wiliiams.) 


See  Fx^TDnni  (p.  666). 

or  Native  Hatmum,  This  ore  is  usually  found  in  aurifevoas 
alluvial  sand  or  drift,  in  thin  scales  or  irregular  grains  not  exceeding  the  size  of  A 
small  pea,  ooeasionaUy  however  in  larger  masses  or  nuggets ;  one  of  these  weighing 
800  grammes  was  found  in  the  gold  mine  of  Condoto,  l^eru;  and  in  the  mines  of 


Bemidoff  in  the  Ural,  masses  have  been  found  weighing  6^,  9,  and  9^  kilogrammes. 

Platinum-ore  is  eomposed  essentially  of  platinum,  indium,  osmium,  palladium, 
ifaodium,  mlbenium,  iron*  copper,  and  osmide  of  iridium,  with  which  also  are  associated 
chrome-iron*  tataniferous  iron,  amaU  scales  of  alloys  of  gold  and  silver,  small  hyacinths^ 
and  small  quantities  of  mercury  and  sand. 

Anaigfsee:  a.  From  Qiroblaffodat  in  the  TTral;  non-magnetic:  a.  byBerzelius 
(Pogff.  Ann.  xiii.  436,  627,  563);  /3.  by  Glaus,  BeitrSge  tur  GeeohiohU  der  Hatm' 
pteiaUe,  Dorpat,  1854,  p.  60). — 6.  From  Nischne  Tagilsk :  a.  W  Osann  {fiammeUher^e 
Mineraleheme,  ^.  11);  3.  Vexy  dark  grey;  magnetic;  y,  Dark  grey,  non-magnetio 
grains  (Berselins).— c.  From  Barbacon,  Oregon:  lai^  grains  (Berzelius). — 
tL  From  the  same  locality  (Glaus). — s.  From  £>meo :  small  grains  (after  deduction 
of  3*8per  cent,  osmide  of  iridium  and  0'2  gold  (Booking,  Ann.  Gh.  Pharm.  xcvi.  248). 
-^f.  1mm  the  same:  laminsB  or  flat  ^pniDB  (after  deduction  of  3*97  per  cent  gold  and 
8*83  insoluble  matter,  containing  osmide  of  iridium  and  1*63  per  cenl  cnpric  and  ferric 
oiides)  (Blocker ode,  Vogg.  Ann.  dii.  656). 
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The  following  table  contains  the  results  of  analyses  of  platmum-ore  fieoBi  luioas 
localities  by  Deyille  and  Debray. 


Plitlnotn . 

Coiwnbia. 

Callfbml 

a. 
76*60 

Orrfon. 

BpBia. 

Aortnaia. 

Bairifr 

80- 901 

Wrm 

7(W$ 

8.V.M)  79-8S 

5145 

45-70 

59'S  1  61-40 

77-50  7fr4 

Iridium     . 

o-w 

I-6J. 

\'\H 

1*05 

4-20 

0-85 

0-40 

095 

2*2 

1-10 

1*45     4-3 

Khodium  . 

1-40 

S-50 

1-22 

HIO 

0-65 

1-95 

0-65 

265 

1-5 

1-85 

2  80;    0*3 

.PdlUdtum 

0-M) 

lO" 

114 

0-60 

1-95 

1-30 

015 

0*85 

1-5 

1*80 

0-85     1-4 

Guld 

1  On 

1-ao 

1-22 

o-«o 

055 

1*20 

0*85 

315 

2-4 

l-jni 

•   ,    W 

Copper     '. 

060 

0-6;^ 

08R 

1-40 

0-75 

1-25 

2  15 

1*05 

1*1 

MO 

2-15     41 

Iron  .... 

7-8n 

7-20 

713 

e^ft 

4*45 

610 

4-30 

680 

4*3 

4*.'i5 

960 

117 

Osin-lrkUum    . 

0  95 

1*40 

7»K 

110 

4'9ft 

7-65 

37*30 

2-85 

B5-0 

96  00 

2-35 

OS 

tiaiid. 

0-96 

4-3A 

S'41 

3*d5 

»-60 

1*50 

8*00 

35-95 

1*2 

1*20 

1-ooi 

1-4 

Lead         .       .       . 

• 

•        • 

«        • 

■       • 

•        • 

0*55 

Oimium  and  Iocs    . 

•         • 

•        e 

•        • 

• 

0*0A 

1-25 

.    • 

0*05 

0*8 

•    . 

MO 

\(»i 

100*  U6 

100-15 

100*28 

lOMA 

lOODO 

100*00 

10035 

100-00 

99-8 

100-20 

ifnonn' 

Metliods  of  Analysis.  The  first  complete  method  of  analysing  platinum-ore  vu 
given  by  Berzelius  in  1828  ;  this  will  be  found  fully  described  in  GmtUfCs  Handbook 
(vi.  259 — 264).  Claua  in  1854  {BHtrage  eur  Gcachichte  dcr  PiatinmetaUe)  proposed 
a  simpler  and  in  some  respects  more  exact  method,  and  recently  another  method  has 
been  devised  by  Deville  and  Debray  (Ann.  Ch.  Phys.  [3]  Iri.  885;  Jahresb. 
1859,  p.  243). 

Clauses  Method,  a.  Mwhanical preparation  of  the  ore  and  solution  in  rtitrO' 
muriatic  acid. — This  part  of  the  operation  is  performed  by  Clans  in  the  same  manner 
as  by  Berselius. 

The  ore,  after  being  fret'd  from  grains  of  foreign  matter  by  mechanical  separation, 
and  by  the  magnet,  is  treated  with  dilute  hydi^chloric  acid,  which  dissolves  ferric 
oxide  and  metallic  iron.  It  is  then  heated  in  a  tubulated  retort  having  a  cooled 
receiver  adapted  to  it,  with  concentrated  hydrochloric  acid,  to  which  strong  nitric  acid 
is  added  from  timo  to  time,  as  the  action  diminibhes  in  intensity.  An  excess  of  nitric 
ncid  must  be  avoided,  because  it  would  decompose  the  chloride  of  iridium,  and  cause 
the  separation  of  oxide  of  iridium  on  evaporation.  The  heat  is  continued  till  the 
residue  in  the  retort  becomes  syrupy  and  solidifies  on  cooling ;  the  saline  mass  is 
dissolved  in  a  small  quantity  of  hot  water ;  and  the  solution  is  carefully  deeanted  from 
the  insoluble  residue.  The  di8tillate,  which  has  a  yellowish  colour  arising  from  chloride 
of  platinum  which  has  spirted  over,  is  then  poured  upon  the  residue,  and  distilled 
ni^ain.  without  boiling,  whereupon  a  colourless  distillate  of  dilute  osmic  acid  is  obtained. 
Sh  uld  the  residue  still  contain  any  soluble  matter,  it  must  be  sgain  treated  in  the 
same  manner  with  aqua-regia. 

The  distillate  is  neutralised  with  ammonia  or  lime ;  saturated  with  sulphydric  acid 
gas  in  a  bottle  nearly  filled  wi^  it ;  and  set  aside  for  some  days  with  the  bottle  closed 
till  the  precipitate  settles  down ;  after  which  the  watery  liquid  is  separated  from  the 
sulphide  of  osmium  by  decantation  and  filtering.  In  this  manner  the  qxiantity  of 
osmium  in  the  distillate  is  determined  (p.  244). 

fi.  8(T>aration  of  the  othtr  metafe. — The  mode  of  separation  is  founded:  first,  on  the 
insolubility  of  chloroplatinate  of  ammonium,  and  the  corresponding  salts  of  iridiniDt 
osmium  and  ruthenium,  also  of  cblororuthenite  of  ammonium,  m  sal-ammoniac  solution ; 
>econd]y,  on  the  solubility  of  chloriridite  of  ammonium  (iii.  818),  and  of  the  cor- 
responding rhodium-salt  in  sal-ammoniac  solution ;  and  thirdly,  on  the  convertibili^ 
of  chloriridate  of  ammonium  into  chloriridite  by  the  action  of  sulphydric  acid. 

The  solution  containing  the  platinum  &c.,  after  being  separated  from  the  residue, 
is  evaporated  to  dryness  over  the  water-bath  in  a  porcelain  basin,  and  heated  for  some 
time  in  a  sand-bath  to  140° — 160®  in  order  to  convert  the  tetrachloride  of  iridium  into 
trichloride.  A  small  quantity  of  hydrochloric  acid  is  then  added  ;  the  whole  is  dissolved 
in  water,  and  mixed  with  a  strong  solution  of  sal-ammoniac ;  and  the  resulting  pre- 
cipitate of  chloroplatinate  of  ammonium  is  collected  on  a  weighed  filter,  washed  with 
dilute  sal-ammoniac,  then  with  alcohol  of  0*80° :  when  dried  and  weighed  it  gives  the 
quantity  of  platinum.  This  platinum  contains  merely  a  small  quantity  of  iridium, 
from  which  it  may  be  freed  by  solution  in  nitromuriatic  acid  containing  an  excess  of 
nitric  add.  The  iridium  is  then  left  behind,  and  maybe  calcined  with  the  filter,  the. 
reduced  by  hydrogen  and  weighed. 

The  mother-liquors  from  which  the  chloroplatinate  of  ammonium  has  separated,  are 
nuxed  with  the  wash-waters,  and  exposed  to  the  action  of  a  cozrent  of  chlorine  till 
they  assume  the  brown-red  colour  of  tetrachloride  of  iridium,  then  evaporated  to 
dryness  over  the  water-bath  ;  and  the  dry  mass  reduced  to  fine  powder  is  treated  with 
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alcohol  of  80  per  Of^nt  till  the  washings  become  quite  colonilesa.  The  filtered  liquid 
coQtains  all  the  iron  and  copper — wh\3i  may  be  determined  by  the  oirdinazy  methods— 
with  scarct^lj  any  traces  of  the  platinum-metals. 

The  residue  insoluble  in  alcohol  contains  all  the  platinum-metals  except  osmium ; 
the  quantity  of  ruthenium  in  it  is  however  too  small  to  be  estimated.  By  washing  it 
with  a  dilute  solution  of  sal-ammoniac,  till  the  liquid,  which  is  red  at  first,  runs  off 
colourless,  the  rhodium  and  palladium  are  entirely  dissolred,  while  platinum  and 
iridium  remain  behind  {A).  The  solution  ia  eTaporated  to  dryness ;  the  dry  residue 
is  calcined  in  a  closml  platinum  crucible,  then  reduced  by  hydrogen,  and  the  mixture 
of  rhodium  and  paUadium  is  weighed.  The  two  metals  are  then  treated  with  nitro- 
muriattc  acid ;  the  resulting  solution,  which  contains  all  the  palladium  together  with 
a  little  rhodium,  is  evaporated  nearly  to  dryness,  mixed  with  a  drop  of  caustic  soda- 
solution,  and  precipitated  with  cyanide  of  mercury ;  and  the  precipitate,  after  washing, 
drying,  and  ignition,  is  reduced  with  hydrogen  and  weighed  as  palladium.  The 
quantity  of  this  metal  deducted  from  the  total  weight  of  the  two  metals,  gives  the  weight 
of  the  rhodium. 

The  residue  (A)  containing  platinum  and  iridium  is  heated  with  water  to  the  boiling 
point>  and  mixed  with  a  (Quantity  of  aqueous  sulphydric  add,  sufficient  to  convert  the 
tetrachloride  of  iridium  into  trichloride.  The  liquid,  highly  concentrated  but  not 
filtered,  is  next  mixed  with  a  strong  solution  of  sal-ammoniac,  whereby  all  the  platinum 
is  precipitated,  and  the  iridium  retained  in  solution.  The  liquid  is  filtered;  the  pre- 
cipitate washed  with  a  strong  solution  of  sal-ammoniac ;  the  filtrate  evaporated  to 
drjrness;  the  salt  carefhlly  ignited ;  and  the  iridium  weighed  after  reduction  in  a 
stream  of  hydrogen.  The  platinum-salt  is  likewise  ignited,  and  the  quantity  of 
platinum  which  remains  is  added  to  that  previously  obtained.  To  prevent  loss,  it  is 
advisable  to  wrap  up  the  saline  mixture,  which  contains  a  large  quantity  of  aal- 
ammoniacv  in  filter-paper,  and  ignite  it  as  carefblly  as  possible. 

The  residue  insoluble  in  nitromuriatic  acid  is  disintegrated,  according  toWohler's 
method  (iiL  814),  by  mixing  it  with  chloride  of  sodium,  and  igniting  it  three  times 
in  a  stream  of  moist  chlorine.  The  mass  is  then  digested  several  times  with  water, 
and  the  united  solutions,  which,  besides  a  large  quantity  of  common  salt,  contain  all 
the  platinum-metals  (but  only  a  small  quantity  of  palladium)  and  considerable 
quantities  of  iron  and  cop^r,  are  strongly  concentrated  and  treated  with  chlorine  to 
convert  the  trichloride  of  indium  into  tetrachloride.  A  strong  solution  of  sal-ammoniao 
is  then  added,  which  after  a  while  throws  down  the  whole  of  the  platinum,  iridium, 
ruthenium,  and  osmium,  while  rhodium,  palladium,  iron  and  copper  remain  in  solution. 
The  precipitate  is  washed  with  water  containing  sal-ammomac,  then  dissolved  in 
boiling  water,  and  the  solution  is  kept  for  some  time  at  the  boiling  heat,  and  mixed  with 
a  few  drops  of  ammonia,  which  precipitates  osmium  and  ruthenium.  To  separate 
these  metals,  the  precipitate  is  fused  m  a  silver  crucible  with  a  mixture  of  2  pts.  nitrate 
and  1  pt  hydrate  of  potassium,  and  the  fused  mass  is  treated  with  distilled  water, 
whereby  a  solution  of  osmiate  and  rutheniate  of  potassihm  is  obtained.  The  ruthenium 
is  then  precipitated  as  trioxide  by  nitric  acid,  and  separated  from  any  osmium  that  it 
may  stiU  contain  bv  distillation  with  nitric  add;  the  osmium  in  the  solution  is  like- 
wise separated  in  the  same  manner.  The  residue  containing  ruthenium  and  nitrate  of 
potassium  is  treated  with  hydrochloric  add,  and  the  liquid  is  concentrated  by  evapora- 
tion. On  cooling  it  depodts  crystals  of  nitre,  and  the  mother-liquor,  on  fbrther  con- 
centration, deposits  chlororuiheniate  of  potasdum,  from  which  the  ruthenium  maybe 
separated  in  the  metallic  state  (see  Ruthsnium ). 

The  solution  containing  the  platinum  and  iridium  is  treated  for  the  separation  of 
these  metala  in  the  manner  above  described.    See  also  Osmuudxitm  (p.  240). 

Deville  and  Debray's  method, — 1.  To  determine  the  sand  (quarts,  sircon, 
chrome-iron,  and  titaniferous  irbn),  2  grammes  of  the  ore  are  fhsed  in  a  small  earthen 
crucible,  with  7  to  10  grammes  of  pure  granulated  silver  and  10  grammes  of  fbsed  borax ; 
and  after  cooling,  the  button  of  silver  which  contains  the  osmium,  platinum,  and  all 
the  other  metaU,  is  detached,  and  digested  if  necessary,  with  weak  hydrofiuoric  add, 
to  remove  the  last  portions  of  borax, — ^then  dried,  heated  to  redness,  and  weighed. 
The  weight  of  the  button  deducted  from  the  sum  of  the  weights  of  the  ore  ana  the 
silver  employed,  pivee  the  quantity  of  sand  in  the  ore. 

2.  To  determme  the  Osmiridium.— Two  grammes  of  the  ore  axe  digested 
at  70^  with  nitromuriatic  add  (composed  of  2  vols,  strong  hydrochloric  and  1  voL 
strong  nitric  add)  till  the  platinum  &c  is  completelv  diesolved,  renewing  the  nitro- 
muriatic acid  till  it  no  locger  becomes  coloured  after  12  or  15  houn^  action.  The 
solution  is  very  canfhlly  decanted  from  the  residue  (any  spansles  of  osmtridium 
that  it  may  deposit  on  standing  being  collected  on  a  filter  and  added  to  the  residue) ; 
and  this  residue  is  thoroughly  wash^l  by  decantatjon,  then  dried  and  weighed.    The 
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difference  between  tblfl  veigbt  md  that  of  the  land-  yiefkfiBaiy  detflonined  fjtwm  f]» 
weMt  of  th0«itBifidiiai^<  >      . 

The  regnline  maaa  tree  from  sand,  obtained  in  the  flnt  stage  of  the  prooeoB^  may  aho 
be  used  for  th»  estimattOB  of  the  osmiridinm,  the  silver  contained  in  it  being  dissolTed 
out  by  nitric  acid,  and  the  residue,  which  contains  the  osmindium,  treated  in  the 
manner  just  d40ctibHL 

'  8.  To  determine  the  platinum  andiridium,  the  solution  obtained  by  tzeating  the 
two  witli  nltromuriatie  aisid  is  eraporated  nearly  to  dryness  ^t  a  gentle  heat;  the  zeddne 
fis  treated  with  a  small  quantity  of  water  (in  w^ch  it  should  diraolre  completely),  tken. 
with  a  Tolume  of  pure  iJcohol  eqfoai  to  twice  that  of  the  water;  a  large  excess  of  pure 
CffTStaUised  chknide  of  ammonium  is  added;  and  the  liquid  is  gently  warmed  till  the 
aal-ammoniac  is  nearly  dissohredy-then  stiired,  and  left  at  rest  for  24  hours.  The 
resulting  preeipttate  containing -the  platinum  :and  iridium  (bijit  not  the  whole)  is  col- 
lected on  a  Alter,  washed  with  ^cohot  of  76  per  cent,  then  dried  and  ignited  at  the  lowest 
possible  temperature — strips  of  paper  moistened  with  oil  of  tarpentLne  being  zepeatedlj 
thrown  into  the  crucible  aner  the  filter  has  been  burned,  in  order  to  reduce  the  oxide 
of  iridium  and  expel  the  last  traces  of  osmium,— and  finally  heated  to  whiteness  till  the 
weight  becomes  constant.  The  mixture  of  platinum  and  iridium  thus  obtained  ia 
weighed  and  digested  at  40^ — 60°,  with  .nitiomuriatic  acid  diluted  with  four  or  fixe 
times  its  weight  of  water,  the  liquid  beitig  renewed  from  time  to  time  till  it  no  longer 
becomes  coloured ;  the  undissolved  parti<m  is  pure  iridium.  The  Uqnid  decanted £roin 
the  above-mentioned  precipitate  (containing  platinum  and  iridium)  formed  by  the 
sal-ammoniac,  is  evaporatea  till  a  great  part  of  the  sal-ammoniac  has  cxystalhsed  out. 
and  filtered  when  cold ;  it  then  deposits  a  small  additdonal  quantity  of  platiniferooa 
chloriridiate  of  ammonium,  which  is  to  be  washed  with  solution  of  sal-ammoniac,  then 
with  alcohol,  and  treated  as  above. 

4.  The  alcoholic  liquid  fireed  ftom  platinum  and  iridium  by  precipitation  with  sal- 
ammoniac  still  contains  palladium,  iron,  copper,  gold  and  rhodium.  It  is  freed  from 
alcohol  bv  warming,  from  sal-ammoniac  by  digestion  with  excess  of  nitric  acid  (which  * 
resolves  this  salt  into  nitrogen  and  hydrochloric  acid),  then  evaporated  nearly  to  diy- 
ness.  The  residue  is  completely  dried  in  a  porcelain  crucible  which  can  be  covered, 
then  moistened  with  concentrated  aqueous  sulphide  of  ammonium,  carefully  and  com- 
pletely dried  after  addition  of  2  or  3  pts.  of  pure  flowers  of  sulphur,  and  filially 
heated  to  brip^ht  redness,  the  porcelain  crucible  being  placed  within  a  covered  earthen 
crucible,  so  t£at  lumps  of  charcoal  may  be  placed  ^tween  the  two,  and  ie;nited  fbom 
above  downwards.  The  weighed  contents  ot  the  crucible,  consisting  of  reduced  palla- 
dium, sulphide  of  iron,  Fe'S\  sulphide  of  copper,  CHI'S,  and  metallic  gold  andthodium, 
are  digested  for  some  time  at  70°  with  rather  strong  nitric  acid,  which  diaBc^ves 
palladium,  iron  and  copper;  the  solution  is  evaporated  to  dryness ;  the  residue  heated 
to  dull  redness ;  and  the  ignited  mass  treated  with  somewhat  dilute  hydrochloric  add 
which  dissolves  the  iron  and  copper  as  ferric  and  cupric  chlorides,  leaving  palladium 
undissolved.  On  evaporating  the  solution  to  dryness  at  100^,  and  treatmg  the  remdue 
with  aqueous  ammonia,  the  copper  dissolves  as  cupric  chloride,  whue  the  iron 
remains  as  ferric  oxide.  The  ammoniacal  solution  is  concentrated,  the  copper  converted 
into  nitrate  by  addition  of  nitric  acid  and  evaporadon,  then  into  cupric  oxide  by 
iffniting  the  residue,  and  weighed  in  that  form.  Lastly,  the  portion  of  the  contents  oif 
the  porcelain  crucible,  insoluble  in  nitric  acid,  consisting  of  gold  andrhoditr'm,  lb 
» digested  in  weak  nitromuriatic  acid,  which  dissolves  the  gold  and  leaves  the  rhodiufn* 

It  is  by  this  method  that  the  analyses  of  platinum-ore,  the'results  of  which  are  given 
at  page  680,  were  made.  For  the  commercial  assay  of  platinum>-ores,  D6ville  and 
Debray  give  the  following  method. 

The  gold  is  extracted  by  repeatedly  treating  the  ore  with  small  quantities  of  me^ 
cury  and  weighed  after  distilling  off  the  mercury  firom  the  liquid  amalgam.  Tkas  pro- 
cess  makes  the  amount  of  gold  rather  too  small ;  on  the  other  hand,  it  ia  obtained 
slightly  in  excess  by  treating  the  ore  with  weak  nitromnriade  acid,  evapoeating,  and 
igniting  the  residue. 

The  sand  is  determined  as  above  described  (p.  681). 

To  determine  the  platinum,  60  grms.of  the  ore  are  fbsed  with  76  grms.  of  purelead, 
50  grms.  of  pure  well  oiTstallised  galena,  and  10  to  16  grms.  of  borax,  the  heat  being 
raised  to  the  melting  pomt  of  silver  and  kept  at  that  temperature  till  no  mora  grains 
of  platinum  can  be  pejccived  on  stirring  the  fiised  mass  with  a  pipe*Btem,  after  which 
the  heat  is  increased  and  60  grms.  of  lithaige  are  gradually  added  in  proportion  aa  it 
is  reduced.  The  whole  is  tiien  left  to  cool,  and  the  reguline  mass,  after  being  deaneed 
from  sla^,  is  weighed,  llie  mass,  weighing  about  2^  fpnanB.,  contains  the  platinum- 
metals  alloyed  with  lead,  also  the  osmide  of  iridium  mixed  up  with  its  lower  part* 
whOe  the  iron  and  copper  have  passed  into  the  sbg.  The  lower  portion  of  this  regains 
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u  next  sawn  off;  tibe  npper  (amonnting  to  aboat  ^ths  of  the  whole)  is  weighed  together 
with  the  shayings ;  a  portion  of  it,  amounting  to  |th,  ia  ensiled  with  an  exactly  weighed 
portion  of  silver  (equfd  to  6  or  6  times  the  weight  of  platumm  snppoaed  to  be  present), 
and  if  necessaiy  with  an  additional  quantity  of  lead,  at  the  temperature  required  for  a 

£»ld  assay.    The  platinum  then  remains  allowed  with  silver,  and  the  weight  of  the 
tter,  diminished  by  that  of  the  silver  added,  gives  the  weight  of  the  platinum,  and 
ten  times  thia  weight  is  the  total  amount  of  platinum  in  the  portion  of  ore  taken  for  the 
'  assay.    This  reswt  is  however  a£feeted  with  a  slu^t  error,  arising  from  the  small  ^ 

^  quantity  of  osmiridium  in  the  lower  part  of  the  regn^.    To  avoid  this  source  of  inac- 


curacy, the  following  method  may  be  adopted. 

The  lower  part  (j^th)  of  the  regnhis  is  heated  with  ten  times  its  weight  of  nitric  add 
diluted  with  an  equal  volume  of  water,  till  all  the  lead  is  dissolved,  and  nothing  is  left 
but  a  fine  powder  conaiBting  of  ptlatinum  and  osmiridium.  This  residue,  after 
being  carefbUy  washed  by  dMantation,  first  with  acidulated,  then  with  pure  warm 
water,  is  dried  and  weighed,  then  treated  with  nitromuriatic  acid,  which  dissolves  out 
the  platinum ;  and  the  osmiridium  which  remains  undissolved  is  finally  washed,  dried, 
and  weighed.  Its  weight,  deducted  ftom  that  of  the  residue  insoluble  in  nitric  acid, 
gives  the  weight  of  the  platinum. 

The  proportion  of  platinum  found  b^  the  assa^ '  mus£  however  be  dfmimshed  by 
about  4  per  cent,  to  auow  for  the  palladium,  rhodium,  and  iridium  which  exist  in  the 
ore  always  to  the  amount  of  4  to  5  per  cent,  and  are  not  sepazated  by  the  process  just 
described. 

Flat^num-residues. — ^For  the  analysis  of  the  matters  which  remain  undissolved 
when  platinum-ore  is  digested  in  nitromuriatic  acid  (insoluble  reaidnes),  and  for  those 
obtained  by  precipitation  with  metallic  iron  from  the  solution  previouisly  freed  from 
platinum  and  palladium  (precipitated  residues),  Deville  and  Bebray  give  the  following 
methods. 

a.  The  inwlubie  remdues  contain  all  the  platinum-metals,  but  consist  chiefly  of  osmi- 
ridium and  sand  in  vexy  variable  proportions.  60  grms.  of  the  residue  are  introduced 
into  a  crucible  together  with  150  to  200  grms.  litha^  and  50  to  100  grms.  lead — the 
lead  at  the  bottom,  then  the  mixture  of  platinum-residue  and  litharge,  and  pure 
litharge  at  the  top — ^and  heated  to  redness  for  half-an-hour,  stirrins  from  time  to  time 
with  an  earthenware  rod ;  after  which  the  crucible  is  left  to  cool  and  the  reguline  mass 
is  freed  from  slag  (the  litharge  may  be  completely  removed  by  a  few  hours'  treatment 
with  hot  acetic  add  and  subsequent  brushing).  This  mass  is  treated  with  dilute  nitric 
acid  at  100^  till  the  lead  ia  completely  dissolved;  the  solution,  which  contains  lead  and 
palladium,  is  freed  from  lead  by  a  slight  excess  of  sulphuric  add,  then  evaporated 
nearly  to  dryness  at  a  temperature  not  exceeding  120^*;  the  reddue  is  treated  with 
water;  and  from  the  resulting  solution,  the  palladium  is  predpitated  as  cyanide. 
The  reddue  left  undissolved  b^  the  nitric  add  is  thoroughly  washed  with  boiling 
water  slightly  addulated  with  nitric  acid;  then  dried  and  wdghed  (let  the  weight  be 
called  A);  treated  with  nitromuriatic  acid,  which  quickly  dissolves  the  platinum 
together  with  a  little  iridium  and  rhodium ;  and  the  weight  (B)  of  the  undissolved 
matter  is  determined :  this  is  osmiridium.  The  nitromuriatic  acid  solution  contains 
chiefly  platinum,  the  quantity  of  which  is  nearly  equal  to  A  -S.  Its  weight  may 
be  more  exactly  determined,  together  with  that  of  the  iridium,  by  predpitatine  a 
flndy  divided  mixture  of  the  two  metals  in  the  manner  gjjen  at  page  681,  and  ma- 
solving  out  the  platinum  with  weak  nitromuriatic  add.  The  rhodium  may  also  be 
determined  by  the  method  already  given  for  the  analysis  of  platinum-ores. 

fi.  The  precipitated  residues  are  analysed  nearly  in  the  same  manner,  a  smaller 
quantity,  however,  viz.  10  gnus.,  being  taken,  and  fiised  with  10  to  15  grms.  lead  and 
30  to  40  grms.  litharge.  The  resulting  metallic  mass  contains — besides  lead,  which 
must  be  earefbUy  predpitated  as  sulphate — palladium,  to  be  predpitated  as  cyanide 
in  the  manner  above  described,  and  rEodium,  which  mav  be  determined  by  evapo- 
rating the  filtered  liquid  to  dryness,  and  redudng  the  residue  with  addition  of  sulphur 
in  the  manner  descrioed  at  page  OSST,  No.  4.  From  theteddite  inaoltible  in  nitric  add, 
the  platinum  is  dissolvea  by  nitromuriatic  add,  together  with  small  ouantities  «[f« 
iridium  and  rhodium,  to  be  determined  by  methods  already  detailed,  and  there 
then  remains  a  reddue  consisting  chiefly  of  i  ridium  together  with  a  small  quantity 
of  osmiridium  (which  was  probably  suspended  in  the  liqiuda  from  which  the  pre- 
cipitated rendnes  were  obtained).  The  slag^  conatstins  chiefly  of  Uthaige,  contains  tbe 
iron  and  copper  which  were  present  in  the  predpitatea  reddues. 

The  fbllowing  are  the  results  of  the  analysis  of  several  platinum  reddues  made  by 
this  method. 
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a.  From  the  Russian  mint :  small  irregular  masses. 

b.  Black  powder  with  crystalline  scales. 

Anal^tU  of  Osmiridium  according  to  Deville  and  Debraj. — ^The  sand  is  first 
determined  b^  the  method  already  given  (p.  681).  The  osmiridium  is  then  disinte- 
grated by  fusion  with  metallic  sine  as  described  under  luDirx  (iii.  316),  then  mixed 
with  5  pts.  of  barium-peroxide,  or  3  pts.  peroxide  and  1  pt  nitrate  of  barium,  and 
heated  moderately  for  an  hour  or  two  in  a  silver  crucible  haTing  a  close-fitting  cover. 
The  mass  when  cold  is  detached  bV  pressing  the  sides  of  the  crucible,  and  transferred 
to  a  capacious  porcelain  dish,  in  wnieh  it  is  mixed  with  hydrochloric  acid  and  a  little 
nitric  acid  (care  being  taken  to  avoid  loss  by  spirting).  The  mixture  is  heated  to 
boiling  till  the  odour  of  osmic  acid  has  entirely  msappeared,  then  evaporated  to  dry- 
ness slowly  and  at  a  moderate  heat;  the  residue  is  digested  with  warm  water  and  a 
little  acid ;  and  the  solution  is  decanted  from  a  small  portion  of  silica  and  osmiridiuno, 
the  weight  of  the  latter  being  determined  and  allowed  for.  From  the  solution  the 
barium  is  precipitated  by  a  quantity  of  titrated  sulphuric  acid,  equivalent  to  the  weight 
of  the  peroxide  and  nitrate  of  barium  used  (a  vezy  slight  excess,  however,  does  no  harm) ; 
the  filtrate  is  treated  with  sal-ammoniac  to  precipitate  the  iridium,  ruthenium  and 
platinum ;  this  precipitate  is  reduced ;  the  platinum  is  dissolved  out  of  it  by  dilute 
uitromuriatic  acid ;  and  the  residue  is  fused  with  nitrate  and  hydrate  of  potassium, 
wherebv  it  is  resolved  intx)  iridium  which  remains  almost  unattacked,  and  mthenium 
which  aissolves.  The  rhodium  (together  with  any  iron  and  copper  that  may  be  pre* 
sent)  remains  in  the  liquid  from  which  the  iridium  &c.  has  been  predpitated  by  sal- 
ammoniac,  and  is  reduced  therefrom  by  the  method  already  described  (p.  682).  The 
osmium  is  estimated  by  loss,  a  method  which  Deville  and  Debray  re^uded  as  more 
trustworthy  than  the  collection  of  the  osmic  acid  and  the  determination  of  the  osmium 
therefrom. 

The  composition  of  several  samples  of  the  mineral  as  determined  by  Deville  and 
Debray,  and  others,  is  given  under  ImDOsmim  (iii  824). 

See  page  688. 

Finely  divided  platinum,  obtained  by  igniting  chloro- 


platinate  of  ammonium  (p.  663). 


NH*Pt. — ^The  ammonia-base  supposed  by  Oerhardt  to  exist 
in  the  ammonio-platinous  compounds.    See  pLAToruK-BASHfl^  Amkomiacjal  (p.  678). 


Hypothetical  bases 
analogous  to  platosamine.    (See  Pi^tikux-basbs,  Oboakic^  p.  679.) 


•  with  thfl  oommoa  mcCab  «id  fltpselaUj  illvsr. 
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Natire  peroxide  of  lead,  FbO*,  from  Leadhilb,  Sootland. 

(T*    Ferraginons  spinel  (see  Spixsl). 

Sjrn.  with  W^OMBiuTB  (see  Phospbates,  p.  669). 

See  MxSFicxsL  (iiL  1026). 

F&OCASXA  aU0BaV0ZB88«    One  of  the  algae  from  which  gelose  is  obtained 
(ii  829). 

Sjn.  with  FLTJiap-BsaDnTi. 

Syn.  with  Babbodt  (i.  609). 

A  hydiated  silicate  of  calcium,  Ca'SiO*.2H*0,  formed  by  the 
action  of  a  hot  mineral  spring  at  Plombiires  on  an  old  Boman  mortar.  It  is  deposited 
as  a  gelatinous  nodular  mass,  which  on  exposure  to  the  air  becomes  hard,  opaque  and 
gnow-white.    (Daubrie,  Ann.  Sfin.  [6]  xiii.  214.) 

See  FBU2n78. 

The  acrid  principle  of  the  root  Plumbago  europtta.  It  is  ob- 
tained bj  repeatedly  boiling  the  ethereal  extract  of  the  root  with  water,  whence  it 
is  deposited  on  cooling,  and  may  be  purified  by  ciystallisation  from  alcohol  or 
ether-alcohoL  It  crystallises  in  delicate  needles  or  prisms  often  grouped  in  tufts ;  has 
a  styptic  saccharine  teste,  with  acrid  biting  after-taste ;  melts  very  easily,  and  partly 
volatilises  unaltered  when  heated.  It  is  neutral,  nearly  insoluble  in  cold,  more  soluble 
in  boiling  water,  yeiy  soluble  in  alcohol  and  ether.  It  disaolres  with  yellow  colour  in 
strong  sulphuric  and  in  Aiming  nitric  add,  and  is  precipitated  by  water  in  yellow 
flocks.  Alkalis  change  the  coK>ur  of  the  solution  to  a  fine  cheny-red ;  acids  restore 
the  yellow  colour.  Basic  acetate  of  lead  also  colours  it  red,  and  forms  a  crimson 
precipitate.    (Dulong,  J.  Fharm.  xiv.  441.)         . 

See  Carbon  (i.  758). 

See  LxAD-BADiCLis,  OBOAinc  (iii.  661). 

ISO  OOnUL    Native  protoxide  of  lead  (see  Lba.d,  iii.  649). 

D.  An  isomorphous  mixture  of  the  carbonates  of  lead  and 
calcium,  Fb''CO*.32Ca'*CO',  occurring  in  rhombohedral  forms  at  Leadhills,  and  in  the 
High  Hm  Mine,  Wanlockhead,  Lanarkshire. 

P&UMBOHBSnnTB.  Plombffomme,  BUigummi.  (rtfmmtMNzM.— A  lead-mineral 
resembling  gum  arable  in  colour  and  appearance,  found  at  Huelgoet  in  Brittany, 
at  Nussi&re  near  Beaiyeu,  at  Roughten  Gill,  Cumberland,  and  at  Mine  La  Motte, 
Missouri.  Accordingto  Berzelius,  it  is  a  hydrated  aluniinate  of  lead,  Fb''0.Al*0'.6H-0 
or  Fb"AlK)^.6EP0.  I)amour  and  Du&^noy,  on  the  other  hand,  found  in  it  about  8  -per 
cent  phosphoric  anhydride,  and  according  to  their  analysis  it  would  appear  to  be  a 

mixture  or  compound  of  phosphate  of  lead  with  hydrate  of  alumina,  Fb'F*0*.6ArHK)\ 
(Dana,  iL  481.) 

Syn.  with  Boitiamobbitb  (i.  661). 

Syn.  with  Hbtbbomorphitb  (iii.  161). 

lTZO  TBOVOB.     See  Gasbs,  Collbctiok  and  Pbbsbbyation  of 
(ii.  806). 

ynrano  ACXA.  An  acid  existing,  according  to  Verdeil  (Compt.  rend,  xxxiii. 
604),  in  the  parenchyma  of  the  lunss  of  most  animals.  It  is  yeiy  soluble  in  water, 
insoluble  in  cold  alcohol,  but  soluble  in  boiling  alcohol,  whence  it  crystallises  in 
stellate  noups  of  shining  needles,  which  do  not  gire  off  any  water  at  100^.  It  contains 
carbon,  hydrogen,  nitrogen,  oxygen,  and  sulphur,  forms  crystallisable  salts,  and  de- 
composes carbonates  (Gerh.  iii.  924). 

POTiftWTOHTlOy,  aXAOTRZOA&.    See  ELSCTBicnr  (ii.  399,  429). 

FOIiAmniATZOV,  BIAOMBTXC.    See  MAomrnbX  (iii.  767,  768). 

FOTiftWTSftTXaW  or  XiZOBT.    See  Lioht  (iii  662). 

FOUrr-OXXh  A  yolatile  oil  obtained  from  the  herb  of  Mentha  PuUgium  at 
flowering  time,  by  distillation  with  water,  and  haying,  according  to  Kane,  the  composi- 
tion of  camphor,  C**H"0.  It  is  yellowish,  has  an  aromatic  odour,  a  specific  grayity  of 
0*9271  to  0*939;  boils  between  182<^  and  186^,  and  leayes  a  small  quantity  of  solid 
matter  when  rectified.    (Handw.  d.  Cbem.  yi.  616.) 

A  yariety  of  natiye  peroxide  of  manganese  occuring  at  Flatten  in 
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BohemSa,  and,  together  irith  ^ytolwAt^  at  Sehneebeig  and  Johaimiflbeig  ia  SaxMj. 
It  crystallues,  like  pyrolosite,  in  trimetric  forms,  but  differs  from  it  in  the  proportions 
of  its  axes,  and  in  cleaving  distinctly  parallel  to  the  brachjdiagonal  onlj,  whereas 
pjzolnsite deayes  pamllel  taall  three  axee.  It  is  also  distingnished  by  gieater  haidBeas. 

a,  b.  c.  wP  I  ODp.         HsrdiMii. 

Ptiolnsite        1    :     1-066      :    0776  93«  40'  2*26 

Polianite  1    :    1*0513    :    0-6317        92^  62'         65  to  7 

(Dana,  ii.  181 ;  Handw.  vi.  615.) 

VO&ZBWB.  Volckel's  name  for  one  of  the  oomponnds  obtained  by  heating  snlpho- 
cyanate  of  ammonium  (q,  v.)  above  300^.  Volckel  regards  it  as  isomeric  with  melamfaie 
or  cyanuramide  (ii.  287) ;  bnt^  according  to  Liebig,  it  is  identical  with  melam  (iii.  865) 
(see  OmeUn'a  Handboolt,  ix.  484). 

VO&XBRSVO  POlRHMBk  Very  finely  divided  ferric  oxide,  used  for  polishlog 
optical  glasses.  Daguerreotype  plates,  &c 

PO&ISBIMO  SULTB.  Poliraekitfer. — ^A  porous,  slaty,  fine-earthy  rock,  mostlj 
of  yellowish-white  colour,  consisting  almost  entirely  of  iJie  suioeons  sheUs  of  infbsoria 
rEhrenberg).  That  occurring  on  the  Kritschelberg  near  Bilin,  in  B<^emia,  was 
found  by  Ban  ma  nn  {Bammdsoer^n  MineralchemU,  p.  136)  to  contain  87*58  percent^ 
silica,  2*04  alumina  and  ferric  oxide,  1*09  lime,  0'30  magnesia,  and  8*89  water.  In 
some  places  it  is  found  to  be  converted  into  a  semi-opaline  substance. 

VOI&US.  A  silicate  of  aluminium  and  caesium,  occurring,  together  with  Castor 
(p.  881 X  in  the  island  of  Elba.  It  resembles  analdme  in  form;  ib  colourless  and 
transpaient ;  has  a  conchoidal  fracture  with  vitreous  lustre  on  the  fractured  sur&oeL 
Hardness  ■■  6*5.  Specific  gravity  »  2*900.  When  heated  it  gives  off  a  little  water» 
and  becomes  transparent,  and  when  heated  on  platinum-wire  with  a  little  fluoride  oi 
ammonium,  and  then  moistened  with  hydrochloric  acid,  it  exhibits  in  the  spectroscope 
the  two  blue  lines  of  caesium,  together  with  the  sodhim-lines.  Gives  hj  analysis  44*03 
per  cent,  silica,  15' 97  alumina,  0*68  ferric  oxide,  0*68  lime,  34*07  oxide  A  caesiuin, 
8-88  oxide  of  sodium,  and  2*40  water  -  101*71.  (F.  Pisani,  Bull.  Soc  Chim.  [21  i. 
456.) 

Pollux  was  discovered  by  Breithaupt,  and  imperfectly  analysed  by  Flattner  (with  a 
loss  of  7  per  cent),  who  regarded  it  as  a  silicate  of  aluminium,  potassium,  and  sodium. 

FOXiTASM&VMITfl*  A  brownish-yellow  garnet  from  the  Franklin  furnace. 
New  Jersey,  containing,  according  to  Weber  {Rammdsherg's  MiMratchemie,  p.  693% 
34*83  per  cent  silica,  1*12  alumina,  28*78  feme  oxide,  8*82  manganous  oxide,  24'Otf 
lime,  and  1*42  magnesia  (cs  98*97). 


FOZiTAXCUTBi    A  rose-coloured  etanular  variety  of  anorthite  from  Tnnabezg  in 
Sweden,  containing,  according  to  A.  Erdmann  {BammM>9r^BMiwralehiemU^^  598) : 

SIO*.       APO*.      Fa»0>.    Mn*OS.    Ca"a     Mft'^O.     NatQ.      K*0.       IPO. 

45-12     35*64      0*14      0-30      588      0*26       0*67      6-93      4*92  ^  99*86. 


VO&TBASnraL    A  sulpharseno-antimonite  of  silver  and  copper,  ooettRUng  in 

short  tabular  hexagonal  prisms,  oP  .  <x>P  .  P,  having  the  principal  axis  =  1*4182. 
Angle  P:  P  in  the  terminal  edges  -*  129"^  32';  in  the  basal  edges  -  117^;  oP  :  P  -• 
121°  30'.  The  terminal  planes  are  triangularly  striated  parallel  to  the  terminal 
edges.  Cleavage  basal,  imperfect  It  occurs  also  massive  and  disseminated.  Hardness 
la  2—3.  Specific  gravity  «  6*214.  Lustre  metallic.  Colour  iron-black ;  thin  tabular 
crystals,  however,  appear  cheny-red  by  transmitted  light  Streak  iron-black.  Opaque. 
Fracture  uneven. 

Analyses:  a.  from  Schemnitz;  b.  from  Freiberg  (H.  Kose,  Pogg.  ^Ann.  xv.  573) ; 
e.  from  Cornwall  (JaVs  MisceUaneous  Chemical  Researches,  Gottingen,  1853,  p.  21) ; 
d,  DurangO|  Hexico  (H.  B  o  s  e). 

S.  Sb.  Ai.  Ag.  Cu.  F«.            Zn. 

a,     16*83  0*25  6-23  72*43  3*04  0-33  0*59  «  99*70 

h,     16-35  8-39  117  69*99  4-11  0*29  .      .  -  lOO'dO 

c.  15-87  5-46  3-41  7201  3*36  0*34  .     .  «  100*45 

d.  17-04  5-09  3-74  64-29  9*93  0*06  .     .  »  100*15 

The  mineral  is  an  isomorphous  mixture  of  sulpfaor-ealts  (Ag:Cu)'(Sb:As>S'or 
(Ag«8 ;  Cu«S)\SWS" ;  As'S*),  in  which  v-o       /  v  r- 

Ag   I    Cu  Sb    :    Af 


in'a  and'd     ■»      9    :    1  in  a     »     I 

in<Tel0:l  in  5-9 

in-d    -4:1  ineand^-l 
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Stephanite  and  iron  pyrites  oocor  as  psendomorpha  after  polybuite.    (Da  n a,  ii  86.) 

VOIiTCBSaST-ML&T.  An  old  name  for  neutral  evlp^te  pf  potaaaium ;  also 
for  Bodio-potasaic  tartrate. 

WOVTOHMOTMtlTMm  A  silicate  fonnd  in  gneiss  ai  Krageroe,  Norway,  crystallised 
in  six-sided  prisms  of  aboat  120^  with  flat  innnnita ;  ako  maesiye  and  reniform. 
Hardness  «  3 — 3*5.  Lustre  greasy.  Colour  bine,  green,  brown,  and  red,  rarely 
white.  Aeoording  to  an  analysis  by  Da  hi  (Z«ofiA.  J^b.  1840;  p.  288),  it  oontains 
62  per  cent  silica,  37  alumina,  7  magnesia,  3  ferric  ozide^  tqgeuxer  with  lime  and 
water.    Scheerer  found  less  alumina  and  6  per  cent  water. 

j^yn,  with  8a.fba2Iik. 

I^yn.  with  Ansnuuir  (u  60). 

;0  or  FOIiTOSXOMATXO  ilCITTI.    Syn.  with  Alobtio  Acid 
(i  148). 

MMbVCnUMOL    See  KiOBniK  (p.  67). 

yoii  I  Jrrui  MmMMTO  AXi^JOBO&S.    See  Ethtlbn^  Hti>iuti8  or  (iL  676). 

VOXiTChAJUKP  AOIB  or  POIiTOAXar.    Syn.  with  Sbmxgxn. 

FO&TOAMABIW.  The  name  applied  by  Beinsch  ^Bnehn.  Repert  xvii«  289) 
to  a  dystalline-  bitter  substance  which  remains,  together  with  wax  and  chlorophyll^ 
when  me  aloohoKc  extract  of  Polygala  amara  is  treated  with  ether. 

Buckwheat  (i.  685). 


I 

I  »0&T«iiT0aBIO  A&OOSO&0.    See  Gltchbtl,  HTDAiLna  of  (ii.  894). 

I  ^0&THA&ZTS<    A  arratalline  mixture  or  compound  of  various  sulphates  repre- 

I  sented  by  the  formula  m40^.2H'0,  occurring  with  rock-salt  in  various  locabtiea 

r  (Ischl,  Aussee,  Hallstadt,  Berchteegraden,  Graiind,  Stassfurtb,  Vic  in  the  dept  of  the 

I  Meurthe,  &c.),  in  rhombic  prisms  of  116^.    The  composition  varies  considerably,  as 

\  shown  by  the  foUowinff  ani^ses:   a.  fhmi  Ischl  (Stromeyer,    Unttrsucknngcnj  i. 

I  144) ; — h.  firom  HaUsta£  (v.  Hauer,  Wien.  Akad.  Ber.  xi  385)  ; — e.  fromEbensee  (v. 
Hauer) ; — d.  ficom  the  rock-salt  of  Stassfnrth  (Reich ardt,  Jahresb.  1862,  p.  757). 


C«"SO«.     Mg"SO«.       K«SO«. 

N«C1.        Fe«0». 

H«o. 

a.    44-47        2008        27'70 

0-19         0-34 

5'95 

-     .98-95 

5.    56-41        1104        14-81 

12-16         .     . 

5-58 

-     100 

c.     61-18        13-53        1912 

0-28         0-41 

605 

-     100-52 

d.    43-44        20-56        2622 

0-58  Mg'CP 

7-47 

-       98-27 

See   LiLCTZC    Acid 

and 

lacnc    £-: 

(iii  461—464). 

A  variety  of  augite  from  Hoboken,  New  Jersey,  containing,  accord- 
ing to  Thomson  (OwUinu^  L  495),  40-04  silica,  9*42  alumina,  34*08  feixoua  oxids^ 
6*6  manganoua  oxide,  11*54  lime,  and  0-40  water. 

WO'MiWWKMBMMMm  Bodies  are  said  to  be  polymeric  when  .they  have  the  iHie 
iMvoentage  composition,  but  different  molecular  weights;  the  olefines  (>H*>  for  ex- 
ample (see  IsofiCBnisM,  iii.  415). 

PO&TMZOMira.  A  mineral  occurring  at  Fredriksvam,  Norway,  in  trimetrie 
crystals  sometime^  an  inch  long,  imbedded  in  felspar  and  zircon-syenite.  Axes 
a  :  5  :  c  *  1 :  1-0308  :  0-7252.  Angle  ooP :  odP  =  91-44';  oP  :  Poo  «  144®  8*. 
Observed  combination  oo^oo  .  oP  .  2^  .  4l*oo .  2Po9  .  Poo .  Cleavage  parallel  to 
a»$Qo  and  oP  in  traces.  The  crystals  are  usually  slender  and  longitudinally  striated. 
Hardness  «  6-5.  Specific  gravity  -■  4*77 — 4*85.  Lustre  submetallic.  Colour  black. 
Streak  -daik  brown.  Opaoue.  Fracture  ooncho'idal.  It  contains,  according  to 
Berielius  (KongL  Vetensk.  Akad.  ForhandL  1824,  ii  839),  46*30  per  cent,  titanic 
oxids,  14-14  sirconia,  12-20  ferric  oxide^  2*70  manganic  oxide,  6*00  eerie  oxides 
11-50  yttria,  and  4*20  lime.  The  difficulty  of  separating  the  titanic  oxida  and  sinnrfa 
renders  the  analysis  somewhat  nnoertain. 

•••mnHUnUSM*  A  body  is  said  to  be  polymorphous  when  it  erystallisea  in 
two  or  more  forms  not  derivable  one  from  the  other  (see  Dxxobphism;  ii.  831). 

'  y<WbTSnao»0  AOnMi.    SeeSzuCATis. 

yowramBimL  Brown  kad-ors  from  the  Sonnenwirbal  mine  near  Freiberg 
(p.  567). 

y#umnMWnraHk  Hydrocarbaoa  polymeric  with  oil  of  turpentine  (aeo 
Tbbebenb). 
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VOSiTTSIAn>    See  Tbt&ibedbitb. 

OVXO  ACXBM*    See  Sttlpkitb,  0zT0EW-Acn>8  of. 

An  old  name  of  native  platinum. 

OXiTZa    An  old  name  for  impure  sino^zide,  snblimed  in  the  wwwring  of 
sino-ores  and  in  the  melting  of  brass :  also  called  NikUum  album, 

VOWOAMIA.  The  seeds  of  Pumffomia  glabra  contain  27  per  cent  of  a  daik- 
yellow  tax  oil,  having  a  specific  gravity  of  0-945,  a  poisonous  odour  and  bitter  tute, 
and  solidifying  at  8*^.    (Lepine,  J.  Pharm.  [3]  zL  16.) 

A  variety  of  scoledte  from  Poonah  in  ffindostan. 

The  buds  of  Popultu  nigra  and  P.  pyramidalis  eontain   a 

colouring  matter  called  ehrysinic  acid,  associated  with  salian,  a  volatile  oii,  and  a 
resinous  substance.  To  extract  the  ehrysinic  acid,  the  alcoholic  extract  of  the  bods  la 
treated  with  basic  acetate  of  lead;  the  solution,  ireed  from  lead  by  sn^ydric 
acid  and  filtered,  is  evaporated  to  dryness ;  and  the  residue  is  treated  with  water  to 
remove  salicin,  then  freed  from  resin  by  redissolving  it  in  alcohol,  and  precipitating  a 
second  time  with  basic  acetate  of  lead.  The  liquid,  if  left  to  itself,  iifter  beins  freed  from 
lead,  deposits,  after  a  while,  a  white  powder  consisting  of  ehrysinic  add,  which  may  be 
purified  by  recrystallisation  from  alcohol. 

ehrysinic  acid,  C'H'O*,  crystallises  in  thin  fragile  laminie,  perfectly  white  if  pire- 
served  from  contact  with  ammoniacal  vapours.  It  is  anhydrous,  bears  a  heat  of  200^ 
without  decomposing,  and  sublimes  in  fine  needles  at  a  higher  temperature.  It  is 
nearly  insoluble  in  water,  soluble  in  boiling,  less  soluble  in  cold  alcohol,  soluble  in 
ether. 

ehrysinic  acid  dissolves  with  a  fine  yellow  colour  in  strong  sulphuric  acid  and  in 
alkalis ;  baryta  and  lime  also  colour  it  yellow,  but  do  not  dissolve  it  easily.  Kitrie 
acid  first  colours  it  yellow,  then  decomposes  it ;  acetic  acid  and  hydrochloric  add  have 
no  action  upon  iL  With  iron-salts  it  forms  a  dirty-green  precipitate ;  with  nentral 
lead-acetate,  no  precipitate ;  with  the  basic  acetate  a  slight  precipitate,  soluble  in 
acetic  acid.  The  alcoholic  solution  of  the  add  mixed  with  chloride  of  lime  becomes 
yellow  in  the  cold  and  red  when  heated. 

ChrtfginaU  of  potassium  ciystuUises  in  slender  noodles  ;  the  ammrmiumstdt  is  ob- 
tamed  by  evaporation  in  spherical  masses.  The  barium-salt^  C^H'^Ba^O*,  is  obtained 
by  adding  a  boiling  alcoholic  solution  of  ehrysinic  acid  to  an  excess  of  barytA-wat<^r ; 
and  is  deposited  on  cooling  as  a  yellow  powder.  (J.  Pi  ccar d,  J.  pr.  CheuL  xciii.  369; 
Bull  Soc.  Chim.  1865,  ii.  144.) 


The  black  poppy  {Papaver  somnifrrumy  var.  mgrum\  which  has  w»d 

flowers  and  black  seeds,  is  cultivated  chiefly  for  the  fat  oil  yielded  by  its  seeds ;  the 
white  poppy  (P.  somntferuniy  var.  albums  sometimes  regarded  as  a  distinct  species  and 
called  P.  officinale)^  having  white  flowers  and  seeds,  fur  the  production  of  opmm. 

The  seeds  of  the  white  poppy  {Pavjt  blanc^  var.  a  yeux  ouverts)  have  been  ft>und  by 
Saec  (Ann.  Ch.  Phys.  [3j  xxvii.  473)  to  contain  (exclusive  of  3-03  per  cent  hygro- 
scopic moisture)  45*1  per  cent  expressed  oil,  0*5  fat  oil  extracted  by  ether,  together 
with  colouring  and  odoriferous  matters,  3->3  volatile  substance,  23-3  pectous  substances, 
12-6  protein-compounds,  and  5*9  woody  fibre. 

The  elementarv  composition  of  the  seed,  oil-cake,  and  oil,  ot  the  T^ite  poppy  filtered 
without  access  of  air,  were  found  to  be  as  follows :  { 


Carbon        .... 
Hydrogen    .... 
Nitrogen      .... 
Oargen  and  loss  . 
Ash 

Sood. 

OH-cdce. 

Oil-cake  after 

•xbauktion  with 

ether. 

OIL 

62-23 
9-20 
8-59 

17-97 
7-00 

47-74 

6-76 

5-97 

28-94 

10-69 

42-27 

6-04 

7-04 

80-85 

13-20 

76-63 
11-68 

11-74 

The  ash  of  the  seed  contained  082  K«0, 447  Na»0,  2808  Ca'0, 4-33  Mg^O,  1-99  SO», 
4-84  SiO«,  17-66  C0»,  37-81  P«0\ 

Wildenstein  (J.  pr.  Chem.  liv.  200)  has  examined  the  ash  of  the  seed  and  herb 
(«'.  e,  stalks  leaves,  and  cleansed  roots)  of  the  black  poppy,  grown  on  the  weathered 
Taunus  slate  near  Wiesbaden.  The  dried  seed  yielded  6*12,  the  dried  herb  7-86  per 
cent,  ash,  containing — 
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K«0. 

CaO. 

MgO. 

MnSOS.   SOa. 

SeOs. 

p«o». 

.Fe'PO*.  KCl. 

NaCl.' 

Seed 

910 

35-86 

19-49 

trace     1*92 

3-24 

30-98 

0-8i     716 

1-94  -    99-99 

Herb 

86-37 

30-24 

6-47 

trace    6-09 

11-40 

1-28 

4-14    2-50 

2-61  »  100-00 

The  air-dried  seeds  treated  with  nitric  acid  and  chlorate  of  potassium  gave  0*0828,  and 
the  air-dried  herb,  0*0694  per  cent,  sulphur. 

-  FOVVT-OZXi.  Huile  d'oniUtte^  HuUe  de  Pavot. — A  fat  drying  oil  obtained  W 
expression  from  the  seeds  of  the  black  poppy  (Papaver  smnniferum,  var.  nigrum).  It 
resembles  olive-oil  in  aspect  and  odour,  and  is  quite  free  from  the  narcotic  properties 
of  opium.  Specific  gravity  »  0-9249  at  —16°.  It  solidifies  at  -18^  and  remains  solid 
for  a  long  time  after  the  temperature  has  risen  to  ~  2°.  It  dissolves  in  26  pts.  of  cold 
and  6  pts.  of  boiling  alcohol,  and  mixes  in  all  proportions  with  ether.  Contains, 
according  to  Lefort,  77*20  per  cent,  carbon,  11*31  hydrogen,  and  11*49  oxygen;  see 
also  Sacc's  analysis  of  the  oil  from  white  poppy  seeds  (p.  688). 

Poppy-oil  yields  substitution-products  with  chlorine  and  bromine.    The  chlorinaUd 
oil  has  a  somewhat  deeper  yellow  colour  than  the  original  oil,  about  the  same  con** 
sistence  as  castor  oil  and  a  specific  gravity  of  1*070  at  3°.    It  contains  from  20*3  to 
[  20*4  per  cent,  chlorine.    The  hrominatcd  oil  containing  36*6  to  36*7  per  cent  bromine, 

has  a  slight  yellowish  tinge,  and  the  same  consistence  as  the  preceding :  specific  gravity" 

-  1-279  at  2<=>, 
Poppy-oil  is  used  as  an  article  of  diet  in  the  south  of  Germany  and  the  north  of 

France.  It  is  employed  iu  painting  to  mix  with  light  colours,  for  which  purpose  it  is 
first  bleached  by  exposure  to  the  sun  in  shallow  vessels  containing  salt  water.  (£or 
further  details,  see  Gmdin'a  Handbook,  xvL  312.) 

VOPinLZir,  C»»H««0«,  or  5ewxroy«sfl/««n,  C"H»»((rHK))0'.— This  substance,  dis-. 
I  covered  in  1831  by  Braconnot  (Ann.  Ch.  Phys.  [2]    ^iv.  296),  and  investigated 

chiefiy  by  Piria  (Ann.  Ch.  Phys.  [3]  xxxiv.  278 ;  xliv.  366),  exists  in  the  bark,  leaves 
and  root  of  the  aspen  (Poptdus  trenttUa), 

Preparation, — 1.  The  aqueous  decoction  of  the  bark  is  precipitated  with  basic  acetate 
of  leaa ;  the  filtrate  is  freed  from  lead  by  sulphuric  acid,  then  concentrated  and  boiled 
with  animal  charcoal;  and  the  salidn,  which  likewise  exists  in  the  bark,  is  left  to 
crystallise  out.  The  mother^liqiior  yields  with  carbonate  of  potassium,  a  white  precipi« 
tate  of  populin  which  must  be  recrystallised  from  boiling  water  (Braconnot). 
Herberger  (Bnchn.  Bepert.  Iv.  204),  after  predpitatine  with  basic  acetate  of  leaa» 
removed  Sie  lead  by  passing  carbonic  acid  into  the  liquid,  and  evaporated  the  filtrate 
to  a  svrup,  from  which  the  popuh'n  crystallised.  From  the  decoction  of  the  root-bark, 
populm  crystallises  after  concentration  (even  without  precipitation  by  basic  acetate  of 
wad)  (Van  de  Ghein). — 2.  The  leaves  of  the  aspen  are  boiled  wiu  water;  the  de- 
coction is  precipitated  hot  with  basic  acetate  of  lead  ;  the  populin  carried  down  witl\ 
the  precipitate  is  dissolved  out  by  boiling  water;  and  the  filtrate  is  evaporated  to  a 
syrup.  The  crystalline  mass  which  separates  is  pressed  between  linen,  heated  to 
boiling  with  60  pts.  water  and  a  little  animal  charcoal,  and  filtered  at  the  boiling  heat; 
the  populin  crystallises  on  cooling.    (Braconnot.) 

1Vp«-/»«.— Crystallised  populin,  C-*II«C)«.2H«0,  forms  white,  silky,  very  light 
needles,  which  g^ve  off  part  of  their  water  between  36^  and  40^,  and  the  rest  (8*4^ 
per  cent,  in  all)  at  a  temperature  short  of  100°.  Anhydrous  populin  melts  at  180°  to 
a  colourless  liquid  which  solidifies  to  a  vitreous  mass  on  cooling.  Populin  has  a  sweet 
taste.  It  turns  the  plane  of  polarisation  to  the  left,  to  an  extent  proportional  to  the 
quantity  of  salidn  produced  by  its  decomposition  {infra),  (Biot  and  Pasteur, 
Compt.  rend,  xxxir.  607.) 

.  Ci^stallised  populin  dissolves  in  about  2000  pts.  of  cold  water  (Braconnot),  in 
1896  pts.  at  9®  (Piria)  and  in  70  pts.  boiling  water  (Braconnot).  The  cold  solu<« 
tion  deposits  populin  on  being  saturated  with  common  salt ;  the  solution  satuiiated  at 
the  boiling  heat  deposits  it  on  cooling.  It  dissolves  at  14° — 16°,  in  100  pts.  absolute 
alcohol  (Biot  and  Pasteur);  in  l^iling  alcohol  more  abundantly  than  in  boiling 
water,  scarcely  at  all  in  ether. 

Populin  dissolves  easily  and  without  decomposition  in  cold  acids^  not  too  concentrated, 
and  is  precipitated  partially  by  water,  completely  by  a Ikalis  (Braconnot,  Koninck). 
Aocorcung  to  Koninck,  it  dissolves  also  m  aqueous  alkalis^  and  is  predpitated  by  adds.- 

AqueouB  populin  does  not  precipitate  any  metric  salt  (Braconnot).    It  crystal«i 
lises  unaltered  from  solution  in  aqueous  metallic  salts,  but  mav  be  made  to  com- 
bine with  oxide   of  lead,  forming  a  white  substance  nearly  insolnlle  in  water« 
(Koninck.) 

Populin  dissolves  easily  in  cold  concentrated  acetic  acid,  and  is  predpitated  there-' 
from  partially  by  water,  completely  by  alkalis.    (Braconnot.) 

Decompositions, — 1.  Fused  populin  heated  to  180°  gives  off  pungent  vapours  whic!^ 
condense  in  needles;  at  220°  it  turns  brown,  but  is  obtained  unaltered  after  solution  in 
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aqneovs  aleohol  (Piria).  When  tubjectod  to  dry  distOktion,  it  8wiel]i  i^  aad 
empyreunatie  ou,  from  which  benioic  add  aystalliaeB  on  cooling  (Br  a  eon  not). — 
2.  It  bum$  with  flame  and  an  empjrenmatic  lesinonB  odonr  (BraeoiinotX— - 
8.  Heated  with  anlphnric  add  and  acid  ehramate  ofpotassiuMj  itgi?e8  off  huge  quan- 
tities of  sali<7lons  add  (Piria). — 4.  By  solution  in  niirie  acid  of  spedfie  giavi^  1*30 
it  is  conTerted  into  benso-heliein,  whidi  crystallises  after  standing  for  some  time. 
The  solution  at  the  same  time  is  coloured  yellow  by  nitric  peroxide  (Piria) : 

0»H»0«    +    O     -    C"H»^)«  +  H«0. 

Weak  nitric  add  acts  upon  popnlin  only  at  the  boiling  heat,  salicyloDS  add  being 
given  off  from  the  add  solution ;  ordinary  nitric  acid  acts  violently,  prododngyellowi^ 
eiystals,  probably  consistinff  of  picric,  nitrobenzoic  and  oxalic  adds  (Piria). — 6.  With 
strong  sulphuric  acid  populin  forms  a  deep  red  solution  whence  water  throws  down  a 
red  powder  (Braconnot^s  rutilin),  which,  after  the  sulphuric  add  has  been  removed, 
diss(HTes  in  water  with  red  colour,  and  is  repredpitated  hj  adds  (Br aeon  not).  Hot 
oil  of  Titriol  carbonises  populin.  (Koninek.) 
By  boiling  with  dilute  acids,  populin  is  molved  into  saligenin,  bennoie  add  and 

glucose: 

C»HW«  +  2H«0    -     CH«0«  +  CHH)*  +  0«H»«0«; 
PopoliD.  SallganlD.        Beoiote  GIooom. 

add. 

•ad  the  — ligamn  IS  conTerted  by  the  farther  action  of  the  add  into  saliredn,  C'*H'*0' 
»  2G'H"0*  —  2H*0.  Conoentxated  juAospAoric  add  forms  saliretin  even  in  the  ooUL 
(Braoonnot) 

0.  Populin  heated  to  100^  in  a  sealed  tube  with  alcoholic  ammonia,  yields  salidn, 
benzamide  and  bensoic  ether.  Gaseous  ammonia  does  not  act  on  populin  at  150^ 
(Piria). — 7.  Heated  with  potassium^kjfdraU,  it  yields  oxalate  of  potasnum  (Br aeon- 
no  t). — 8.  Populin  boiled  with  hydrate  of  calcium  or  harintm  yields  a  benaoate  and 
eiUicin: 

C»H«0«  +  H*0    -     CrH«0«  +  C"H'»0\ 
FDpttllo.  Beniole  Salkiii. 


100  pts.  ezystallised  populin  yield  28*9  pts.  bensoic  aeid,  the  ealeulated  quantity  being 
28'64  pts.  (Piria). — 9.  By  prolonged  TOiling  with  water,  putrid  cacein,  and  carbonate 
of  calcium,  it  is  decomposed  with  formation  ox  saligenin,  lactate  of  caldum  and  benaoate 
of  caldum.    (Piria.) 

Populin  is  not  altered  by  chlorine  or  iodine,  or  by  boiling  intii'phoephorua  aad  water 
(Braconnot),  or  by  emulein  (Piria). 

POBCnPbAZV.  The  finest  kind  of  earthenware,  made  of  the  purest  and  whiteet 
day  or  kaolin  (see  Cult,  i.  1024),  and  agglutinated  by  the  addition  of  some  compoond 
sudi  as  powdeind  felspar,  which  softens  and  ftwes  at  the  temperature  at  which  the 


is  fired,  whereby  the  mass  is  rendered  semi-trsasparent)  in  me  same  manner  as  paper 
that  has  imbibed  melted  wax  remains  translucent  after  the  latter  has  become  fbced. 
The  fracture  of  porcelain  is  yitreous  and  not  earthy,  and  the  broken  sorfoee  does  not 
adhere  to  the  tongue  like  that  of  common  earthenware ;  it  also  possesses  much  greater 
B<didity  and  strength,  and  power  of  resisting  sudden  changes  of  temperatme. 

»0»OSbAnr-0&AT.    See  Clay  (i.  1024). 

yOSOa&AZM»  wmA^mKUWU.    See  Glass  (ii  844). 
.   WQWUaUtAXMmm^AMm    Syn.  with  ScAPOLin. 

VOUSUTB.    The  native  alloy  of  gold  and  palladium  (p.  826.) 

FOBPSniO  AOXB.  C"H*N*0»  -  C'«H*(NO«)K)«?  (Erdmann,  J.  pc 
Ghem.  xxxviL  403. — Gm.  xvii.  183.)— An  add  produced  by  the  action  of  nitrie  add 
on  euxanthone  (ii.  610) ;  so  called  from  its  property  of  producing  a  blood-red  colour 
with  carbonate  of  ammonium.  A  solution  of  euxanthone  in  cold  nitric  add  of  ^ectfie 
gravity  1*81,  becomes  warm  on  standing,  evolves  red  vapours,  and  on  cooling  deposits 
porph^c  add,  which  may  be  purified  by  solution  in  carbonate  of  ammonium  and 
precipitation  with  hydrochloric  add.  It  is  then  obtuined  as  a  yellow,  crystalline 
powaer,  or  in  veiv  small  reddish^dlow  crystals  becoming  electric  when  rubbed. 

According  to  the  mean  of  Erdmann's  analyses,  it  contains  43*63  per  cent  carbon, 
l'46hydroffen,  11*82  nitrogen.  The  above  formula,  proposed  by  Gerluirdt,  whidi  repre- 
sents it  SB  dinitro-euxanthone,  reouires  46*45  C,  1*51  H,  10*62  N,  and  42-42  O. 

Porphyric  add  is  slifhtly  soluble,  with  red  colour,  in  pure  water,  insoluble  in  addn* 
lated  water,  very  slighUy  soluble  in  cold,  more  soluble  in  boiline  alcohol. 

When  boiled  with  nitric  acid  it  yields  oxypicric  and  oxalic  acids. 

The  porphy rates  explode  when  heated.  The  add  dissolves  in  carbonate  o(  am- 
monium formine  a  blood-red  neutral  ammonium-ealt,  C**B*Q^*)0^O^K^,  sparingly 
•oluble  with  yeUowish  colour  in  water.  At  IZ(P  it  gives  off  water  and  ammonia,  leavu^ 
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a  l68B  iolable  acid  salt,  which  cryataUiMfl  in  pale  rod  feathery  dystals.  The  Bolation  of 
this  Bait  foms  with  chloride  of  barium,  chloride  of  calcium,  neutral  acetate  of  lead,  and 
nitrate  of  silyer,  red,  and  for  the  moot  part  crystalline  precipitates  which  dissolve  in  a 
large  quantity  of  water.  The  acid  anunoninm*salt  throws  down  from  nitrate  of  silver 
pale  orange-coloured  crystalline  scales.  From  cupric  sulphate  the  neutral  ammonium- 
salt  precipitates  black-red  flocks  which  become  granular  on  standing  or  more  quickly 
when  heated. 

•  _  

OjjporpliyHo  m»UL  This  name  is  given  by  Erdmann  to  an  acid  obtained, 
together  with  oxvpicric  add,  by  the  action  of  boiling  nitric  add  on  euzanthone.  It 
forms  yellow  microscopic  crystals,  and  differs  from  porphyric  acid  in  forming  with 
ammoma  a  salt  which  is  more  soluble  in  carbonate  of  ammonium  than  the  porphyrate, 
and  does  not  change  colour  from  dark  red  to  pale  red  when  heated.  The  add  gives  by 
analysis  (mean)  42*76  per  cent  carbon,  1*38  hydrogen,  11*95  nitrogen  and  43*91 
oxygen,  a  composition  differing  but  little  from  that  of  porphyric  add:  hence  Laurent 
(Compt  chim.  1849,  p.  384)  regarded  the  two  as  probably  identioJ. 

VOBWnurva*  The  name  given  by  Streng  to  the  melaphyr-porphyry  (iii  867) 
of  the  southern  range  of  the  Harts.  (For  analyses  see  Jahresbericht,  1868,  p.  769 ; 
1861,  p.  1057). 

VOBVHYBOZIV*  A  neutral  substance  said  by  Merck  to  exist  in  some  kinds 
of  opium  (p.  208).  The  same  body  is  said  by  G.  Gibb  (Fharm.  J.  Trans.  [2]  i.  454) 
to  exist  in  Sangtdnaria  Canadensis  (see  Sanquimajua.). 


r«    A  rock  consisting  of  a  more  or  less  compact  felspathic  base  with 
t  crystals  of  felspar  (often  orthoclase  or  oligoclase)  and  other  minerals  imbedded  in  it 

t  It  may  be  green  with  blotches  of  pale  green  or  white,  or  red  with  wlute  blotches 

I  or  specks,  li^sides  other  shades  of  colour ;  the  blotches  of  a  polished  snx^ice  are  the 

I  felspar  crystals.    The  name  is  derived  from  wop^^pa,  purple,  on  account  of  the  brownish 

or  bluish-red  colour  of  certain  varieties  used  by  the  andents  for  statuary.  The  several 
varieties  of  porphyry  are  named  according  to  the  nature  of  the  crystals  which  occur 
most  abundsntly  m  them  e.y.  felspar-porphyry,  quartz-porphyry  &c. 
Eurite-porphyry  has  a  base  composed  of  felspar  or  a  fine-grained  mixture  of 
felspar  and  quartz,  endosing  crystals  of  various  minerals.  Augitic  porphyry  has 
a  basaltic  base  endodns  crystals  of  augite.  Granitic,  syenitic,  greenstone, 
trachyte  porphyry,  &c.,  consist  of  a  granulo-crystalline  base,  intermixed  with  the 
constituents  of  granite,  syenite,  &C.,  and  larger  oystals  of  felspar. 

V0WOSSB-OZ&.  MeerscAweinthran, — Obtained  by  heating  the  belly-blubber 
of  the  porpoise  {Jklpkinus  Pkoeana)  with  water.  It  has  a  density  of  0*937  at  16^,  and 
in  the  fnsb.  state,  a  pale  yellow  colour,  an  odour  of  sardines,  and  does  not  redden 
litmus ;  but  on  exposure  to  air  and  light,  it  loses  its  odour,  beeomes  first  darker,  then 
neariy  colourless  and  acquires  an  add  reaction,  from  liberation  of  valerianic  sdd.  It 
consists  of  olein,  maigarin  [palmitin],  and  valerin.  With  3  pts.  of  boiling  alcohol  of 
specific  gravity  0*821,  it  forms  a  solution  which  becomes  turbid  as  soon  as  it  is  removed 
from  the  fire :  with  1  pt  of  alcohol  a  more  staUe  solution  is  formed,  cspable  of  taking 
up  any  frurther  quantity  ot  the  oil.  (Chevreul,  Sscksrehes,  p.  287 ;  Bertheloti  Ann. 
Gh.  Phys.  [3]  xli.  263.) 


WOiMWOMSMOm  An  Italian  glass  resembling  hematinone  (iii.  3)  in  appearance, 
but,  according  to  Pettenkofer,  different  from  it  in  composition. 

See  Bun  (i.  629,  533). 

White  ndiate  masses  firom  the  gabbro  of  Tuscany,  desving  parallel 
to  the  sides  of  a  prism  of  120^.  Specific  gravity  »  2*4^  Swells  up  before  the  blow* 
pipe,  and  fuses  to  a  white  enaaieL  Gelatinises  with  adds  in  the  cold.  Contains, 
according  to  Bechi  (SiR  Am.  J.  [2]  xir.  63),  5812  per  cent  silica,  1I7'5  alumina, 
4*87  magnesia,  1*76  lime,  0*16  soda,  0*10  potash,  7*92  inUer,  and  appears  tolucva  been 
ibrmed  by  the  decompodtion  of  a  zeolite. 

VOSTlkavs  CMMMMTm  A  cement  so  called  because  it  has  the  colour  of  Portland 
stone.  It  is  made  by  mixing  the  argiUaeeous  sand  of  the  Thames  with  chalk.  (See 
Ur^s  Dictionary  of  Arts,  ^.  iii  471.) 

»amv&AV»  0«Mrm.  An  oolitic  limestone  immediately  underlying  the  Porbaek 
strata ;  so  called  from  its  devdopament  in  the  island  of  Portland. 

FOmTUOiAUbO-OI&i    Essential  oil  of  orange-ped.    (See  Citbvs,  i  1002.) 

VOVAMCOOBVOV.  The  composition  of  the  fennel-leaved  pond-weed  (P&tamoastcn 
9eetinatus)  has  been  detflsmined  \^  Herv^  Margon  (Jahresb.  1861,  p.  786),  with  the 
SDllowing  xeaiilti: 

YT  2 
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Combuitlble  mattor  Photpbotk   Other  mincnl 

without  Nitrogen.     Nitrogen.  Silka.  Lfane.  anhjdrUe.      constittMots. 

a.  618  26  60  121  10  16-6 

b.  69-6  1-9  141  0-8  .  .  137 

Oloez  (Gompt  rend.  Ivii.  364 ;  Jahresb.  1863,  p.  699)  findB  that,  the  gas  efolTed  from 
Potamoaeton  perfdiatum  under  the  influence  of  sunshine  and  in  water  oootiniiaUj 
renewea,  consists  wholly  of  oxygen  and  nitrogen  without  any  trace  of  combustible  gaa^ 
the  tomposition  varying  from  46*08  per  cent  oxygen  in  the  first  to  88*6  per  cent,  on 
the  twentieth  dav.  The  same  plant  growing  in  onSnaiy  aerated  water  slightly  charged 
with  carbonic  aod,  but  not  renewed,  gave  out  gas  also  consisting  whoUy  of  oxygen  and 
nitrogen,  and  containing  70-10  per  cent  oxygen  on  the  first,  87*62  on  the  third  and 
90*87  per  cent  on  the  filth  day. 

WWeSMMm  This  term  is  applied  sometimes  to  the  hydrate,  sometimes  to  the 
anhydrous  oxide  of  potassium,  occasionally  also  to  the  crude  carbonate ;  it  is  best  hov- 
erer  to  restrict  it  to  the  hydrate,  either  in  the  solid  state  or  in  aqueous  solution. 

yOTJUmsS*  Crude  carbonate  of  potassium,  obtained  by  lixiviating  the  ashes  of 
land-plants  and  boiling  down  the  aolution  in  iron  pots. 

FOTJUm-lUMaL  A  mixture  of  hydrate  of  potassium  and  quicklime,  prepared  by 
evaporating  a  mixture  of  caustic  potash-ley  and  lime  in  an  iron  pot,  calcining  the 
refiidue  in  a  crucible,  and  rubbing  it  to  fine  powder  in  a  warm  mortar.  It  acts  on 
organic  bodies  at  high  temperatures  in  the  same  manner  as  pure  hydrate  of  potaasimn, 
but  is  more  convenient,  because  it  is  less  fusible  and  does  not  act  so  strongly  on  glass 
vessels.    It  is  however  not  so  much  used  as  the  analogous  mixture  of  lime  and  soda. 

POT  ABB  or  VOTABBA.    Hydrate  of  potassium  (p.  700). 


VOTABBIVM*  Symbol  K.  Atomic  Weight  39*1. — ^This  element  is  veiy  widely  dif- 
fused in  naturo.  In  the  mineral  kinsdom  it  occurs  as  silicate,  together  with  earthy 
silicates,  in  felspar,  mica,  &c ;  as  sulphate,  combined  with  sulphate  of  aluminium.  In 
alum  stone;  as  chloride,  bromide  and  iodide  in  sea-water  and  salt-deposits;  and  as 
nitrate  in  various  soils  in  tropical  countries.  Potassium-salts  enter  also  into  the  bodies 
of  plants  and  animals,  being  taken  np  by  plants  from  the  soil,  entering  into  almost 
every  part  of  the  vegetable  structure,  and  bemg  thence  transferred  to  the  animal  body, 
where  they  are  found  as  essential  constituents  of  many  oi^gans  and  fluids,  flesh  and 
mUk  for  example. 

The  vegetable  kingdom  is  the  chief  source  from  which  potasrium-oompounds  ax« 
prepared.  The  potassium  in  plsnts  exists  in  combination,  partly  with  inorganic;  partly 
withorganie  acids,  tartaric,  oxalic,  citric,  malic,  &c. ;  and  when  a  pUmt  is  bumt^ 
the  inorganic  potassium-salts  contained  in  it,  the  sulphale,  chloride,  &e.,  remain  in  the 
ash  as  such,  whilst  the  organic  salts  aro  converted  into  carbonate,  and  fjN>m  this  the 
other  salts  of  potassium,  as  well  as  the  hydrate,  or  caustic  potash,  may  be  prepared. 
Potassinm-salts  are  likewise  obtained  from  the  ashes  of  manne  plants,  nom  se^water 
and  brine-springs,  ftom  febipBr  and  other  potassic  minerals,  and  from  the  waahinga 
of  sheep's  wooL    (See  FoTASsnTH-SAXTs,  MAiivrAonna  of. 

PreparaUon  of  the  MetaL — ^Potassium  was  first  isolated  by  Davy  (in  1807),  who 
obtained  it  by  the  electrolysis  of  the  hydrate.  When  a  piece  of  this  substance,  slightly 
moistened  by  exposure  to  the  air,  to  give  it  sufficient  conducting  power,  is  placed  on  a 
platinum-capsule  connected  with  the  negative  pole  of  a  powerfm  voltaic  battery  (Davy- 
used  from  100  to  200  pairs  of  Wollaston's  construction,  six  inches  square),  and  touched 
by  a  platinum  wire  proceeding  firom  the  positive  pole,  it  liquefies  and  is  decomposed, 
globules  of  potassium  appearing  on  the  capsule  and  taking  fire,  unless  Uiej  are  quickly 
removed  ana  immersed  in  rock-oiL 

An  easier  method  of  obtaining  potassinmby  electrolysis  is  that  given  by  Matthiea- 
sen  ^Chem.  Soc  On.  J.  viii.  30).  A  mixturo  of  1  at  chloride  of  potassium  and  1  at. 
chloride  of  calinum  (which  mixturo  is  used  because  it  melts  at  a  much  lower  teii^>era« 
turo  than  chloride  of  potassium  alone)is  melted  in  a  small  porcelain  crucible  over  a 
lamp,  and  subjected  to  the  action  of  a  Bunsen*s  battery  of  six  elements  with  carbon 
poles,  the  heat  being  so  regulated  that  a  solid  crust  forms  round  the  negative  carbon 
pole,  whfle  the  mixturo  romains  fused  and  allows  the  free  evolution  of  chlorine  at  the 
positive  pole.  When  the  decomposition  has  been  continued  in  this  manner  for  about 
twenty  minutes,  and  the  cooled  crucible  is  opened  under  rock-oil,  a  large  quantity  of 
potassium,  almost  chemically  pure,  is  generally  obtained.  If  the  same  experiment  be 
ropeated  at  a  white  heat  over  a  charcoal  firo  with  an  iron  wiro  bm  negative  pole,  small 
globules  of  potassium  aro  seen  burning  on  the  sur&oe;  and  these  aro  found  to  be 
almost  pure.    (Matthiessen.) 

For  proparing  potassium  in  large  quantities  however,  it  is  necessary  to  resort  to  other 
methods.  Gay-Lussac  and  Th^nud,  soon  after  Davy*s  discovery  ctf  the  metai^  showed 
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that  it  might  be  obtnin^  !a  gnatet  ■bnndonce  bj  deeompodng  hTdiate  of  potauiuin 
vith  taetallic  iron  at  a  while  heat.  Iron  tnmiiiga  vera  heated  to  whilenrsa  iu  a 
ciiTTed  gan-bairel  corervd  irith  a  clav  late,  and  melted  hydrate  of  potaaaium  was 
alloired  to  paia  ahnrlj  over  the  ignited  iroD.  Deoiinposition  then  enaaed,  th«  iron 
taking  up  the  oxygen  of  the  hydrate,  while  the  potaednm  and  hydrogen  vers  s«t  free. 
the  potaasiuni  paseiug  over  in  the  state  of  Taponi  and  being  condensed  in  a  cooled 
copper  receiver. 

A  still  more  prodnctire  method  consiBtain  decompoiing  carbonate  of  potasaiuni  irith 
charcoal  at  a  high  temperatnre.  This  method,  first  lui^ested  by  Curaadan  (Ann. 
Chim.  Ixvi.  97),  waa  bnnight  into  an  available  form  by  BrnnneF  (BibL  Unir.  ixii. 
3B),  and  baa  been  still  further  imprOTed  by  Hareaca  and  Donni  (Ann.  Ch.  Phys. 
[3]  mT.  147)-  An  intimate  mixture  of  chaimal  and  carbonate  of  potosainin  is  pre- 
pared by  igniting  about  6  Iba.  of  crude  tartar  (acid  tartrate  of  potassium)  in  a  covered 
iron  cmcible  till  it  ceaaes  to  emit  rapouTB.  The  porous  mixture  thus  obtained  is 
rapidly  cooled  by  the  application  of  cold  water  to  the  outside  of  the  cmeible,  and  the 
charred  moss,  broken  into  Inmpa  about  Ibe  size  of  a  hazel-nut.  is  quickly  inlroduced 
._. i.r_._  ,._^,./ „ ,.i_t_..,._.__i.  t cated): 

-  r  -■  ■.  ally  on 

sapporta  of  fliv-brick,  /,  /.     A.  Trought-iron  tube  a,  four  inches  ioog,  serrea  to  couToy 


into  a  wronght'iion  bottle  (geoenilly  ooe  of  the  bottles  in  which  mercun'  is  evaporated] 
The  bottle  la  then  inUoduced  into  a  furnace  a  {fig.  739),  and  placed  horizontally  oi 
sapporta  of  fli«-brick,  /,  /.     A  Wrought-iron  tube  i,  four  inches  ioog,  eerrea  to  conTo; 

Fig.  740. 


^ 


the  vapours  of  potasainm  into  a  receiver  e,  formed  of  two  pieces  of  wrought  iron,  a,  b 
(Jig.  740),  which  are  fitted  closely  to  each  other  so  as  to  fonn  a  shnllaw  box  only  a 
qoartar  of  an  inch  deep,  and  are  kept  together  by  clamp-scrows.  The  iron  pUta  ehonld 
be  Ith  of  an  inch  thick,  IS  inches  long,  and  9  inchi^  wide.  The  receiver  is  open  at 
both  ends,  the  socket  fitting  upon  the  neck  of  the  iron  bottle.  The  object  of  giving  the 
receiver  tbia  flattened  fbrm  is  to  ensure  the  rapid  cooling  of  the  potassium,  and  thus 
to  withdraw  it  bom  the  action  of  the  carbonic  oxide^  which  is  disengaged  during  the 
entire  proceB,  and  has  a  strong  tendency  U>  unite  with  the  potaMiam,  formmg  a 
dangeronsly  explosire  compoond.*  Before  connecting  the  receiver  with  the  tube  d,  the 
fire  is  slowly  raised  till  the  iron  bottle  attains  a  dull  red  beat.  Powdered  vitrefied 
bonx  ia  then  sprinkled  upon  it,  which  melts  and  forma  a  coating,  serving  to  protect  the 
iron  from  oxid^on.  Tbe  heat  is  then  to  be  urged  until  it  is  ve^  intense,  care  being 
taken  to  raise  it  as  equally  as  possibie  throughout  evprj  part  of  the  fiimace.  When  a 
full  reddish-white  heat  is  attained,  vapours  of  potassium  begin  to  appear  and  bum  with 
a  bright  flame.  Tbe  receiver  is  tben  a^usted  to  the  end  of  the  tube,  which  must  not 
project  more  than  a  quarter  of  an  ioch  through  tbe  iron  plate  forming  the  front  wall  of 
the  furnace ;  otherwise  the  tube  is  liable  to  be  obstnieted  Inr  the  accnmolation  of  solid 
potaasiom,  or  of  the  eiploeivo  compound  above  mentioned.  Should  any  obatmction 
occur,  it  must  be  removi^  by  thrusting  in  an  iron  bar,  and  if  this  fail,  the  fln  must  be 
immediately  withdravn  by  removing  the  bars  from  the  ftimaOf^  with  the  exception  of 
two  which  support  the  iron  boole.  The  receiver  is  kept  cool  by  the  application  of  a 
wet  cloth  to  its  outside.  When  the  operation  is  complete,  the  receiver  with  the  potas- 
sium is  removed  and  immediately  plnnged  into  a  vessel  of  rectified  Persian  naphtha 
provided  with  a  covar,  and  kept  cool  by  immeraion  in  water.  When  the  appoiatus  is 
anffleiently  cooled,  Uis  potauinm  is  detached  and  preaerred  under  naphtha. 
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To  obtftiB  the  maxinram  prodnee  of  potaasiiim,  it  is  neeessarj  that  the  niztim  of 
potaBoie  mbonate  and  cbBMoal  shcmld  oontain  1  at.  of  the  eaibooate  to  2  at  cuboB, 
sneh  a  nizftnre  when  heated  being  wholly  couTerted  into  potaasLiun  and  caibonic 
oxide: 

K«CO«  +  C»     -    K«  +  8C0. 

To  aaoertain  whether  this  is  the  ease,  the  burnt  tartar  must  be  analjsed,  and  any  de> 
yiation  from  the  required  proportions  mast  be  rectified  by  mixing  samples  of  tartar  of 
different  qnalities.  But  even  when  the  right  proportions  are  attained,  the  qoaotitj 
of  crude  potassium  obtained  does  not  exceed  one-fourth  of  the  weight  of  the  chaige^ 
whereas  if  the  process  ootdd  be  carried  on  without  loss,  the  yield  should  be  about  one- 
half,  as  162  pts.  of  the  mixture  of  carbonate  and  charcoal  contain  78  pts.of  potaarivsL 
Kuhnemann  (Jahresb.  1864,  p.  180)  recommends  the  addition  (tf  cnalk  to  the  burnt 
tartar,  in  such  proportion  that  the  mixture  may  contain  100  pts.  potassic  carbonate  to 
20 jpts,  carbon  and  13*6  to  14  pts.  calcic  carbonate. 

The  potassium  obtained  by  this  process  is  not  pure,  but  always  contaminated  with 
eompounds  containing  carbon  and  oxygen.  To  remove  these,  it  must  be  distilled  a 
second  time  in  an  iron  retort,  and  this  precaution  is  essential,  as  if  the  crude  potassiom 
is  exposed  to  the  air,  and  even  if  it  is  preserved  under  naphtha,  a  black  detonating 
compound  is  quickly  formed,  which  explodes  violently  on  the  slightest  friction.  The 
purified  metal  amounts  to  about  two-thirds  of  the  quantity  crpeeated  on.  A  third  dis- 
tillation may  be  necessary  if  the  potassium  is  required  to  be  perfectly  pure.  A  little 
impure  potassium  always  remains  in  the  tube  attached  to  the  retort ;  and  to  prevent 
the  possibility  of  its  forming  the  detonating  compound  above  mentioned,  the  tube 
should  be  detached  as  wM>n  as  it  is  cold  and  immersed  in  water. 

Properties. — ^Potassium  is  a  bluish-white  metal  of  specific  gravity  0*865,  being  the 
lightest  of  aU  the  metals  except  lithium,  and  capable  of  floating  easily  on  water.  At 
0-*  it  is  brittle  and  has  a  ciystiuline  fracture ;  it  becomes  malleable  at  a  slightly  higher 
temperature,  soft  at  16^,  pasty  at  a  few  degrees  higher,  and  completely  fluid  at  62-5^. 
In  the  soft  state  it  may  be  cut  with  a  knife,  and  two  dean  surikoes  of  the  metal  may 
be  welded  together  like  white-hot  iron.  At  a  red  heat  it  may  be  distilled,  yielding  a 
beautiful  green  vapour.  When  freshly  cut  it  possesses  considerable  lustre,  but  instantly 
tarnishes  from  oxidation  when  exposed  to  the  air ;  indeed  it  is  so  greedy  of  oxygen  that 
it  can  only  be  preserved  in  the  metallic  state  by  immersing  it  in  mineral  naphtha  or 
enclosing  it  in  a  sealed  tube.  When  a  few  grammes  of  the  metal  are  melted  in  a  sealed 
tube  filled  with  coal-gas,  then  left  to  cool  tUl  a  few  solid  points  appear  on  the  surface, 
the  remaining  liquid  portion  poured  off  by  suddenly  inclining  the  tube,  the  soUdified 
portion  remams  in  shining  octahedral  crystals  belonging  to  the  dimetric  system,  and 
having  the  angle  P :  P  «  52°  in  the  terminal,  and  about  76^  in  the  basal  edges. 
(C.  E.  Long,  Chem.  Soc  Qu.  J.  xiii.  122.) 

Potassium  when  heated  in  the  air  to  its  point  of  volatilisation,  bursts  into  flame 
and  bums  rapidly  with  a  violet  light  Wlien  thrown  upon  water,  it  deoompos^v  the 
water  with  great  violence,  displacing  half  the  hydrogen  and  forming  hydrate  of 
potassium : 

2H^  +  K*    -     2KH0  +  H«. 

The  escaping  hydrogen  caxries  with  it  a  small  portion  of  the  volatilised  metal,  and 
takes  fire  from  the  heat  evolved,  burning  with  a  beautiful  rose-red  flame,  while  the 
melted  metal  floats  about  on  the  water,  and  flnally  disappears  with  an  ex^^osive  burst 
of  steam  as  the  globule  of  melted  potash  becomes  cool  enough  to  come  into  contact 
with  the  water.  Potassium  likewise  decomposes  nearly  all  gases  containing  f^xwem, 
when  heated  in  contact  with  them ;  and  at  high  temperatures  removes  oxygen  £om 
almost  all  bodies  containing  that  element.  On  the  other  hand  it  is  separated  firom  its 
hydrated  oxide  when  very  strongly  heated  in  contact  with  iron  or  charcoal,  the  decom- 
position being  doubtless  greatly  fiicilitated  by  the  volatility  of  the  potassium.  (See 
Cbxmicai.  AnuoTT,  i.  869.) 

Potassium  absorbs  hydrogen  at  a  heat  short  of  redness,  and  is  converted  into  a 
greyish  hydride  (perhaps  HK*),  from  which  however  the  hydrogen  is  expelled  at  a 
stronger  heat — Potassium  unites  directly  with  chlorine,  hromney  iodine^  nipkitr,  s^ 
nium  and  tetluriufn^  burning  vividly  when  heated  in  contact  with  them. — It  also  com- 
bines with  phoepkorus,  the  combination  being  attended  with  evolution  of  light  and 
heat  when  the  two  bodies  are  heated  together  in  nitrogen  gas ;  under  mineral  naphtha 
it  takes  place  without  visible  combustion.^ When  moderately  heated  in  carbonic  oxidi 
gas,  or  when  its  vapour  is  allowed  to  condense  slowly  in  an  atmosphere  of  that  gas»  it 
absorbs  the  carbonic  oxide,  forminff  the  black  mass  above  mentioned  (p^  698),  from 
which  the  metal  cannot  be  recovered. 

Potassium  is  a  monatomio  metal,  belonging  to  the  group  which  includes  the  other 
alkali-metals,  caesium,  rubidium,  lithium,  a^  sodium,  together  with  stiver.     With 


POTASSIUM:  ALLOYS -ANTIMONIDE.  695 

chlonn^  bromine,  iodine  and  flnorine,  it  forms  tiie  componndfl  KG,  KBr,  ise, ;  with 
chlorine  also  a  subchloride,  K*C1;  vrith  oxjgen  it  fomui  a  protoxide,  K*0,  the  oorree- 
pondinff  hydrate,  KHO,  a  dioxide,  KK)*,  and  a  tetroxiae,  K*0^;  with  sulphur,  a 
protosiuphide^K*S,  a  snlphydrate,  KHS,  and  seyeral  poljsulphides. 

VOTAMUCUMf  AJULOTM  OV«  Potasdnm  forms  alloys  with  most  other  metals, 
the  oombination  bcdng  generally  effected  by  fiudng  the  two  metals  together.  Anti- 
monide,  arsenide  and  bismnthide  of  potassium  are  produced  either  in  this 
manner  or  by  heating  the  respectiye  metals  with  cream  of  tartar.  These  compounds, 
when  distilled  with  the  alcoholic  iodides,  yield  the  arsenide,  &c.,  of  the  corresponding 
alcohol-radicles  (i.  339,  397,  596).  The  arsenide  and  antimonide  decompose  water, 
with  evolution  of  arsenolted  and  antimonetted  hydrogen. 

An  alloy  of  potassium  and  sodium  oontaining  76*6  per  cent,  of  the  former,  is  pro- 
duced by  heating  hydrate  of  jratassium  with  sodium  in  a  tube  containinff  caontchin  to 
the  boiling  point  of  the  liquid.  It  is  fluid  at  ordinary  temperatures  and  takes  fire  in 
contact  with  water  (Gr.  Williams,  B^p.  Chim.  pure,  iii.  177).  Wanklyn  (loe.  eiL) 
obtained  an  alloy  of  these  metali,  also  liqnid  at  ordinary  temperatures^  by  heating 
acetate  of  potassium  with  sodium. 

The  other  alloys  of  potassium,  some  of  which  are  described  under  the  respectiye 
metals,  are  of  no  particular  importance.  Respecting  the  amalgam  of  potassium,  see 
Mbbcust  (iii.  889). 

WOTJkMmunKf  illlfrp^g  or.  Monopoiastamidey  ESCN,  is  formed  when 
potassium  is  gently  heated  in  ammonia-ffas.  It  is  an  olire-ffreen  substance,  exhibiting 
a  brown  colour  by  transmitted  light  when  in  rery  thin  scues;  is  a  non-conductor  of 
electricity,  melts  at  a  little  abore  100^,  and  when  heated  in  a  dose  vessel,  is  resolyed, 
at  a  temperature  a  little  below  redness,  into  ammonia  and  tripotassamide :  SKH'N  &* 
2H'N  -f  Klf.  At  a  dull  red  heat  the  ammonia  is  partly  resolved  into  hydrogen  and 
nitrogen.  When  heated  to  ftision  in  the  air  or  in  oxygen  gas,  it  bums  rapidly  and  is 
converted  into  hydrate  of  potassium,  with  evolution  of  nitrogen.  With  water  it  forms 
smmonia  and  hydrate  of  potassium : 

KH*N  +  H«0     -    fl»N  +  HKO. 

Adds  andalcohols  act  upon  it  in  a  similar  manner  (Gay-Lussac  and  Th^nard,  Re' 
cherohespkgsico^kimiquestl  837;  H.  Davy,  PhiL Trans.  1809,  pp.  40 and 460).  With 
anJ^draus  alcohol  it  yields  ammonia  and  ethylate  of  potassium : 

KH«N  +  C«H».H.O    -    B^  +  C^».K.O. 

Similarly  with  phenol.  When  warmed  with  an  ethereal  sdntion  of  oeeHo  ankydride^  it 
Ibrms  acetamide  and  acetate  of  potassium : 

((?HK))«0  +  KH«N    -    <^JN   +  C'|K)jo 

Laetide  dissolved  in  ether  acts  slowly  on  it,  ammonia  being  set  firee  and  lactate  of 
potassiam  formed.  An  ethereal  solution  of  euocime  anh^fdnde  has  no  action  upon  iK 
With  compound  ethers  it  yields  ammonia  and  resinous  produets ;  with  hengoaU  and 
aoetaU  of  etkyl  it  yidds  also  the  corresponding  potassium-salts;  with  oxalate qf  ethgl 
it  forms  oxalate  and  oxamate  of  potassiunL  Sulphate  of  ethyl  and  oxalate  of  methyl 
do  not  act  upon  it.  With  ekloride  of  bentogl  dissolved  in  anhydrous  ether  it  forms 
and  dibensamide,  according  to  the  equation : 


ZCBHKl  +  8KH«N    -    ^tJ^JN  +   (^'5*^>*|n  +  ZKCl  +  H»Kr. 

When  the  amide  is  brought  into  direct  contact  with  diloride  of  benzoyl  without  the 
intervention  of  ether,  a  very  violent  action  takes  place,  sometimes  attended  with  inflam- 
mation, and  a  number  of  secondary  products  are  formed^  induding  hydrochloric  add, 
benaoic  add  and  benaoic  cyanide.  (Baumert  and  Landolt,  Ann.  Ch.  Fhwm.  czi. 
1 ;  Jahresb.  1869,  p.  126.) 

Tripotaseamide  or  yUride  of  Pota$9ium,  K'N,  obtained  by  heating  mono- 
potassamide  without  access  of  air,  is  a  greenish-black  infhdble  substance,  wfaidi,  when 
very  strongly  heated  without  access  of  air,  is  resolved  intopotassium  and  nitzooen.  On 
exposure  to  the  air,  it  generally  takes  flre  spontaneously,  buminc  with  a  dark-red 
flame.  With  water  it  dOPervesces  violently,  yielding  ammonia  and  hydrate  of  potasnum; 
K'N  +  SH'O  —  H'N  +  3EH0.  It  unites  with  sulphur  ot  phoephorua  when 
heated,  forming  a  highly  inflammable  mixture,  which  in  contact  witn  water  ^ves  off 
sulphydric  acid  or  phosphoretted  hydrogen  as  wdl  as  ammonia.  (Gay-Lnssae 
anaTh^nard,  Davy.) 

or.    See  AMnKOHT  (I  317). 
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'  VOTASBZIFMf  AJtSXITIBB  OF.  See  PoTASsnm,  AuioTs  or  (p.  ^96)/  The 
-compound  K'As  is  formed  by  heating  potassium  in  arsenetted  hydrogen.  It  is  a  chest- 
nut-brovn  powder,  which  is  deoomposea  by  water,  giving  off  areenetted  hydrogen,  and 
foi-ming  hydrate  of  potassinm ;  K"As  +  3II-0  =  H'As  +  3KH0.  Alloys  contain- 
ing larger  proportions  of  arsenic  likewise  yield  solid  arsenide  of  hydrogen  (i  371). 

-  VOTJLSSZmc,  BOBZBB  OV  t  Potassium  and  boron  when  heated  together, 
tmite  without  inflammation,  forming  a  grey  metallic  mass,  which  conducts  electaidty, 
and  is  decomposed  by  contact  with  water,  yielding  potash  asd  hydride  of  boron  (Dary). 
According  to  Oay-Lussac  and  Th^ard,  the  product  obtained  as  abore  is  only  a 
mechaniol  mixture  of  boron  and  potassium. 

VOTASSXnVf  BSOMZBa  or.  KBr.— Potassium  and  bromine  unite  directly, 
with  Tiolent  inflammation  and  detonation.  The  bromide  is  also  formed  by  heating 
potassium  in  hydrobromic  add  gas,  and  by  the  action  of  bromine  on  fused  iodide  of 
potassium.  It  may  be  prepared :  1.  By  neutralising  hydrobromic  acid  with  potash. — 
2.  By  decomposing  bromide  of  iron  with  an  equivalent  quantity  of  potassic  carbonate. — 
8.  Together  with  the  bromate,  by  adding  bromine  to  a  solution  of  caustic  potash  till 
the  liquid  acquires  a  slight  permanent  yellow  colour.  The  bromate  may  then  be 
decomposed  by  passing  a  current  of  sulphydric  acid  through  the  solution,  the  excess  of 
the  gas  expelled  by  gentle  heating,  the  liquid  filtered  from  the  deposited  sulphur,  and 
evajwrated  till  it  yields  crystals  of  the  bromide  (Lowig). — ^F.  Klein  (Ann.  Ch. 
Pharm.  cxxriii.  237)  prepares  the  salt  by  decomposing  bromide  of  calcium  (obtained 
by  triturating  1  pt.  amorphous  phosphorus  with  12*5  pts.  bromine  and  water,  and 
Slightly  supersaturating  the  resulting  aqueous  hydrobromic  acid  with  milk  of  lime) 
with  sulphate  of  potassinm  (13  pts.),  leaving  the  mixture  to  itself  for  12  hours,  then 
evaporating  the  filtrate  and  wash- water,  adding  carbonate  of  potassinm  as  long  as  tur- 
bidity ensues,  and  evaporating  the  filtered  liquid  to  the  crystallising  point. 

Bromide  of  potassium  crystallises  in  very  brilliant  cubes,  sometimes  elongated  into 
prisms  or  flattened  to  plates.  It  has  a  specific  gravity  of  2*690  (Schrioder,  Jahreeb. 
1859,  p.  12);  tastes  sharp;  decrepitates  in  the  fire,  and  melts  without  decomposition. 
It  dissolves  more  abundantly  in  hot  than  in  cold  water,  and  is  slightly  soluble  in  alcohol. 
It  is  decomposed  at  a  red  heat  by  chlorine.  With  aqueous  hypochlorous  acid,  it  yields 
bromate  and  chloride  of  potassium,  bromine  and  chlorine  being  set  free.  When  fused 
with  chlorate  of  potassium^  it  is  converted  into  bromate.  According  to  Hempel 
(Ann.  Ch.  Phann.  cvii.  160),  it  is  not  decomposed  in  neutral  solution  hy  permanffonate 
ofpotassiunij  even  at  the  boiling  heat ;  but  on  addition  of  sulphuric  acid,  bromine  is  set 
free  even  in  the  cold,  and  after  boiling  for  a  few  minutes  the  decompodtion  is  complete, 
the  liquid  no  longer  containing  any  bromine. 

y OTABBIUBCv  OABBZBB  OF  t  Charcoal  which  has  been  heated  to  redness  in 
contact  with  potassium,  effervesces  afterwards  in  contact  with  water:  hence  the  charcoal 
appears  to  have  taken  up  a  portion  of  the  potassium,  as  the  metal,  if  heated  alone, 
^ould  volatilise  entirely.    (Davy.) 

POTABSIUIE,  CAB80XZBB  OF.  KCO.— Potassium  unites  directly  with 
carbonic  oxide,  as  first  observed  by  Liebig  (Ann.  Ch.  Pharm.  xi.  182).  Acroidmg  to 
Brodie  (Chem.  Soc  Qu.  J.  xii.  269),  pure  potassium  heated  to  about  80°  in  carbonic 
oxide  free  from  air,  is  at  first  slowly  converted  into  an  arborescent  group  of  dull  grey 
crystals  ;  but  if  the  passage  of  the  gas  be  further  continued,  a  more  rapid  absorption 
takes  place,  even  at  a  lower  temperature,  and  the  grey  crystals  are  converted  into  a  dark 
red  compound  K*C*0*.  The  grey  substance,  which  cannot  be  obtained  pure,  appears 
to  condst  of  E'CO.  The  dark  red  compound  may  be  preserved  under  mineral  naphtha, 
but  is  decomposed  with  extreme  violence  by  water,  and  even  in  the  dry  state,  sometimes 
explodes  from  causes  which  hare  not  been  made  out  On  carefully  adding  it  to  anhy- 
drous alcohol,  great  heat  is  evolved,  part  of  the  substance,  containing  fths  of  the  entire 
quantity  of  potassium,  dissolves,  without  evolution  of  gas,  and  the  rest  separates  as 
rhodizonate  of  potassium,  probably  thus: 


6K«C«0« 

a 

2K«0 

+     K«C»«0". 

Carboxide  of 

Rhodisonate  of 

FoUssium. 

Potasiium. 

Hence  the  carboxide  may  be  regarded  as  a  compound  of  protoxide  and  rhodizonate,  or 
fiB  a  basic  rhodizonate  of  potassium  (see  Bhodizokic  Acid). 

The  black  explosive  substance  formed  in  the  preparation  of  potassium,  by  hating 
carbonate  of  potassium  with  charcoal,  appears  to  consist  of  one  or  both  of  the  com- 
pounds just  described.  According  to  Euhnemann  (Jahresb.  1864,  p.  180),  when 
potassium  is  intensely  heated  in  carbonic  oxide  ^s,  there  are  formed :  first,  a  grey 
mixture  of  oxide  of  potassium  and  free  carbon,  which  separates  as  the  apparatus  cools 
from  a  white  to  a  red  heat ;  and  secondly  a  black  red  body,  which  separates  at  a  t«n- 
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peratnie  below  doll  redness,  both  compounds  being  formed  without  access  of  water  or 
moist  air.  When  the  vapours  which  escape  from  the  receiyer  in  the  preparation  of 
potassium  arc  passed,  first  into  a  bottle  partly  filled  with  naphtha,  and  tnence  into  an 
empty  bottle,  the  grey  substance  collects  chiefly  in  the  first  bottle,  the  red  in  the 
jecond,  part  of  it  however  escapine  uncondensed,  and  imparting  a  red  colour  to  water 
into  which  it  is  passed.    The  rea  substance  diasolyes  m  water  witiiout  evolution  of 

Ss,  forming  a  solution  which  exhibits  all  the  reactions  of  rhodizonate  of  potassium, 
le  explosion  of  the  grey  substance  is  attributed  by  Kuhnemann  either  to  the 
heating  of  the  mass  by  absorption  of  water,  or  to  the  formation  of  peroxide  of  potassium 
(from  the  protoxide  present)  and  its  action  on  the  free  carbon. 


B  or.  KCl.  Lige$Hve  8dU,  Sai  diffesHvum. 
Bylvii,  Sal  fthrifugum  Bylwi. — ^Potassium  takes  fire  in  chlorine  gas  at  ordinal^ 
temperatures,  burning  with  a  red  flame  and  producing  chloride  of  potassium.  This 
Bait  is  also  formed  by  passing  chlorine  over  red-hot  hy(frate  or  iodid«>  of  potassium ;  by 
gently  heating  potassium  in  hydrochloric  acid  gas ;  by  dissolving  hydrate  or  carbonate 
of  potassium  in  aqueous  hydrochloric  acid ;  and  by  the  action  of  potassium  on  fused 
chloride  of  magnesium  and  other  metallic  chlorides.  It  occurs  native,  sometimes  pure 
but  more  abundantly  mixed  or  combined  with  other  chlorides.  Pure  chloride  of 
potassium,  or  sylwM,  is  found  in  cubic  crystals  about  the  fumaroles  of  Vesuvius,  also  in 
thin  layers  in  the  salt-beds  of  Stassfurth  near  Magdeburg.  In  the  same  lo<»lity  there 
occurs  above  the  rock-salt,  a  deposit  of  chloride  of  potassium  and  magnesium,  or  car- 
naUitej  EGl.Mg"Cl'.6H*0,  forming  a  layer  between  60  and  70  feet  thick,  interspersed 
with  layers  of  rock-salt  and  kieserite,  Mg^SO^.HK).  This  deposit  is  worked  for  the 
extraction  of  the  potassium-chloride.  On  dissolving  the  camallite  in  warm  water, 
)uid  leaving  the  solution  to  cool,  the  greater  part  of  the  chloride  of  potassium  separates 
out,  while  the  whole  of  the  chloride  of  magnesium  remains  in  solution.  The  method 
of  recovering  the  remainder  of  the  potassium-chloride  from  the  mother-liquor,  will  be 
described  hereafter  (p.  718).  Chloride  of  potassium  occurs  also  with  the  chlorides  of 
sodium,  magnesium,  calcium,  and  other  salts,  in  sea-water  and  brine-springs,  and  is 
obtained  as  a  bye-product  in  the  preparation  of  chlorate  of  potassium,  the  purification 
of  saltpetre,  and  m  several  other  manufacturing  operations  (see  Potassium-salts, 
Makufactubb  of,  p.  716): 

Chloride  of  potassium  crystallises  in  cubes  often  prismatically  elongated;  rarely 
(from  solution  containing  free  potash)  in  octahedrons.  Bpecific  gravity  m  1*836 
(Eirwan),  1-9163  (Karsten),  1*945  (Eopp),  1*998  (Schroder),  1986  (Schiff). 
It  tastes  like  common  salt;  is  not  acted  on  by  the  air ;  decrepitates  when  heated;  melta 
at  a  low  red  heat;  volatilises  unchanged  at  a  higher  temperature.  It  is  somewhat 
more  volatile  than  chloride  of  sodium ;  in  a  ooverra  crndble  it  may  be  kept  in  a  state 
of  fusion  without  loss ;  but  in  open  vessels  it  volatilises  gradually  in  the  constantly 
renewed  current  of  air.    (H.  Rose.) 

Chloride  of  potassium  is  more  soluble  in  footer  than  common  salt,  and  produces  a 
mudi  greater  degree  of  cold  in  dissolving  than  the  latter,  but  less  than  sal-ammoniac. 
One  part  dissolves  at  17*5^  in  3*008  parts  of  water,  forming  a  solution  of  spedfle 
gravity  11686  (Karsten):  it  dissolves  at  ll*8<^in  2*89  parts,  at  18*8® in  2*87  parts, 
and  at  15*6®,  in  2*86  parts  of  water  (Eopp) ;  100  parts  of  water  at  0®  dissolve  29*28 
parts  of  chloride  of  potassium,  and  for  every  degree  above,  0*2738  parts  (Gay* 
Lussac). 

Solutions  containing  various  percentages  of  chloride  of  potassium  have  the  following 
spedfle  gravities  :  According  to  Schiff  (Ann.  Ch.  Phann.  crii  293;  Jabresb.  1869, 
p.  39) : 

Percentage  2*76       6*60  8*26         1100  16-60  24*76 

Spedfle  gravity  at  16®    1017     10360       1-0629      1-0780        11115        11729 

According  to  Oerlach  (Jahresb.  1869,  p.  43) : 

Percentage 

Specific  gravity  at  16° 

Bespecting  the  expansion  by  heat  of  solutions  of  potasdum-ehloride  of  various 
strengths, see  Eremers  (Pogg.  Ann.  Cb.  Pharm.  894;  Jahresb.  1867,  p.  68);  respecting 
the  tendon  of  aqueous  vapours  given  off  from  its  solutions,  see  Wu liner  (Pogg.  Ann. 
dii.  629  ;  Jahresb.  1869,  p.  44). 

Chloride  of  potassium  is  but  slightly  soluble  in  strong  alcohol.  According  to 
Schiff  (Ann.  Ch.  Pharm.  cxviii.  862;  Jahresb.  1861,  p.  87X  100  pts.  of  spirit  of 
various  strengths  are  capable  of  dissolving  at  16®,  the  following  quantities  of  potasdum- 
ehloride: 


6 

10 

16 

20 

24*9 

1*0326 

10661 

1*1004 

1*1361 

1*1733 
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100  pts.  of  wood-spirit  eontuning  40  per  cent  methylie  alcohol  ax«  capable  of  disBcdT- 
ing,  at  the  same  tempteratare,  9*2  pts.  of  potaasiom-^loride. 

Chloride  of  potassimn  is  decomposea  bj  ndphurie,  nitric  or  tartarie  acid,  with 
separation  of  hydrochloric  add  and  formation  of  stuphate,  &c.  of  potasrinm.  According 
to^aiimhaiier(Jahre8b.  1869,  p.  128),  1  at.  chloride  of  potassiam  in  aqneons  solution 
is  completely  oonrerted  into  nitrate  by  2  at.  nitric  acid. 

Chloride  of  potassiam  absorbs  the  Taponr  of  stdpkurie  anhydride,  forming  a  hard 

translucent  mass  consisting  of  KCl.SO*or'   ^'  [qi  (analogous  to  Williamson's 

chloifaydrosalphuric  add  ^  ^     ( Cl^  ^^<^  ^  instantly  decomposed  by  water.    With 

chromic  anhydride  it  forms  a  simiUr  compound  KCl.CrO',  which  is  also  decomposed  bj 
water;  it  is  obtained  in  needles  when  a  solution  of  acid  potassiom-chromate  in  hydro* 
chloric  acid  is  allowed  to  crvstallise. 

Chloride  of  potassium  unites  with  most  other  metallic  chlorides,  forming  aystallis- 
able  double  salts ;  these  are  described  with  the  chlorides  of  the  sereral  metals. 
Chloride  of  potassium  and  magnmum  occurs,  as  already  obserred,  in  the  salt  deposit  of 
Stassfurth  (see  also  PoTAssmif -salts,  Mamufactujue  of,  p.  717). — Kremersite,  a  min- 
eral occurring  in  red  octahedrons  about  the  fumaroles  of  Vesuvias,  consists  of  chloride 
of  potassiam  mixed  or  combined  with  the  chlorides  of  sodium,  ammonium  and  iron. 

Hemichloride  or  Suhehloride  of  PQlaeeium^  K*CL — ^Produced  Irf  melting 
the  ordinary  chloride  with  potassium  in  a  stream  of  hydrogen.  It  is  a  dark  blue  com- 
pound, which  is  decomposed  by  water,  with  eyolution  of  hydrogen  and  formation  of 
potassic  chloride  and  hydrate : 

KK31     +     H«0      »      Ka     +     KHO     +     H 

^H.  Hose,  Fogg.  Ann.  cxx.  1).  A  blue  compound,  probably  identical  with  the  above^ 
is  formed  when  potassium  is  heated  with  chloride  of  phenyl. 


OTAVZBBOr.    See  CvAinDas  (ii.  268). 

VOTABBIUBI,  BSTBOnOV  AVS  aSTIMATZOV  OV.  1.  Iteaetione 
in  the  dry  tD ay.— Potassium-compounds  impart  a  TioLet  colour  to  the  outer  blow- 
pipe flame.  Alcoholic  solutions  of  potassium-salts  bum  with  a  videt  flame.  The  colour 
IS  not  perceptible  to  the  naked  eye  in  presence  of  sodium  (or  lithium) ;  but  if  a  thick 
plate  of  dark  blue  glass  be  interposed  between  the  eye  and  the  flame,  the  yellow  sodium 
flame  is  completely  cut  off,  and  uie  potassium-flame  then  becomes  djstindly  yisible,  of 
a  rich  reddish-violet  colour.  In  this  manner  a  very  small  quantity  of  potasdnm  may 
be  detected  in  presence  of  a  large  amount  of  sodium.  In  the  spectroecope,  potassium- 
salts  exhibit  a  spectrum  very  much  like  the  ordinary  solar  spectrum,  but  chazacteriaed 
by  a  bright  line  near  the  red,  and  a  fiunter  line  near  the  violet  extremity. 

The  normal  sulphate^  carbonate,  phosphate,  arsenate  and  borate  of  potassium,  are 
not  decomposed  by  heat  The  chloride,  bromide,  iodide  and  hydrate  volatilise  without 
decomposition  at  very  high  temperatures.  Host  other  potassium-sslts  ace  decomposed 
by  heat 

2.  Eeaetione  in  8clution.^AJl  potassium-salts  are  soluble  in  water,  and  most 
of  them  easily  soluble.  The  normal  potassium-salts  of  strong  adds,  e.g,  KCi,  ENO*, 
K*SO\  CKH>\  &c,  are  neutral  to  testriMtper,  and  the  corresponding  add  salts,  e,a. 
KHSO\  CHKO\  &a,  have  an  add  reaction;  but  in  the  case  of  the  weaker  adds,  the 
alkaline  reaction  of  the  potash  predominates  in  the  normal,  and  even  in  the  add  salts; 
thus  the  normal  and  add  carbonates,  KHX)*  and  KCHO*,  have  an  alkaline  reaction;  so 
likewise  have  sll  the  borates,  excepting  the  pentaborate,  KH*fi*0'*, which  is  neutral 
(i.  646). 

Solutions  of  potassium-salts,  if  not  too  dilute,  form  inih.^aiinic  chloride  a  vellow 
crystalline  precipitate  of  chloroplatinate  of  potassium,  K^PtCl*,  slightly  soluble  in 
water,  insoluble  m  alcohol  and  in  adds.  If  verv  little  potassium  be  present^  the  solu-. 
tion  must  be  saturated  with  hydrochloric  ada,  platinic  chloride  added,  the  whole 
evaporated  to  diyness,  and  the  reddae  treated  with  alcohol,  which  leaves  the  chloropkr- 
tinate  undissolved. 

Concentrated  potassium-solutions  form  with  tartaric  add  (or  better,  with  add 
tartrate  ofeodium)  a  white  aystalline  predpitateof  add  tartrate  of  potasdum,  soluble 
in  about  180  pts.  of  cold  water,  readily  soluble  in  adds  or  in  alkaline  solutiona^  insoluble 
in  aloohoL    In  dilute  aqueous  solutions^  the  foimatioQ  of  the  predpitate  is  greatly 
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facQiUtod  by  addition  of  alcohol,  also  by  agitating  the  solution  or  scratching  the  aides 
of  the  test-tnbe  with  a  glass  rod. 

HydrofiuoBiUcio  acid  forms  in  solutions  of  potassium-salts,  a  white,  gelatinous  pre- 
cipitate of  potassic  silioofluoride. — Perehlorie  acid  forms  a  precipitate  of  perchlorate, 
insoluble  in  akohoL  When  a  concentrated  solution  of  alumimum'StUphaU  is  added 
to  a  concentrated  solution  of  a  potassium-salt,  octahedral  crystals  of  alum  are  deposited 
on  sTaporating  the  solution. 

In  mixed  solutions,  potassium  must  be  looked  for  in  the  liquid  which  remains  after 
the  removal  of  all  the  metals  which  are  precipitable  by  sulphvdric  acid,  sulphide  of 
ammonium,  and  carbonate  of  ammonium,  and  of  ma^esium  by  baryta-water.  It  may 
then  be  detected  by  its  reactions  with  platinic  chlonde  and  tartaric  add;  also  by  eva- 
porating the  solution  to  dryness,  and  examining  the  colour  and  spectrum  of  the  flame 
as  aboye  described. 

3.  Ettimation  and  Separation. — ^Potassium,  when  it  occurs  in  a  compound  not 
containing  any  other  metu  or  any  fixed  acid,  may  be  estimated  directly  either  as 
sulphate  or  as  chloride.  All  potassium-salts  containing  volatile  acids  are  decomposed 
by  neating  them  with  sulphuric  acid,  the  excess  of  which  may  afterwards  be  expelled 
by  a  stronger  heat,  and  the  quantity  of  potassium  or  potash  calculated  from  the  weight 
of  the  residual  neutral  sulphate.  It  is  difficult,  however,  to  expel  the  last  traces  of  free 
sulphuric  acid  by  mere  ignition ;  but  they  may  be  completely  driven  off  h^  dropping  a 
lump  of  carbonate  of  ammonia  into  the  crucible,  and  repeating  the  ignition  with  the 
cover  on ;  the  sulphuric  add  then  diffuses  into  the  atmosphere  of  ammonia  in  the 
crucible,  and  a  perfectly  neutral  sulphate  remains,  containmg  41*62  per  cent,  potas- 
sium, or  54*06  per  cent,  of  potassic  oxide,  K'O. 

In  estimating  potassium  as  chloride,  the  only  precaution  to  be  observed,  is  to  ignite 
the  chloride  in  a  covered  crudble,  as,  when  strongly  heated  in  contact  with  the  air,  a 
portion  of  it  volatilises.  The  chloride  contains  62*4  per  cent,  potassium,  equivalent  to 
68*19  KH). 

The  separation  of  potassium  from  ell  metals,  excepting  the  other  alkali-metals,  is 
effected  by  the  reagents  above  mentioned.  From  sodium  and  lithium  it  is  separa- 
ted by  chloride  of  platinum,  adding  alcohol  to  complete  the  predpitation  of  the  duoro- 
platinate  of  potassium.  The  precipitate  is  then  collected  on  a  weighed  filter,  washed 
with  alcohol  and  dried  at  100^.  It  contains  16*04  per  cent,  potassium,  equivalent  to 
19*31  K«0. 

Predpitation  with  chloride  of  platinum  serves  also  to  separate  potassium  from  all 
other  metals  which  do  not  form  insoluble  chlorides,  and  from  all  non-metallic  elements. 

From  cnsium  and  rubidium,  potassium  may  be  separated  by  the  sreater  solubi- 
lity of  its  chloroplatinate  in  water  (i  1114^  or  according  to  Bedtenbacher  (BulL 
Soc.  Chim.  1865,  ii.  201),  by  the  difference  of  solubility  of  the  alums  of  the  three 
metals,  100  pta.  water  at  17°  dissolving  18*5  pts.  of  potassium-alum,  but  only  2*27 
pta.  of  rubidium-alum  and  0*619  pts.  of  cnsium-alum. 

The  amount  of  hydrate  or  of  carbonate  of  potassium  in  a  solution  not  containing  any 
other  alkali,  or  in  commercial  potashes,  may  oe  estimated  by  alkalimetry  (i.  117,  263X 
and  the  same  method  may  be  applied  to  the  commercial  valuation  of  organic  polassium- 
•alte,  tartars  for  example,  after  thev  have  been  converted  into  carbonate  by  ignition. 

For  the  estimation  of  potassium  in  silicates,  see  Shjcatbs. 

4.  Atomic  Weight  of  Potaeeium, — The  method  of  determining  the  atomie 
weight  of  this  element,  in  connection  with  those  of  chlorine  and  stiver,  has  been 
alr^y  described  under  Chlobimb  (l  906).  The  experiments  of  Marignae  give  K  -■ 
89*12;  those  of  Stas  give  K  -  39*14. 


90TAMBTUWif  V&VOXZBB  OV.  KF. — ^Ptoduced  by  dissolving  potassium  OF 
the  hydrate  or  carbonate  in  hydrofiuoric  add,  evaporating^  and  heatug  strongly  to 
expel  the  excess  of  acid.  It  is  deliquescent,  very  soluble  in  water,  and  crystallises  mm 
an  aqueous  solution  evaporated  under  40^,  in  colouriess  cubes  often  lengthened  into 
prisms,  or  exhibiting  square,  pyramidally  excavated  ftces.  Specific  gravity  »  2*464 
(Bodeker).  It  melts  below  a  red  heat^  has  a  sharp,  saline  taste  and  aUuiline  reac- 
tion, and  is  decomposed  by  strong  sulphuric  add,  even  at  ordinary  temperatures.  It 
is  insoluble  in  alcohol,  and  is  precipitated  thereby  from  the  aqueous  solution  in  long, 
thread-like,  radiating  crystals  contaming  KF.2H'0.    (H.  Rose,  Pogg.  Ann.  Iv.  664.) 

Fluoride  of  potamium  forms  definite  crystallisable  compounds  with  many  other 
fluorides.  The  fluoride  of  boron  and  potaetium,  £BF\  has  been  already  described 
(i.  634).    Silico-fluoride  of  potassium  unU  be  described  under  Siuciuic. 

Fluoride  of  Potassium  and  Hydrogen,  KHF*  or  KF.HF,  is  obtained  by  leaving  a 
solution  of  potassium- fluoride  containmg  excess  of  hydrofluoric  add  to  evaporate  in  a 
platinum-dish,  in  rectanp;ular  four-sided  tables  with  truncated  lateral  eogBS,  or  by 
very  slow  evaporation  in  a  deeper  vesselt  in  enbee  (Berielins).     Aceoiding  to 
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Hariffnae  (PhiL  Mag.  [4]  zr.  167),  it  forms  qoadraUe  tables.  W.  Gibba  (BidL 
8oc  Cnim.  1865,  ii.  369)  recommnnds  this  salt  as  a  ooDTenient  reagent  for  deoompoeing 
refractory  silicates  and  other  minerals ;  beryl,  colnmbite,  duome-uon,  and  cassiterite, 
are  easily  disintegrated  and  decomposed  by  fusion  with  it 

The  oomponnds  of  potassium-fluoride  with  the  fluorides  of  other  metals  are  described 
under  the  seyeral  metals. 


or.  KHO  or  KH).HH).  Potash.  Caustic  Potash. 
Potassa.  Feaetable  Alkali.  Pflaneenlau^ensals. — ^This  compound  may  be  produced  by 
dissolying  annydrous  protoxide  of  potassium,  K*0,  or  the  peroxide,  E!*0*,  in  water,  the 
excess  of  oxygen  being  given  off  in  the  latter  case.  This  indeed  appears  to  be  the  only 
means  of  obtaining  the  hydrate  absolutely  puro.  But  it  is  generally  prepared  for  use  by 
decomposins  carbonate  of  potassium  in  dilute  solution  with  slaked  Hme.  In  an  iron  Tea- 
sel proyided  with  a  closely-fitting  cover,  1  pt.  of  carbonate  of  potassium  is  heated  with 
12  pts.  of  water  till  it  boils;  and  slaked  lime — ^prepared  by  mixing  2  pts.  of  quicklime 
with  9  pts.  of  warm  water,  and  keeping  it  in  a  covernd  pan  till  it  is  reduced  to  a  soft 
powder — is  then  added  by  degrees.  After  each  addition  of  lime,  the  mixture  is  boiled 
for  a  few  minutes  in  order  that  the  carbonate  of  calcium  may  become  dense,  and  fid] 
readily  to  the  bottom.  When  all  the  lime  has  been  added,  the  whole  is  boiled  for  a 
quarter  of  an  hour,  with  the  coyer  on,  and  left  for  the  lime,  &c  to  settle  down.  The 
caustic  8olution<»which  should  no  longer  efifervesce  when  poured  into  hydrochloric  acid, 
or  giye  any,  or  yexr  little  cloudiness  with  lime  water  (if  otherwise,  longer  boiling;  and 
peraaps,  also,  an  addition  of  milk  of  lime,  is  requisiteW-is  then  drawn  off  into  stoppered 
bottles  by  a  siphon  first  filled  with  water.  The  resiaue  is  once  or  twice  boiled  for  half 
an  hour  with  a  small  quantity  of  water,  and  the  remaining  portion  of  potash  separated 
by  subsidence  and  decantation.  The  rest  of  the  lime  is  aeposited  in  the  stoppered 
bottles.  The  decanted  solution  is  first  rapidly  concentrated  in  covered  iron  pots ;  and 
if  it  becomes  turbid,  set  aside  in  stoppered  yessels,  and  then  decanted ;  and  lastly, 
rapidly  boiled  down  in  a  silver  basin,  till  the  oily  hydrate  which  remains  begins  to 
evaporate  as  a  whole  in  white  clouds. 

To  ensure  the  complete  separation  of  the  carbonic  acid  ficom  the  potash,  it  ia 
necessary  to  use  a  considerable  quantity  of  water.  When  only  4  pt&  of  water  are  used 
to  1  pt.  carbonate  of  potassium,  no  decomposition  takes  place;  and  a  concentrated  solu- 
tion of  caustic  potash  withdraws  the  acid  firam  carbonate  of  calcium  (Lie big).  The 
lime  may  also  be  mixed  with  the  solution  of  potassic  carbonate  at  orainaiy  tempera- 
tures, and  the  liquid  set  sside  in  stoppered  vessels ;  but  then  the  decomposition  pro- 
ceeds more  slowly,  and  frequent  shaking  is  'required;  the  carbonate  of  calcium  is  also 
less  dense  than  when  the  liquid  is  boiled,  and  consequently  the  decantation  is  more 
difiicult.  Moreover  carbonate  of  potassium  almost  always  contains  silica,  which  is  not 
precipitated  at  ordinary  temperatures,  but  completely  by  sufiBcient  boiling ;  for  it  then 
forms  an  insoluble  compound  with  the  excess  of  lime  and  the  potash.  Any  alumina 
that  may  be  present  is  separated  in  the  same  way.  As  the  alkaline  solution  absorbfl 
carbonic  add  from  the  atmosphere  veiy  greedily,  the  air  must  be  kept  from  it  as  much 
as  possible.  A  portion  of  carbonic  add  is  always  reabsorbed  during  evaporation,  unless 
this  process  is  performed  in  a  silver  vessel  fitted  with  a  head.  When  tne  caustic  solu- 
tion is  evaporated  down  to  an  oily  consistence,  the  greater  part  of  the  carbonate 
separates  in  solid  particles,  which  float  on  the  surfiice,  and  can  then  be  taken  off  by- 
means  of  a  spatula.  If  crude  potash  or  pearl-ash  is  used  instead  of  pure  carbonate  of 
potassium,  the  hydrate  of  potassium  produced  contains  the  chlonde  and  sulphate 
present  in  the  original  substance.  Hence,  to  obtain  pure  hydrate.of  potassium,  it  is  best 
to  use  the  pure  neutral  carbonate  obtained  by  igniting  cream  of  tartar,  or  tJie  crystal- 
lised add  carbonate,  and  decompose  it  with  lime  obtained  by  igniting  black  marble. 

According  to  Berthollet's  plan,  however,  tolerably  pure  hydrate  of  potassium — ^the 
Potasse  h  Falcool — may  be  obtained  from  impure  carbonate.  The  caustic  solution, 
obtained  as  above,  is  evaporated  to  the  thickness  of  syrup,  shaken  in  dose  vessels  with 
one-third  of  its  volume  of  alcohol,  and  the  mixture  left-  to  settle.  Two  strata  are 
thereby  formed,  the  lower  of  which  is  an  aqueous  solution  of  chloride,  carbonate,  and 
sulphate  of  potassium,  together  with  a  portion  of  caustic  potash,  and  rests  on  a  predpi- 
tate  which  may  contain  lime,  oxide  of  iron,  and  sulphate  of  potassium,  while  the  upper 
stratum  is  a  solution  of  caustic  potssh  with  some  chloride  of  potassium  in  aloohoL 
This  is  poured  off,  and  freed  from  the  greater  part  of  the  spint^  by  distillation  in  a 
silver  vessel  fbmished  with  a  still-head,  and  boiled  down  in  a  silver  basin  till  the 
hydrate  begins  to  sublime.  The  resinous  matter  produced  by  the  decomposition  of  the 
alcohol,  and  found  floating  on  the  surfiace,  is  then  removed,  and  the  hydrate  is  poured 
out  on  plates.  It  is  freefrom  sulphate  of  potasnum,  but  contains  diloride,  and  traces 
of  carbonate  and  acetate. 

Pure  hydrate  of  potassium  may  also  be  prepared :  a.  By  decomposing  the  sulphate 
with  baryta-water,  added  in  just  suffidont  quantity,  or  better  in  slight  excess,  as  on 
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^Taporating  the  decanted  solution,  the  small  excess  of  baryta  is  precipitated  by  the 
carbonic  acid  of  the  air.     (Schubert,  J.  pr.  Ghem.  xxvi.  117.) 

0.  By  decomposing  pure  nitrate  of  potassium  with  metallic  copper  at  a  red-heat: 
1  pt.  of  saltpetre  and  2  or  3  pts.  of  thin  copper  plate  cut  into  small  pieces,  are  arranged 
in  alternate  thin  layers  in  a  covered  copper  crucible,  and  exposed  for  half  an  hour  to 
a  moderate  red-heat.  The  cooled  mass  is  then  treated  with  water,  the  liquid  left  to 
stand  in  a  tall  covered  cylindrical  vessel  till  the  oxide  of  copper  has  completely  settled 
down,  and  the  pure  solution  of  potash  is  then  decanted  with  a  siphon.  With  the 
above  proportions  of  saltpetre  and  copper,  part  of  the  latter  is  converted  only  into  sub- 
oxide. It  may,  therefore,  be  used  for  a  second  preparation  of  potash  by  mixing  I  pt.  of 
it  with  1  pt.  of  saltpetre  and  1  pt.  of  metallic  copper.  Iron  may  also  be  used  to  decom* 
pose  the  saltpetre ;  but  the  potash  thereby  obtiuned  is  contaminated  with  small  quan? 
tities  of  carbonic  acid,  silica,  &c.    (Wohler,  Ann.  Ch.  Pharm.  Ixxxvii.  373.) 

F.  Schulze  (2jeit8dir.  Ch.  Pharm.  1861,  p.  109)  heats  a  mixture  of  1  pt.  pure 
nitrate  of  potassium  and  1  pt.  pure  ferric  oxide  (prepared  from  ferrous  oxalate)  to  low 
redness  in  a  covered  copper  crucible  into  which  hydrogen  gas  is  passed  by  a  tube 
reaching  nearly  to  the  bottom.  The  nitric  acid  is  easily  decomposed,  and  at  the  end 
of  the  experiment  the  potash  is  fbund  mixed  with  the  ferric  oxide,  from  which  it 
may  be  dissolved  out  by  water. 

Hydrate  of  potassium  prepared  by  the  ordinary  method  from  the  carbonate  may 
contain  the  following  impurities: — CarlxmaU  of  calcium,  originating  from  imperfect 
decantation. — Oxide  of  iron,  when  the  caustic  solution  is  evaporated  in  an  iron  vessel 
to  such  an  extent  that  it  begins  to  act  upon  the  iron.  These,  together  with  other  in- 
soluble substances  accidentally  present,  remain  behind  when  the  potash  is  dissolved  in 
water. — Peroxide  of  potaseium.  Formed  in  small  quantity,  towards  the  end  of  the 
evaporation,  when  conducted  in  the  air.  It  is  owing  to  the  presence  of  this  substance 
that  the  hydrate,  when  dissolved  in  water,  gives  off  oxygen  gas. — Carbonate  ofpotaseium. 
The  solution  effervesces  with  acids. — Sulphate  of  potassiufn. — Chloride  of  barium,  with 
excess  of  dilute  hydrochloric  add,  gives  a  precipitate. — Chloride  of  potassium,  A  pre>^ 
cipitate  produced  even  when  the  liquid  is  very  dilute,  with  a  solution  of  silver,  nitrie 
acid  being  added  in  excess. — Ifitrate  of  potassium.  Gives  the  reactions  of  the  nitratea 
(p.  83). — A  few  oxides  of  the  heavy  metals.  The  solution,  supersaturated  with  acetic 
acid,  gives  a  precipitate  with  sulphydric  add  or  sulphide  of  ammonium. 

Properties. — ^Hydrate  of  potaraium,  after  fusion,  is  a  white,  hard,  brittle  substance, 
having  a  specific  gravity  of  2*1  (Dal  ton),  and  often  a  fibrous  texture.  It  melts  below 
redness,  forming  an  oily  liquid  clear  as  water,  and  volatilises  at  a  full  red  heat  in  white 
punffent  vapours.  It  rapidly  absorbs  moisture  and  carbonic  add  from  the  air;  dissolves 
m  about  half  its  weight  of  water,  evolving  great  heat,  and  is  almost  equally  soluble  in 
alcohol.  It  has  a  peculiar  nauseous  odour,  and  an  acrid  tast^,  and  acts  as  a  powerful 
cautery,  quickly  destroying  both  animal  and  vegetable  matters :  hence  its  solution 
cannot  be  filtered  except  through  glass  or  sand,  and  is  always  best  clarified  by  subsi- 
dence and  decantation.  The  solution  should  be  kept  in  glass  bottles  free  from  lead,  as 
it  gradually  corrodes  lead-glass,  dissolving  out  the  oxide  of  lead.  It  also  attacks 
vessels  of  green  glass  or  porcelain  when  heated  in  them. 

A  hot  concentrated  solution  of  caustic  potash  deposits  on  ooolioff*  transpaMnt, 
colourless,  ver^  acute  rhombohedrons  of  a  hvcbate  containing  EH0.2H^or  KK>.6HK>. 

The  following  tables  give  approximately  the  proportion  of  potassic  oxide,  KK>, 
contained  in  100  pts.  by  weight  of  solutions  of  different  densities. 


Palton  (^System,  jL  293). 

m 

Specific        &<0  per  Boiling 

gravity.  crnt.  point. 

2-40  39-9  129'6<> 


2-20 

1-42 

1-89 

1-36 

1-33 

1-28 

1-23 

1-19 

M5 

11 

1-0 


36-8 
34*4 
32*4 
29-4 
26-3 
23  4 
19-6 
16-2 
13*0 
9*5 
4-7 


123*9 
118-3 
116-6 
112-2 
109-4 
106-6 
104-4 
103-3 
101-7 
1011 
100-5 


Tiinnezmann  (N.  Tr.  xviiL  2,  6 ;  at  16<^). 

dflc  K<Oper       Speelfle  RH 

cent.  graTitj. 


Spedflc 
graTity. 

1-3300 
1-3131 
1-2966 
1-2805 
1-2648 
1-2493 
1*2342 
1-2268 
1-2122 
1-1979 
1*1839 
11702 
11668 


28-290 
27-168 
26027 
24-895 
23-764 
22-632 
21-600 
20-935 
19-803 
18-671 
17-640 
16-408 
16-277 


11437 
1-1308 
M182 
1-1069 
1-0938 
10819 
10703 
1-0689 
10478 
10369 
10260 
10163 
10060 


RH>per 
.  cent* 

14145 

13-013 

11-882 

10-760 

9-619 

8-487 

7-365 

6-224 

6-002 

3-961 

2-829 

1-697 

0-6658 
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Th«  XtjP^  Pataua  ot  the  pharmaoopoBia  conteim  nearij  6  per  cent,  of  Uie  solid 
hydrate,  KHO,  and  has  a  density  of  1*068.  The  strong  solution,  of  spediie  gnvitj 
about  1'25»  used  for  absorbing  carbonic  acid  in  organic  analysis,  maj  be  prepifed  bj 
diflsolying  1  pt  of  the  hydrate  in  8  pts.  of  water. 

BeaeUoM. — ^Hydrate  of  potassinm,  when  heated  alone,  does  not  decompose  at  anj 
temperatore,  but  when  heated  with  silidc,  boric,  phon>horic,  tungstic,  tttrtarie,  stannip, 
or  any  non-Tolatile  add  oxide,  it  gives  oflBT  water  and  is  converted  into  a  potsssiun- 
salt  of  the  acid.  Heated  with  potassium,  it  gives  off  hydrogen  and  is  converted  into 
the  anhydrous  oxide:  KHO  •<-  K  -^  KK)  -i-  H.  When  moderately  heated  with 
Bodium  under  a  liquid  not  containing  oxygen,  it  yields  an  alloy  of  potassium  and 
sodium  (p.  696).  In  contact  with  iron  at  a  white  heat^  it  is  completer^  decomposed, 
giving  off  hydrogen  and  potassium  and  forming  oxide  of  iron. 

Potash  possesses  in  an  eminent  degree  the  characteristic  properties  of  an  alkali  (L 1 17)w 
Ti&,  solubility  in  water;  the  power  of  neutralising  acids  and  decomposing  metallic 
salts;  a  caustic  or  corrosive  action  on  organic  substanceB;  and  a  oendiar  action  on 
Te^etable  colours,  turning  reddened  litmus  blue,  turmeric  brown,  ana  symp  of  videCs 
or  inAudon  of  red  cabbage,  green.  Aqueous  potash  decomposes  most  metallic  saltan 
precipitating  from  their  solutions  all  those  metals  which  fbrm  insoluble  oxides  or 
hydrates:  The  precipitates  formed  by  it  in  solutions  of  aluminium,  glucinum,  duo- 
mium,  ainc  and  lead,  ate  soluble  in  excess  of  the  alkali ;  the  zest  are  insoluble.  [For 
the  special  reactions,  see  the  several  metals.] 

At  hig^  temperatures,  it  acts  with  grsM  energy  on  nearly  all  substances»  taldog 
up  any  add  that  may  exist  ready  fbrmea  in  the  substance,  and  giving  rise,  by  azidstioo, 
or  by  a  splitting  up  of  the  original  compound,  to  the  formation  of  adds  which  did  not 
previoosly  exist.  Thus  it  decomposes  many  silicates,  forming  sQicate  of  potassium  and 
separating  the  bases :  hence  it  destroys  glass  or  porcelain  vessels  in  which  it  is  fused. 
Kany  metals  are  oxidised  by  fiidon  with  it,  and  oxides  are  raised  to  a  higher  state  of 
oxidation ;  in  this  manner  antimonv  and  arsenic,  and  even  iron  and  platinum  (p.  665)^ 
are  converted  into  add  oxides  which  unite  wiih  the  potai^ ;  and  chromic  oxide^  the 
oxides^  of  manganese^  &c.,  are  converted  into  chzomate  and  manganate,  &e.,  of 
potassium. 

Oiganie  compounds  (carbon-compounds)  either  unite  directly  with  potash  or  are 
decomposed  by  it,  in  some  cases  by  contact  with  its  aqueous  or  alcohouc  solution  aft 
ordinary  or  at  higher  temperatures,  in  others  by  Aision  with  the  hydrate.  The  modes 
of  action  of  potash  (and  of  fixed  alkalis  in  general)  on  oiganic  compounds  ma^  be 
dassified  as  mllows : — 1.  Direct  combination. — 2.  Double  decomposition. — 8.  Oxidar 
tion  with  elimination  of  hydrogen. — 4.  Conversion  of  the  orgamc  compound  into  aa 
isomer. 

1.  The  instances  of  direct  oombinaHan  of  potash  with  organic  bodies  are  but  fbw.  Car* 
bonic  oxide  and  carbonic  anhydride  are  absorbed  by  it,  producing  in  the  first 
case,  formate  of  potassium,  CHKO',  and  in  the  second,  the  ada  carbonate,  CHKO". 
Isatin  dissolves  in  aqueous  potash,  forming  isatate  of  potassium,  C^^NO*  -f-  KHO 
»  C*H*KNO*;  similarly  with  chlor-  and  brom-isatin.  Benzil,  C>«Hi«0*and  con- 
mar  in,  CH'O',  are  converted  by  boiline  with  aqueous  potash  into  benzilate  and 
coumaiateof  potssdum,  C>«H"KO*  and  C'H'EO*  respectively;  and  camphor,  C>*H*«0, 
strongly  heated  with  potash-lime  in  a  sealed  tube,  is  converted  into  camphdate  of 
potasnum,  C^H"KO'.  The  adds  corresponding  to  these  potassium-salts  consist  of 
the  original  compound  +H*0. 

2.  Double  Ikcomposiiion, — Organic  acids  (and  indeed  all  acids)  are  converted  by 
aqueouspotash into  potasdum-salts  with  elimination  of  water:  e,g.^  CH^O'  +  KHO 
B  CH^O*  +  HK).  Some  alcohols  (as  phenol^  yidd  dmilar  compound^  with  aqueous 
potash ;  solid  potash  acts  also  on  other  alcohols  and  on  aldehydes,  but  in  a  differeBt 
manner. 

Some  adds  when  fhsed  with  potash  at  about  200^  are  resolved  into  two  othen* 
thus: 

C*B*0*  +  2KH0     =      C«H»KO«  +  C«HKO*  +  2H«0. 
Tartaric  Acetate.  Acid 

acid.  oxalate. 

C«H»»0«  +  8KH0     »     2C«H«K0»  +  C«HKO«  +  8H*0. 
Hucle  Acetate.  Add 

add.  oxalate. 

Compound  ethers  are  converted  by  alcoholic  potash  into  alcohols  and  potassium- 
salts  of  the  corresponding  adds,  and  sly cer ides  boiled  with  aqueous  potash  are 
resolved  into  glycerin  and  potassium-sslts  of  the  fat  adds,  or  soaps. 

Chlorides,  bromides,  and  iodides  of  alcoholic  and  add  radicles  are  converted 
by  potash  into  chloride,  bromide  and  iodide  of  potasdum  on  the  one  hand,  and  44polK>lff 
or  potasdum-Bolts  of  the  acids  on  the  other :  e,g, : 


CHK)  + 

Bensoio 

hydride. 

KHO 

■■ 

CrH»KO« 

Benioateof 
poUssium. 

C«*H«0    + 

Cumlool. 

KHO 

■* 

Cuttinate  of 
potassium. 

Anylic 
alcohol. 

EHO 

■■ 

0»H»XO» 
Valerate  of 
potassium. 
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(TOKJl  +     KHO     «    KCl  +  (C^»)HO 

Chloride  of  Eihyllc 

ethyl.  alcohol. 

(rHH)ci  +  2b:ho   -  kci  +  c»h»ko«  +  h«o. 

Chloride  of  Benaoate  of 

bensoyl.  poUsslum. 

The  chlondea  and  bromides  of  diatomic  alcohol-radicles  (ethylene,  amylene,  &c.) 
are  resolved  under  the  influence  of  alcoholic  potash  into  hydrochloric  acid  and  aide- 
hydic  chlorides ;  €,g, : 

C«HH}1«    -    Ha  +   C«H«CL 

Amides  (nitrides  of  acid-radides)  are  for  the  most  part  attacked  by  boiling  potash, 
giving  off  ammonia  and  yielding  potassium-salts  of  the  corresponding  acids ;  t.g,  : 

C'HH).H«N  +  KHO     -     H*N  +  (TH'KO*. 
Bensamide.  Bensoate  of 

potassiom. 

Alcoholic  cyanides  boiled  with  potash  gi^e  off  ammonia  and  are  conyerted  inlo 
potassium-salts  of  fatty  acids ;  e.ff, : 

C^».CN  +  KHO  +  H«0     -    BTH*  +  C»H»KO«. 

8.  OxidaHon  with  evolution  of  hydrogen.  This  reaction  takes  place  especially  with 
alcohols  and  aldehydes ;  thus : 

+  H«. 

+  H«. 

+  2IP. 

Common  alcohol  and  aldehyde  are  in  like  manner  converted  into  acetic  acid  when 
dropped  upon  potash-Hme. 

When  tne  salts  produced  in  these  reactions  are  heated  to  a  temperature  higher  than 
that  at  which  they  are  formed,  secondary  products  are  obtained ;  tnns  acetate  of  potas- 
sium may  be  resolved  into  carbonate  and  marsh-gas :  C^*KO' + KHO  »  CK*0*  +  CH^ ; 
formate  of  potassium  into  oxalate  and  hydr^n :  2CHK0*  -  C*KH)*  +  H' ;  the 
oxalate  into  carbonate  and  hydrogen :  CKK>«  +  2KH0  -  2CKK)*  +  H*,  &c. 

Compound  ethers  also  yield  oxidised  products  when  they  are  fused  with  potash-lime 
instead  of  being  treated  with  alcoholic  potash  (Dumas  and  St  as,  Ann.  Ch.  Phys. 
IxxiiL  161).  They  then  give  off  hydrogen  and  yield  two  kinds  of  products,  the  first 
derived  from  the  acid,  the  second  from  the  alcohol,  as  if  the  alkali  had  oxidised  the 
acid  and  alcohol  separately.  In  this  manner,  ethylic  oxalate  yields  acetic  add  deriyed 
from  the  alcohol,  and  carbonic  add  from  the  oxalic  add. 

Like  most  oxididng  agents,  potash  often  splits  up  organic  bodiesi  especially  at  yeir 
high  temperatures,  tddng  frt>m  them  the  carbon  and  ox}[gen  necessarr  to  convert  it 
into  carbonate.  Highly  oxidised  bodies,  such  as  fixed  adds^  and  fixed  neural  sub- 
stances (sugar,  gum,  staveh,  woody  fibre,  &c.)  are  easily  attacked  by  ftised  potash, 
often  yielding  carbonate  and  oxalate  of  potassium,  and  giving  off  hydrogen  ffas.  Some 
adds  are  resolved  by  this  mode  of  oxidation  into  two  other  acids :  thus  sue  cinie  acid 
yields  oxalic  and  acetic  adds : 

C^H)*  +  2KH0     -     aWKO'  +  C»HKO*  +  3H«. 
SuccfaUe  Acetate.  Acid 

acid.  oialate. 

The  adds  of  the  acrylic  or  oleic  series  fused  with  potash  yield  acetic  add  and 
another  &tty  acid ;  e.g, : 

C»«H«0«  +  2KH0     -    C«H»KO»  +  C»«H»»KO«  +  H«. 
Oleic  add.  AoeUta.  Palmltate. 

Azotised  bodies  (indigo^  eaffebe,  quinine,  &c.)  sulgected  to  this  mode  of  oxida- 
tion widi  alkaline  hydrates  give  off  ammonia  or  other  volatile  alkalis;  such  as  methyla- 
mine,  aniline,  diinoline,  &c.  All  nitrogenous  oif^anic  bodies  heated  to  low  redness 
with  hydrate  of  potasdum,  yield  cyanide  of  potassium ;  but  when  heated  to  ftill  redness 
witii  potash-Ume  (or  soda-lime)  they  all,  excepting  nitro-cempounds,  give  off  the 
whole  of  thdr  nitrogen  in  the  form  of  ammonia^    (S^  Analysis,  OsoAinc,  L  244.) 

Organic  bodies  containing  sulphur,  yield  by  fndon  with  potash,  dther  sulphide, 
sulphite  or  sulphate  of  potasdum. 
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4.  A  few  organic  bodies  nndei^  idomerie  or  polymeric  transformations  by  contact 
with  caustic  potash;  thus  furfuramide  is  converted  into  furftinne;  hydiobeccaiiiide 
into  amarine;  bitter  almond  oil,  C'H*0,  into  bensoln,  C^^H'H)'. 


I  OVf    Potassiam  heated  not  quite  to  redness  in 

Enre  hydrogen  gas,  absorbs  about  one-fourth  as  much  of  the  gas  as  it  would  have  evolved 
y  contact  with  wat«r,  and  is  converted  into  a  grey  powder,  ?HK\  without  metaJlie 
lustre  and  infusible  below  a  red  heat  (Qay-Lussac  and  Th^nard).  See  GmeUn's 
Handbook,  iii.  17. 

VOTABSXnCp  ZOBZ]>a  OF.  KI. — ^Potassium  unites  with  solid  iodine  (under 
slight  pressure,  even  at  ordinary  temperatures)  and  takes  fire  spontaneously  in  its 
vapour,  burning  with  a  violet  flame.  The  iodide  may  be  prepared  by  neutralising 
hydriodic  acid  with  potash  or  potassie  carbonate ;  by  the  action  of  iodine  on  aqo^us 
potash  or  sulphide  of  potassium ;  or  by  decomposing  other  metaJlic  iodides,  those  of 
zinc  and  iron  for  example,  with  carbonate  of  potassium. 

a.  When  iodine  is  added  to  a  solution  of  caustic  potash  till  the  liquid  begins  to 
tssome  a  brown  tint,  iodide  .and  iodate  of  potassium  are  formed,  according  to  the 
equation : 

8P  +  6KH0     -    6KI  +  KIO"  +  3HH). 

On  evaporatinff  the  solution  and  gently^  igniting  the  residue,  the  iodate  is  decomposed 
into  iocude  and  oxygen,  and  the  remaming  iodide  fuses.  Care  must  be  taken  not  to 
allow  the  temperatiure  to  rise  too  high,  as  the  iodide  volatilises  at  a  red  heat 

fi,  A  solution  of  ferrous  iodide  is  prepared  by  digesting  2  pts.  of  iodine  and  1  pL  of 
iron  in  a  stoppered  vessel  with  10  pts.  of  water  (iiL  390) ;  the  solution  is  decantea  after 
a  while  from  the  excess  of  iron ;  and  a  quantity  of  iodine  is  added  equal  to  a  third  of 
that  which  it  already  contains.  The  solution  is  then  boiled  and  carbonate  of  potassium, 
is  added  by  small  quantities  as  long  as  effervescence  ensues  and  a  precipitate  is  formi>d. 
The  solution  filtered  from  this  precipitate,  which  consists  of  feiroso-ferric  oxide  and  ia 
very  dense,  yields  on  evaporation,  crystals  of  iodide  of  potassium.  The  precipitate 
however  is  found  to  retain  a  portion  of  the  potassium^iodide  with  great  obstinacy,  so 
that  it  cannot  easily  be  removed  by  washing.  To  obviate  this  inoonvenience  D  iets 
(N.  Jahrb.  Fharm.  xviii.  205)  ignites  the  iron  precipitate  previously  to  washing. 

y.  Lie  big  (Ann.  Ch.  Pharm.  cxxi.  222)  recommends,  as  the  best  mode  of  obtaining 
pure  iodide  of  potassium,  the  decomposition  of  iodide  of  calcium  by  sulphate  of 
potassium.  To  preparo  the  calcium-iodide,  an  ounce  of  amorphous  phosphorus  is 
drenched  with  30  oz.  of  hot  water,  and  fine  pulverised  iodine  is  graduallv  added,  with 
constamt  stirring,  as  long  as  it  dissolves  wiUiout  colour  (the  quantity  thus  dissolved 
being  13^  os.).  The  colourless  liquid  is  then  decanted  from  the  slight  deposit ;  the 
latter  is  washed ;  the  imited  dear  liquids  are  mixed  to  alkaline  reaction,  with  milk  of 
lime  prepared  from  8  oe.  of  lime ;  the  solution  is  strained  off;  and  the  residue,  con- 
sisting  of  phosphate,  phosphite,  and  excess  of  hydrate  of  calcium,  is  washed.  The  solu- 
tion of  cafdum-iodide  thus  obtained  is  mixed  with  a  hot  solution  of  9  02.  crystallised 
potassium-sulphate  in  about  48  oz.  water;  the  liquid,  siter  standine  for  six  hours,  is 
strained  from  the  separated  sulphate  of  caldum ;  the  residue  is  washed  and  pressed ; 
the  liquid  evaporated  down  to  a  litre  and  mixed  with  carbonate  of  potassium  to  pre- 
dpitat«  the  remaining  portion  of  caldum;  and  the  solution,  after  the  gelatinous 
precipitate  has  become  dense,  is  filtered,  washed,  and  evaporated  to  the  czystaUising 
point.  This  process  yields  13^  oz.  of  crystallised  potassium-iodide,  and  by  evaporatioii 
of  the  mother-liquor,  3^  oz.  of  perfectly  pure  pulverulent  iodide.  Acocording  to 
W.  Squire  (Jahresb.  1862,  p.  71),  iodide  of  potassium  thus  propared  often  has  a  reddish 
colour  [from  presence  of  phosphorus?]  and  is  difficult  to  crystallise;  but  may  be 
rendered  colourless  and  easily  ciystallisable  by  previous  fusion.  [For  other  modes  of 
preparation,  see  Omelin's  Handbook,  iii.  45.] 

Iodide  of  potassium,  when  pure,  dissolves  in  six  times  its  weight  of  alcohol  ^specific 
gravity  0*83),  and  does  not  efi^rvesce  or  turn  brown  on  addition  of  hydrochloric  acid ; 
effervescence  would  indicate  the  presence  of  carbonate,  and  the  production  of  a  brown 
colour,  that  of  iodate  of  potassium,  the  brown  colour  arising  from  separation  of  iodine 
by  the  mutual  action  of  iodic  and  hydriodic  acids  (iii  300). 

Iodide  of  potassium  crystallises  in  cubes,  sometimes  dongated ;  rarely  in  octahedrons. 
The  crystals  are  sometimes  transparent,  sometimes  semi-opaque.  Specific  gravity  ■■ 
2-9084  (Earsten);  3001  (Bo u  11  ay);  2*850  (Schiff);  3'079  (Schroder).  It  is 
not  deliquescent^  has  a  sharp  taste,  and  turns  reddened  litmus-paper  slightly  blue.  It 
melts  bdow  a  red  heat,  and  when  exposed  to  the  air,  volatilises  undMomposed  at  a 
moderate  red  heat. 

Iodide  of  potasdum  is  very  soluble  in  water,  and  in  dissolving  produces  a  consider- 
able full  of  temperature,  sometimes  amounting  to  24^.     It  dissolves  in  0735  pU  watef 
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at  12*6<>  and  in  0*709  pt  at  16o  (Baup);  in  0*7  pt  at  18^  and  in  about  0*46  pt.  at 
120^(Gaj-Lu8Bac).  A  saturated  solution  boils  at  120^  (Baup).  The  following 
table  exhibits  the  expansion  by  heat  of  aqaeous  solutions  of  potassium-iodide  of  various 
degrees  of  concentration,  as  determined  bjrKremers  (Fogg.  Ann.  criiL  115 ;  Jahresb. 
1859,  p.  49): 

Volumes  of  Aqueous  Iodide  of  Potastivm  ai  different  temperatures  (toI.  at  19*5**  "1). 


Quantity  ofialt  In  100  ptt. 
water. 

S8S 

661 

9S-6 

135*8 

Spceiflc  gravity  at  I9*a". 

1*1856 

1-3445 

15144 

1*6818 

0° 
19*6 
40 
60 
80 
100 

0-99422 
1-00000 
1-00843 
101856 
1*03039 
1-04388 

0-99231 
1-00000 
1*00969 
102017 
1-03195 
1-04500 

0*99127 
100000 
101016 
1*02090 
1-03247 
104487 

? 
1-00000 
101022 
1-02085 
103022 
104876 

Iodide  of  potassium  dissolves  at  12*5^  in  6-5  pts.  alcohol  of  specific  gravity  0*85, 
and  at  13*5°  in  39 — 40  pts.  of  absolute  alcohol;  hot  alcohol  dissolves  a  much  larger 
amount,  and  deposits  it  in  needles  on  cooling. 

Chlorine,  with  the  aid  of  heat>  decomposes  iodide  of  potassium  into  chloride  of 
potassium  and  iodine.  From  a  solution  in  2  pta.  of  water,  chlorine  sas  throws  down 
iodine  at  first ;  but  this  disapp^^ars  again  when  more  chlorine  is  added,  a  compound  of 
trichloride  of  iodine  with  chloride  of  potassium  being  formed,  which  colours  the  liquid 
yellow,  and  yields  an  abundant  crop  of  crystals.     (Filhol.) 

The  brownish-yellow  colour  produced  by  chlorine  is  visible  in  a  diluted  solution  to 
the  extent  of  1  pt.  of  iodide  of  pota^ium  in  3000  pts.  of  water ;  the  same  reaction  is 
produced  by  sulphuric  and  nitric  acid,  in  a  solution  of  1  pt.  in  6000  pts.  of  water. 
(Sec  Iodides,  iii.  287.) 

Iodide  of  potassium  evaporated  with  nitric  acid,  is  entirely  converted  into  nitrate 
(SeruUas).  When  it  is  heated  with  nitrnte  of  ammonium,  iodine  is  abundantly 
evolved,  with  production  of  a  brown  colour.  It  is  easily  decomposed  by  nitrous  acid, 
which  sets  the  iodine  free.  On  adding  nitrite  of  potassium  to  a  solution  of  the 
iDdide  acidulated  with  hydrochloric  acid  and  mixed  with  starch -paste,  a  dark-blue 
colour  is  produced,  instantly  in  strong  solutions,  after  a  few  seconds  in  very  dilute 
solutions  (D.  S.  Frice,  Chem.  Soc.  Qu.  J.  iv.  155).— By  fusion  with  chlorate  of  potas- 
sium, the  iodide  is  converted  into  iodate  ;  heated  with  nitrate  of  potassium  or  nitrate 
of  barium,  it  yields  a  small  quantity  of  iodate  of  potassium  or  barium,  together  with 
peroxide  of  barium  in  somewhat  laiger  quantity  (0.  Henry,  J.  Fharm.  xviii.  345). 
In  the  vapour  of  stUphuric  anhydride,  it  turns  reddish-brown,  and  produces  sulphate 
of  potassium,  sulphurous  anhydride  and  iodine  (H.  Rose,  Fogg,  xxxviii.  121) ; 

2KI  +   2S0«     -     K«SO«  +  SO*  +  P. 

When  distilled  with  dilute  sulphuric  acid,  it  yields,  first  hydriodic  acid,  then,  on 
further  concentration,  iodine  which  dissolves  in  the  hydriodic  acid,  and  sulphurous 
anhydride  which  passes  ovw  with  the  water  and  iodine,  and  is  converted  into  sulphu- 
ric acid.  Heated  with  j)eroxtde  o''  manganese  and  sulphuric  acid,  it  gives  iodine  only, 
no  sulphurous  acid.  A  mixture  of  equal  parts  of  iodide  of  potassium,  common  salt, 
nitre,  and  sulphuric  acid,  yields  chloride  of  iodine  as  the  principal  product  (Soubei- 
ran).  Steam  passed  over  iodide  of  potassium  heated  to  redness,  causes  the  evolution 
of  a  large  quantity  of  hydriodic  acid  gas ;  the  residue  is  alkaline  (Schindler,  Mag. 
Fharm.  xxxi.  33).  A  mixture  of  iodide  of  potassium  and  sal-ammoniac  yields,  when 
heated,  free  iodine,  and  iodide  of  ammonium,  whilst  iodide  and  chloride  of  potassium 
remain  behind.  The  mixture  remains  unaltered  in  dry  air,  but  in  moist  air,  slowly 
absorbs  water  and  becomes  brown  through  the  decomposition  of  the  iodide  of  ammonium. 

A  concentmted  solution  of /erricyantde  of  votassium  separates  iodine  from  iodide  of 
potassium ;  a  dilute  solution  does  not ;  and  the  iodine  separated  in  the  former  case  is  taken 
upjigain  on  diluting  the  liquid,  the  reaction  represented  by  the  equation  2K'Fe'*Cy'  + 
2KI   «  2K^Fe"Cy*  +  I*  taking  place  one  way  or  the  other  according  to  the  strength 
of  the  solutions.    (C.  Mohr,  Ann.  Ch.  Fharm.  cv.  57;  Jahresb.  1858,  p.  99.) 

Iodide  of  potassium  is  much  luted  in  medicine ;  it  is  not  poisonous  even  in  doses  of 
several  drachms.  Its  solution  is  also  employed  as  a  vehicle  for  iodine  itself,  20  grs. 
of  iodine  and  30  grs.  of  the  iodide  being  usually  dissolved  together  in  an  ounce  of 
Writer.    The   solution  thus  obtained,  which  haa  a  dark-bmwn  colour,  is  sometimes 

Vol.  IV.  Z  Z 


706  POTASSIUM:  NITRIDE— PHOSPHIDE. 

sapposed  to  oont&iii  a  di-iodide  of  potassium ;  but  as  the  exeesB  of  iodine  is  euily 
remoTed  from  it  by  sulphide  of  carbon,  this  view  is  not  yery  probable. 

Iodide  of  potassium  unites  with  many  other  metallic  iodides,  forming  doable  salts ; 
these  are  described  under  the  respective  metals.  A  compound  of  iodide  and  ferricya- 
nide  of  potassium,  KI.K'Fe^Cy*,  is  obtained  as  a  golden-yellow  crystalline  powder  by 
the  action  of  iodine  on  a  warm  solution  of  the  ferrocyanide.  (Preuss,  Ann.  Ck. 
Pharm.  xxisL  823.) 

VOTA88ZVM,  VXTmznil  or.     Tripotassamide,  K'N  (p.  695). 

rOTAftsriFlCt  OXZ3DB8  OF.  Potassium  forms  three  oxides,  a  protoxide 
K'O,  a  dioxide  K*0',  and  a  tetroxide  K^O*.  A  erey  suboxide  is  said  also  to  be 
formed  during  the  gradual  oxidation  of  the  metal  in  dry  air,  but  it  is  probably  only  a 
mixture  of  the  protoxide  with  potasHium. 

Protoxide  of  Potassium  or  Anki/droiisPoiashf^O^iB  formed.:  1.  "When  potjia- 
aum  in  thin  slices  is  exposed  at  ordinary  temperatures  to  air  free  from  moisture  and 
carbonic  anhydride. — 2.  By  heating  potassium  with  various  metallic  oxides,  also  with 
carbonic,  boric,  silicic,  sulphuric  anhydride,  &c. — 3.  By  heating  I  at  potassium  with  1  at. 
of  the  hydrate : — 

2KH0   +  K«     -     2K«0   +  H?. 

Protoxide  of  potassium  is  white,  very  deliquescent  and  caustic;  combines  energetically 
with  water,  becoming  incande<soent  when  moistened  with  it ;  melts  at  a  red  heat  and 
Tolatilises  at  very  high  temperatures. 

Tetroxide  or  Peroxide  of  Potassium^  K*0*. — This  oxide  is  obtained,  mixed 
however  with  variable  quantities  of  the  protoxide,  when  potassium  is  burnt  in  dry  air 
or  oxygen  gas.  Gay-Lussac  and  Th<inara,  who  examined  the  peroxide  thus  formed,  as- 
signed to  it  the  composition  K'O*,  but  their  determinations  did  not  agree  well  with 
one  another.  To  obtain  a  definite  product,  it  is  necessary  to  expose  perfectly  pure  and 
clean  potassium  to  a  moderate  heat,  first  in  a  current  of  dry  air,  then  in  dry  oxygen 
gas ;  if  the  metal  is  at  once  exposed  to  the  action  of  pure  oxygen,  great  heat  is  evolved, 
and  the  peroxide  melts  and  attacks  the  glass  vessel 

Tetroxide  of  potassium  is  a  chrome-yellow  powder  which  cakes  together  at  about  280®. 
It  absorbs  moisture  rapidly  from  the  air,  and  is  decomposed  by  waUr^  giving  off 
2  at.  oxygen,  and  forming  a  solution  of  dioxide  of  potassium,  K^O*.  When  heated  in 
a  «7«w  boat  in  an  atmosphere  of  nitrogen,  it  is  reduced  to  protoxide,  oxide  of  silver 
being  also  formed  and  2  at.  oxygen  given  off  as  gas : — 

K«0<  +  Ag«     =     K*0   +  Ag«0  +   0«. 

When  heated  with  sulphur^  it  deflagrates  violently;  but  when  sulphur-vapour  is 
passed  over  the  tetroxide  gently  heated  in  an  atmosphere  of  nitrogen,  a  portion  of  it 
(in  one  experiment  nearly  the  whole)  is  converted  into  sulphate  of  potassium  KO*S; 
generally  however  the  excess  of  sulphur  exerts  a  reducing  action,  forming  sulphurous 
anhydride  and  sulphide  of  potassium.  The  tetroxide  gently  heated  in  a  stream  of  car^ 
Ao«icoj:f</^,  yields  carbonate  of  potassium  and  2  at.  oxygen,  K-O*  +  CO  «  CK*0*  +  O*. 
With  carbonic  anhydride^  a  similar  action  takes  place,  with  evolution  of  3  at.  oxygen. 
With  nitric  oxide^  it  forms  nitrate  and  nitrite  of  potassium,  together  with  nitric  peroxide: 

K«0*  +  8N0     -     KNO»  +  KNO«  +   NO«. 

Nitrous  oxide  does  not  act  upon  it    (A.  Vernon  Harcourt,  Ghem.  Soc  Qu.  J. 
xiv.  267.) 

Dioxide  of  Potassium,  K*0*,  is  formed  at  a  certain  stage  in  the  preparation  of  the 
tetroxide,  but  has  not  been  obtained  in  perfectly  definite  form.  By  carefully  regulating 
the  heat  and  the  supply  of  air,  nearly  the  whole  of  the  potassium  may  be  converted 
into  a  white  oxide  exhibiting  nearly  the  composition  of  the  dioxide ;  but  before  the 
metal  has  quite  disappeared,  some  portions  of  it  are  always  converted  into  the  yelloW 
tetroxide.  An  aqueous  solution  of  the  dioxide  is  formed,  as  already  observed,  by  the 
action  of  water  on  the  tetroxide.    (Harcourt.) 

POTASSXITMf  PBOSPBZSa  OF. — Potassium  and  phosphorus  unite  when 
heated  together  in  nitrogen  gas,  the  combination  being  attended  with  evolution  of  light 
and  heat.  Under  naphtha  the  action  takes  place  without  combustion,  merely  causing 
the  liquid  to  boil.  To  obtain  the  pure  phosphide,  potassium  must  be  heated  with 
excess  of  phosphorus  in  a  stream  of  hydrogen  till  flame  is  produced,  and  further  till  the 
mass  of  phosphorus  is  volatilised  (H.  Rose,  Po^.  Ann.  xii.  547).  It  is  a  copper- 
red,  crystalline  substance  having  a  metallic  lustre.  It  burns  rapidly  when  heated  in 
the  air,  forming  phosphate  of  potafisium,  and  is  decomposed  by  water,  yielding  hypo<i 
phosphite  of  potassium,  phosphorettcd  hydrogen  gas,  and  solid  phosphide  of  hydrogen. 
(H.  Kose.) 
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18  OV« — CcmpoandB  of  seleninm  and  potaamwin  in 
Tarious  propordoDs  are  obtained :  1.  By  direct  combination.  2.  By  igniting  selenite 
or  selenate  of  potuMium  with  hydrogen  or  charcoal.  3.  By  fusing  selojiium  with 
hydrate  or  carbonate  of  potaaainm,  selenite  of  potassium  being  formed  at  the  same  time. 
The  products  thus  formed  are  g^y  or  brown  masses  which  dissolve  in  water,  forming 
a  solution  from  which  acids  eliminate  gaseous  selenide  of  hydrogen,  and  precipitate 
selenium  if  that  element  is  in  excess.  A  solution  of  selenide  of  potassium  may  also  be 
formed  by  boiling  selenium  for  a  long  time  in  aqueous  potash.  All  the  solutions  of 
potassium-selenide  haye  a  hepatic  taste,  and  on  exposure  to  the  air,  deposit  selenium 
in  the  form  of  a  red  powder. 

FIITASSnVBCf  8IXJICZJ>B  OVa — The  two  elements,  when  heated  together,  unite 
without  perceptibVs  incandescence.  The  compound  containing  a  larger  proportion  of 
potassium  than  silidum  is  dark  greyish-brown,  and  dissolves  entirely  in  water,  with 
evolution  of  hydrogen  gas,  gelding  silicate  of  potassium ;  the  compound  with  more  sili- 
cium  than  potassium — obtained  by  decomposing  fluoride  of  silicium  with  potassium,  and 
also  by  strongly  igniting  the  first  compound — leaves  a  residue  of  silicium  when  digested 
in  water.  When  vapour  of  potassium  is  passed  over  ignited  silica,  silicate  and  silicide 
of  potassium  are  produced,  and  dissolve  in  water  without  leaving  any  residue.  But  if 
the  greater  part  of  the  potassium  be  previously  expelled  at  a  strong  red  heat,  and  the 
remaining  vitreous  mass  digested  in  water  and  then  in  hydrofiuoric  acid,  a  small  quantity 
of  silicium  is  left  behind. 

VOTASSIUBB,  SSLZCOlXVamSBB  or.  X*SiF*  «  2EF.SiF«.~0btained  by 
adding  hydrofluosilicic  acid  to  a  potassium-salt,  as  a  transparent  gelatinous  precipitate, 
which  dries  up  to  a  white  earthy  powder.  It  is  one  of  the  least  soluble  of  the  sa-ts  of 
potassium ;  consequently  hydrofluosilicic  add  is  sometimes  used  to  separate  potassium 
from  its  solutions,  as  in  the  preparation  of  chloric  acid  from  chlorate  of  potassium. 

VOTASBZVBIf  SmLVBXBBS  OF.  Potassium  heated  in  sulphur-vapour 
readily  takes  fire  and  bums  with  great  brilliancy.  It  unites  with  sulphur  in  five  dit'« 
ferent  proportions,  viz.  K*S,  K^«,  K*S*,  K«S*,  and  K*S». 

ProtosulphidBf  K'S.— It  is  doubtful  whether  this  compound  has  been  obtained  in  the 
pure  state.  It  is  commonly  said  to  be  produced  by  heating  sulphate  of  potassium  in  a 
current  of  dry  hydrogen,  or  by  igniting  the  same  salt  in  a  covered  vessel  with  finely 
divided  charcoal;  but  according  to  Bauer  (J.  pr.  Chem.  Ixxv.  246  ;^  Jahresb.  1858,  p. 
116),  one  of  the  higher  sulphides  is  always  formed  at  the  same  time,  together  with 
oxide  of  potassium.  The  product  has  a  reddish -yellow  colour,  ia  deliquescent,  and  acts 
as  a  caustic  on  the  skin.  When  sulphate  of  potassium  is  heated  in  a  covered  crucible 
with  excess  of  lamp-black,  a  mixture  of  sulphide  of  potassium  and  finely  divided  carbon 
is  obtained,  which  takes  fire  spontaneously  on  coming  in  contact  with  the  air.  The 
protosulphide  might  perhaps  be  obtained  pure  by  heating  1  at,  sulphydiate  of  potassium, 
KHS,  with  1  at.  of  the  metal. 

When  sulphydric  acid  gas  is  passed  to  saturation  into  a  solution  of  caostie  potash,  a 
solution  of  the  sulphydrate  is  obtained,  which  is  colourless  at  first,  but  if  exposed  to 
the  air,  quickly  absorbs  oxygen,  and  turns  yellow  in  consequence  of  the  formation  of 
disulphide :  2KHS  +  O*  =>  K«S«  +  H'O.  If  a  solution  of  potash  be  divided  into 
two  eoual  parts,  and  one  half  be  saturated  with  sulphydric  acid,  and  then  mixed  with 
the  other,  s  solutioo  is  formed  which  may  contain  protosulphide  of  potassium :  KHS 
+  KHO  =  K*S  +  HH)  ;  but  it  is  also  possible  that  the  hydrate  and  the  sulphydrate 
may  mix  without  mutual  decomposition.  The  solution  when  mixed  with  one  of  *t® 
stronger  acids,  gives  off  sulphydric  acid  without  deposition  of  sulphur,  a  reaction  which 
is  consistent  with  either  view  of  its  consititution. 

Disulphide  of  Potassium,  K*S«,  is  formed,  as  already  observed,  on  exposing  a 
solution  of  the  sulphydrate  to  the  air  till  it  begins  to  show  turbidi^.  By  evaporation 
in  a  vacuum,  it  is  obtained  as  an  orange-coloured,  easily  fusible  substance. 

The  <rt«M/j3Afdf,K«S",is  obtained  by  passing  the  vapour  of  carbonic  disulphide  orer 

ignited  carbonate  of  potassium  as  long  as  gas  continues  to  escape : 

2K*C0«   +    8CS*     -     8K«S«  +   4C0   +   CO«; 
also,  t<«ether  with  sulphate  of  potassium— forming  one  of  the  mixtures  called  liver  of 
sulphur— hj  melting  69  pts.  (4  at.)  carbonate  of  potassium  with  40  pts.  (10  at.)  sulphur 

(p.  708):  4K2CO«  +  8'«     -     K«SO*  +  3K'S«  +   4C0«. 

The  titrasulphide,  K«S«,  is  formed  by  reducing  sulphate  of  potassium  with  the 
vapour  of  carbonic  disulphide.  ,    ,        -  **«  j* 

The  pentasulphidf,  K*S»  is  formed  by  boiling  a  solution  of  any  of  the  preceding 
sulphides  with  excess  of  sulphur  till  it  is  saturated,  or  by  fusing  either  of  them  in  the 
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^ry  state  with  sulphur.  The  excess  of  sulphur  then  sepamtes  and  floats  abore  the  dark 
liver-brown  pentasalphide. 

All  the  sulphides  of  potassium  are  brown  or  yellow-brown  solids,  having  an  alkaline 
reaction  to  test  paper,  and  smelling  more  or  less  distinctly  of  sulpbydric  acid.  Acids 
decompose  them,  with  evolution  of  sulphydric  acid  gas,  attended,  in  the  case  of  all  but 
the  protosul  ihide,  with  the  precipitation  of  white,  finely  divided  sulphur  (milk  of 
sulphur).  On  adding  the  pentasnlphide  to  an  excess  of  hydrochloric  acid  of  specifie 
gravity  about  M,  persulphide  of  hydrogen,  H*S*(iii.  204),  is  separated  as  an  oily  liquid. 
The  solutions  of  the  higher  sulphides  become  colourless  on  exposure  to  the  air,  the 
sulphide  being  oxidiseii  to  hyposulphite  and  the  excess  of  sulphur  separated.  When 
u  flulution  of  caustic  potash  is  boiled  with  sulphur,  a  decomposition  ensues  similar  to 
that  wh  ch  occurs  when  hydrate  of  potassium  and  sulphur  are  fused  together ;  a  deep 
reddish  liquid  is  then  fuAned  containing  hyposulphite  of  potassium  and  one  of  the 
higher  sulphides :  e.g. 

6KH0  +  S'«     =     K  S^H  O*  +  2K«S»  +   2H«0. 

Livir  of  SitiphuTf  Hepar  aiifphuris  salinum  ».  alealinunij  which  is  prepared  by 
gently  heating  sulphur  with  carbonate  of  potassium  in  closed  vessels,  e.g,  in  covered 
eartlien  or  cast-iron  crucibles, — but  freest  from  impurity,  in  glass  flasks, — consists  of 
trisulphide,  penta-sulphide  and  intermediate  sulphides  of  potassium,  according  to  the 
proportions  employed,  mixed  with  sulphate  and  often  at  the  same  time  with  carbonate 
of  potassium.  6fl  pts.  (4  at.)  carbonate  of  potassium  and  40  pts.  (10  at.)  sulphur  yield 
a  mixture  of  1  at.  sulphate  and  3  at.  sulphide  of  potassium  (p.  707).  When  less 
sulphur  is  used  and  a  lower  heat  applied,  the  product  likewise  contains  undecomposed 
carbonateof  potassium ;  if  the  heat  be  stronger,  the  trisulphide  changes  to  the  disulphide, 
and  a  larger  quantity  of  potassic  carbonate  is  decomposed.  Lastly,  if  the  amount  of 
sulphur  exceeds  10  at,  the  excess  converts  the  disulphide  into  tetra-  or  penta-sul- 
phide of  potassium.  4  at.  carbonate  of  potassium  require  16  at.  of  sulphur  to  form 
pentasnlphide.  Consequently,  for  69  pts.  carbonate  of  potassium,  40  pts.  of  sulphur 
is  the  smallest  quantity  that  can  be  used,  and  this  produces  tri-sulphide  of  potassium  ; 
64  pts.  is  the  largest-,  penta-sulphide  being  produced ;  any  excess  of  sulphur  beyond 
this  volatilises  without  entering  into  combination.  In  the  common  proportion  of  2  pts. 
of  carbonate  of  potassium  to  1  pt.  of  sulphur,  the  quantity  of  sulphur  is  therefore  too 
small. 

POTASSZma,  SXIXPBOCASBOVAn  or.     See  SuLPHocARBONAras. 

POTABSZUM,  BmbVHOCTAVATB  or.     See  Sulphocyanatks. 

POTASSZUaK,  BV&PBOMOZiTaDATa  OF.  See  Molybdenum,  Sui:phidb8 
OF  (iii.  1044.) 

POTJlSBZVM,  BV&PHOPBOBPBATB  and  BV&PB0PB08PBXTB  OP. 

See  Phosphobcs,  Sulphides  of  (pp.  603,  604). 

POTABBZUM,  BUXiPBOTWOBTATB  and  BV&PBOVABABATB  OP. 

See  Tungsten  and  Vanadium,  Sulphides  of. 

POTABBZUHK,  BV&PBTBBATB  OT.  KHS  or  £*S.H^— Formed,  with 
liberation  of  1  at.  hydrogen,  when  1  at.  potassium  is  heated  in  1  at,  sulphydric  acid  gas, 
e.g.  when  200  c.  c.  of  the  gas  are  decomposed  by  a  quantity  of  potassium  capable  of 
evolving  100  c.c.  of  hydrogen  from  water :  2H'S  +  K«  -  2KHS  +  H*(Gay-Lussac 
and  Th^nard);  also  by  passing  sulphydric  acid  gas  over  carbonate  of  potassium 
at  a  low  red  heat  as  long  as  water  and  carbonic  anhydride  continue  to  pass  off 
(Berzelius): 

K«CO»  +   2H»S     »     2KHS  +   C0«  +  H«0. 

It  is  white  if  air  has  been  excluded  during  its  preparation,  yellowish  in  the  oontraiy 
case ;  crystalline ;  black  when  melted.  It  is  decomposed  by  dilute  acids,  with  evolution 
of  sulphydric  acid.  If  heated  with  1  at.  potassium,  it  would  probably  yield  the  pure 
protosulphide :  2KHS  +  K«  «  2K*S  +  H«.  The  same  compound  u  obtained  in 
solution  by  saturating  aqueous  potash  with  sulphydric  acid  (p.  707). 

POTABVZimCt  TBli]LUBZ]>B  OF.  Formed  by  heating  tellurium  with  potas- 
sium in  an  atmosphere  of  hydrogen ;  by  heating  telluric  oxide  with  2  pts.  hydrate 
of  potassium  and  1  pt.  charcoal ;  and  by  passing  the  current  of  a  powerful  voltaic 
battery  through  a  solution  of  potash  with  tellurium  for  the  negative  pole.  The  com- 
pound obtained  by  the  first  method  is  dark  copper-coloured,  brittle,  hfts  a  crystalline 
fracture,  and  doe«  not  melt  below  a  red  heat ;  tliat  obtained  by  the  second  has  the  colour 
of  nickel,  while  the  thii-d  yields  a  steel-grey,  brittle  compound  much  more  fusible  than 
pure  tellurium.  Telluridc  of  potjutsium  dissolves  in  water,  forming  a  purple  solution 
which  becomes  colourless  and  de|K>Kit.s  tt'Hiirinni  on  exposure  to  the  air,  and  gives  oflT 
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tellnride  of  hydrogen  when  treated  with  acids.     A  s'milar  solution,  but  containing  also 
ttiUiirite  of  potussium,  is  formed  by  boiling  tellurium  in  aqueous  potash.  (Berzelius.) 

POTASSZtrikS-BTBirXN  CH^E,  and  FOTASSZUIIE-MSTayi^,  CIPK,  are 
obtained  in  combination  with  zinc  ethyl  and  zinc-mi'thyl,  by  treating  those  compounds 
with  potassium;  they  are  not  known  in  the  separate  state.  Iheir  reactions-  are 
precisely  analogous  to  those  of  the  corresponding  sodium-compounds  {q.  v.). 

FOTAS8ZUM-8A&T8,  WLAXVTJLOTUMM  OF.  The  sources  of  potassium 
have  been  already  enumerated.  Formerly  nearly  all  tlie  potash  used  in  the  arts  and 
manufactures  was  obtained  from  the  ashes  of  land-plants ;  but  of  late  yetirs  the  in- 
creasing demand  for  potash  for  the  preparation  of  various  compounds  in  which  it  has 
not  yt^t  been  found  posi>ible  to  replace  that  alkali  by  soda,  namely  the  chlorstes, 
prussiates,  ciiromates,  &c.,  and  more  especially  of  saltpetre  for  the  manufacture  of 
gunpowder  —also  as  a  manure  for  the  cultivation  of  various  plants  (vine,  beet,  cereals, 
&c.) — has  led  to  the  invention  of  several  processes  by  which  potassium- sslts  may  be 
obtained,  either  directly  from  mineral  sources,  or  from  the  waste  products  of  manu- 
facturing .operations.  It  must  be  observed,  however,  that  the  incinenition  of  laud 
plants  has  the  advantage  of  yielding  the  alkali  in  the  form  of  carbonate,  which  may 
easily  be  converted  into  the  other  salts  by  neutralisation  with  the  respective  acids,  or 
into  caustic  potash  by  boiling  with  lime  (p.  700),  and  thus  at  once  rendered  available 
for  the  manufacture  of  soap,  and  the  various  other  purposes  for  which  a  caustic  alkali 
is  required,  whereas  the  otiier  sources  yield  the  potHssinm  for  the  most  part  in  the  form 
of  chloride  or  sulphate,  thst  is  to  say  in  a  form  resembling  the  crude  material  in  Le 
Blanc's  process  for  the  preparation  of  soda,  and  requiring  a  complicated  series  of  opera- 
tions to  convert  it  into  carbonate  or  caustic  alkali.  For  some  purposes  however,  the 
preparation  of  nitrate  of  potassium  for  example,  the  chloride  of  potassium  is  at  once  avail- 
able, without  previous  conversion  into  carbonate. 

The  sources  from  which  potassium-salts  are  at  present  obtained  are  the  following: 

I.  The  ashes  of  Land  plants.  IV.  Felcpar  and  other  Silicates. 

II.  The  ashes  of  Marine  plants.  V.  The  Wool  of  iSheep. 

III.  Sea-water,  Brine-springs,  and  Saline  deposits. 

I.  Manufactubb  of  Cabbonatv  of  Potassitjh  fbom  thb  Asses  of  Tikbbr 

AND  OF  Land  Plants  in  obnbrai.. 

The  ashes  obtained  from  plants  of  different  species  exhibit  very  great  diversities 
of  quantity  and  composition ;  but  the  chief  constituents  are  always  the  carbonates, 
chlorides,  sulphates,  phosphates,  and  silicates  of  potassium,  sodium,  calcium,  magnesium, 
and  iron :  the  carbonates,  which  generally  constitute  bv  far  the  larger  proportion  of  the 
ash,  are  produced  by  the  decomposition  of  organic  salts  of  the  several  bases  (see  Ask 
OF  Organic  Bodibs,  i.  416).  The  following  tables  will  give  an  idea  of  the  great  differ- 
ences in  the  total  amount  of  ash  and  the  proportion  of  potash  yielded  by  various  plants : 

H  o  8  8 :  Analyses  from  1,000  parU, 

Ath.    Potub(KsO). 

Pine  wood 3'40  0-46 

Beech   „ 5*80  1*27 

Ash      „ 1220  0-74 

Oak      „ 13-60  1-50 

Ehn      „ 25-50  3  90 

Willow,, 2800  2-85 

Vines 8400  650 

Ferns 36*40  425 

Wormwood 97-40  73*00 

Fumitoiy 219*00  79*90 

Abbeneand  Blengini:  Analyses  from  1,(^00  parts. 

Ath.    Potash  (KSO). 
Dahlia  with  blossoms  and  leaves     .  .        .        79*92        19-98 

„    stems  after  floweriDg  time    ....  44-67  3-60 

I,    bulbs 9916  13*44 

„    branches 23*05  2*56 

Acacia-branches 24*59  2*66 

Grape-stoDS 88*88  41*66 

Vine 46-66  12-78 

Skins  of  pressed  grapes 72*91  14*88 

Stems  of  a  duster  of  grapes •    .  89*81 

Ozape-stones •        .        .          .    .  9*50 

Men  extensive  tables  will  be  found  in  Bichardson  and  Watts's  Chemical  Technology ^ 
i.  [3]  440^458. 
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1.  Poiia\/rom  the  ath  of  Forttt-timbtr. 

It  »ill  be  8Wn  from  the  eiaroples  above  giveo  that  the  proportion  of  potub  in  hw- 

baceoiu  pluita  il  mndi  greatar  thtui  in  tnree ;  and  accordingly  it  hae  been  pn>pc««d  to 

grow  Buch  pUnte  (ironnnrood,  taney,  marigold,  &c.)  fur  ihp  sol"  purpose  of  eilrartiog 

C'.ub  from  their  itahee.  Bat  auch  a  plaa  can  arldom  be  profitably  carried  oat :  fur  time 
t-BPOwing  plaDta,  eicept  onder  very  peculiar  circumHtanees,  hood  eihaust  (he  lul 
of  aU  it«  available  potaih.  Forest  ti^ea,  on  the  othc-r  liand,  during  their  roniparalivelj 
alow  growth,  aie  able  to  avail  thetnselrea  of  the  potash  which  in  supplied  to  the  Kul  bj 
the  gradnal  decomposilioo  of  fcUpar,  clay,  &c,,  Hud  thux  a  coQtinaoua  growth  is  kept 
up  without  ojthauslion  of  the  soil.  It  Is  therefore  from  forest  trees  that  potaah  ii 
prinripally  obtAJaed,  the  manufiieture  being  carried  an  in  countries  where  eitenuie 
KireatA  pravall,  aa  in  North  America,  Kuasia,  Sveden,  Germuny,  aud  aome  put*  of 
TaecanT  and  France. 

The  iDciDenttion  ie~ effected  either  in  pits,  sank  into  tlio  ground  to  a  depth  of  three 
or  four  feet,  or  the  plants  nod  timber  are  arranged  in  piles  on  the  ground.  &uh 
qaantitiea  of  timber  Wing  added,  in  either  case,  until  a  heap  of  ashea  is  obtained. 
The  iixination  of  the  aahea. — The  ash  is  siftr-d  from  the  coal  and  charred  wood,  tho- 
roughly moialened  and  filled  inlotwo  niwiof  common 
JVj.  7*1.  wooden  ciaterns  or  hnlf  barrels  Ify.  7*1),  the  twonm 

being  arranged  one  aborethe  other,  with  a  third  row 
ofemptj  cist.'ms,  or  wills,  on  a  still  lower  level     The 
cisterns  have  false  (sieve-like)  bottoms  covered  with 
straw,  from  wliich  the  lye,  when  soffidently  attODg, 
is  drawn  into  the  evaporating  pans.     The  method  of 
liiiviation,  generally  with  cold,  sometimes  with  hot 
water,  is  similar  to  thai  practiaed  in  alkali-wo^i. 
Tbeupper  towof  cisternB  is  first  filled  with  water  on 
the  top  of  the  firmly  pressed  down  ash.  and  dmwD 
'   when  the  lixiviation   is  complete;    they  are  then 
refilled  and  the  weak  lye  is  run   into  the  first  ash- 
cislero  of  the  second  row,  whence  it  alw  issues  in  a 
fit  state  of  aatoration  for  boiling ;  thifa  system  is  continued  in  rotation,  every  fnah 
portion  of  water  coming  at  Ust  in  contact  with  a  fretih  portion  of  ash.     The  lye  in  its 
proper  stMe  of  satoration  should  coatain  from  20  to  26  per  cent  of  salt.     Thissimple 
and  most  effectual  method  is  however  only  one  oat  of  a  gri'»t  number,  used  in  different 
countries,  for  the  description  of  which  see  Richardson  and  Watts's  Chemual  TVcjtno- 
logg.  i.  [3]  458. 

Evaporation  of  the  lye. — The  lye,  which  Is  of  a  dark-brown  colour,  is  evaporated  in 
flat  iron  pans,  whilst  the  water  ia  constantly  replaced  by  lye  of  the  proper  strength, 
until  the  contents  of  the  pan  become  thick,  and  the  botlyequickly  solidilles  on  cooling; 
the  whole  is  then  evaporated  to  dryness  with  constant  utirriug.  The  crude  product  thas 
obtained  is  called,  from  the  mode  of  preparation,  erode  potash  or  potashes.  It 
consists  mainly  of  carbonate  of  potassium,  with  a  coniiidorablB  quantity  of  sulphate  and 
about  1  i  per  cent,  of  water. 

In  Oemiany  the  Hul[Jiate  of  potassium  is  sometimes  separated  by  allowing  it  to 
crystallise  oulof  the  liquor,  before boiliugdown.  In  Russia,  potashes  are  mwlelaigel; 
from  wood-ashea  or  the  ash  of  straw,  as  a  duty  from  the  pessanliy  to  the  catAte-ownen. 
The  lye  is  evaporated  in  flat  copper  pans  to  the  point  of  crystallisation,  and  the  owbo- 
uateofpotaaaiumdepoaita  in  brown  ciystals,  which  are  then  calcined  in  a  mufBefnTnac& 

^'S-  »*■  ush  contains  water  ^ 

empyreamatic  substancai, 
and  these  are  destroyed 
by  calcination.  The  ed- 
cining  fkimace  is  shown  in 
Jig.  742,  and  is  worked  in 
the  same  manner  as  the 
carbonalingfumacein  the 
manutitctnre  of  alkali ;  the 
crude  potash,  first  covering 
the  hearth  in  a  thin  layov 
'  is  well  paddled  and  turned, 
then  broken  down  and  tho- 
roughly eipoaed  to  the  hot 
air,  until  all  combustible 
matter  ii  destroyed  and  the  whole  mass  acquires  a  dear  and  bright  flame-rBd  heat, 
when  a  sample,  after  cooling,  will  appear  quite  white.     Careful  management  is  re- 
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qnired  throoghont  the  operation  to  preyent  the  fluxing  of  the  mass  and  to  give 
the  ash  a  bright  appearance.  The  loss  in  "weight  by  calcining  the  cnide  potash  is  from 
15  to  20  per  cent  The  calcined  product,  called  pearl-ash,  is  packed  while  still  hot, 
to  prevent  any  absorption  of  moisture.  The  ash  is  often  discoloured  by  impurities. 
In  some  manufactories,  a  muffle  furnace  is  used  instead  of  that  above  described. 

Rifling  of  Pearl-ash, — In  America  the  pearl-ash  'is  sometimes  redissolved,  the 
liquor  concentrated  and  the  less  soluble  salts  are  allowed  to  crystallise  out ;  the  clear 
liquor  is  then  evaporated  to  dryness  with  constant  stirring ;  this  ash  is  called  *'  salt  of 
tartar."  In  France  the  calcined  pearl-ashes  are  washed  several  times  with  cold  water, 
which  gradnallv  takes  up  allthe*carbonate  of  potassium,  and  the  solution  (specific  gravity 
about  1*4735)  is  evaporated  in  a  system  of  pans.  The  pearl-ash  thus  produced  is  of 
first-rate  quidity,  and  very  much  liked  in  commerce  on  acoount  of  its  granular  form. 

Commerct'al  Potashes. — There  is  a  great  variety  of  potashes,  according  to  the  locality 
where  they  are  made,  whence  they  are  imported,  &c. — The  American,  imported  in  oak 
casks  via  New  York  and  Philadelphia,  are  reddish,  sometimes  grey  and  violet,  hard,  but 
very  deliquescent ;  there  are  three  kinds,  containing  respectively  54  to  58  per  oentv, 
48  to  52  per  cent  and  30  to  45  per  cent,  of  neutral  carbonate  of  potassium,  k'CO". — 
The  white  American,  or  pearl-ash,  is  granular,  varying  in  percentage  fiom  25  to  58  per 
cent — The  Russian,  St.  Petersburg  or  Odessa,  also  called  .**Kasan"  from  being  manu- 
factured near  this  locality,  are  packed  in  poplar  casks,  and  contain  from  50  to  62  per 
cent  of  pure  carbonate. — The  Riga  potashes  are  similar,  and  vary  from  60  to  52  per 
cent — 'The  Polish  {Poiasse  de  PaiUe)  are  denser  and  huder. — The  Dantzig  resemole 
pearl-a^hes,  but  are  more  friable,  and  stand  from  50  to  60  per  cent — There  are  three 
qualities  of  the  Tuscan,  which  are  in  powder,  mixed  with  pieces  of  different  colours: 
grey  of  60  per  cent. ;  white,  harder,  of  50  to  55  per  cent. ;  and  blue  of  the  same  strength. 
— ^AU  other  potashes  are  of  a  similar  character ;  they  are  never  completely  soluble  in 
water,  and  sometimes  leave  a  considerable  residue. 

The  following  analyses  give  a  very  good  idea  of  the  composition  of  the  various  kinds 
of  commercial  potashes : 

I.  Hermann's  Analysis  of  Potashes  from  Kasan. 
Insoluble  portion. 

Lime 0*054 

Alumina 0*012 

Kanganic  add 0*013 

SiUca 0*132-0*211 

Soluble  portion. 

Carbonic  add 27*790 

Potash 47*456 

Soda 2*730 

Sulphate  of  potassium  ....  17*062 
Chloride  of  potassium  ....  3*965 
Bromide  of  potassium  ....  trace 
Phosphate  of  potassium  .  .  .  0*443 
Silica 0*a44— 99*789 

100-000 
n.  Pesiei's  Analyses  of  Commercial  Potashes. 


ConttitueDU. 

Tufcany. 

RomU. 

Amariea. 

Voifef. 

Red. 

PmtI. 
uhet. 

Carbonate  of  potassium 
Carbonate  of  sodium  . 
Sulphate  of  potassium . 
Chloride  of  potasdum  . 
Insoluble  matters 

Moisture 

Phosphoric  add,  Ume,  BiUca,  &c. ) 
and  loss  .        •       .       •        { 

74*10 
301 

18-47 
0*95 
0*65 
7*28 

0*54 

69*61 
3*09 

14*11 
209 
1*21 
8*82 

107 

68*07 
5*85 

15*32 
815 
3*35 

not  esti- 
mated 

71*38 
2*31 

14-38 
3*64 
0*44 
4*56 

3*29 

38*63 
4*17 

38*84 
9*16 
2*66 
5*84 

1*20 

100*00 

100  00 

10000 

100*00 

712 


POTASSIUM- SALTS,  MANUFACTURE  OF, 


IIL  Bley's  Analyses  of  lUyrian  Potashet, 


Carbonate  of  potassiam 78*76 

Carbonate  of  sodium  / 

Sulphate  of  sodium   ^         •         -        -        - 

Insoluble  matter 8*7o 


12-60 


82-85 

12-60 

4-65 


100-00       10000 
IV.  Van  Bastelaer^a  Analyset  of  American  and  Russian  Potashes. 


American  poUftbei. 

Conitltuents. 

Ruuiaii 
pouihei. 

1 

% 

8 

Carbonate  of  potassium      .... 

21-47 

30-43 

12-96 

60-84 

Caustic  potash 

4-46 

9-33 

21-71 

Sulphate  of  potassium         .... 

20  08 

26-06 

23-70 

17-44 

*  Chloride  of  potassium         .... 

7-66 

4-20 

•  7-89 

5-80 

Carbonate  of  sodium 

22-99 

23-90 

17-07 

1214 

Moisture  .        .         •        •        •        .        • 

9-37 

3-11 

081 

10-18 

Insoluble  matters 

14-08 

3-98 

16-86 

360 

100-00 

10000 

100-00 

100  00 

V.  Meyer's  Analyses  of  American  Potashes  (New  York). 


CoDStiturntt. 

B««t  Quality. 

Flr»t 
QuNlity. 

Second  Quality. 

Third 
Qualitj. 

Carbonate  of  potassium 
Hydrate  of  potassium    . 
Sulphate  of  pot4imium    . 
Chloride  of  sodium 
Carbonate  of  sodium     . 
Insoluble  matter  . 

43-68 

49-68 

4-07 

1-64 

0-72 

24-67 

44-43 

1614 

4-40 

4-27 

6-19 

6601 

6-61 

27-7a 

10-49 

019 

15-07 
38-69 
19-76 
6-60 
4-70 
15-86 

63-16 
4-49 

21-30 
6-37 

14-01 
1-69 

38-47 

63-34 
0-62 
603 
1-64 

99-79 

100-00 

10000       100-68 

10001 

10000 

2.  Potash  as  a  hye-froduct  from  the  manufacture  of  Beet-root  and  Cane-svgar. 

Beet-root  is  a  potash-plant,  its  ash  containing  only  in  some  few  instances  a  Luge  pro- 
portion of  soda ;  thus  Boussingault  found  in  the  two  kiuds : 

FptA  «  h  -ash .  Soda-  aoh . 

Potash    ....     48-9  ,^^  30- 

Soda       ....       7-6     "  ^""  34- 


1-2  { 


100. 


Mathieu  de  Dombasle  first  attempted  to  combine  the  production  of  sugar  with  the 
extraction  of  potash  by  incinerating  the  leaves  of  the  beet- root ;  his  plan  was  howerer  soon 
abandoned;  about  20 years  later,  Dubruufaut  suggested  that  the  uncrystallisable 
sugar  in  the  molasses  should  be  converted  into  alcohol,  and  the  potassiuih-salt-s  extracted 
from  the  residue.  This  plan,  which  has  been  adopted  on  a  large  scale  in  France  and 
Germany,  depends  on  inducing  a  fermentation  in  tne  molasses,  separating  the  alcohol 
by  distillation,  evaporating  the  residual  liquors  to  dryness,  calcining  the  solid  masa^ 
and  treating  the  pure  salts  as  described  for  ordinary  potashes. 

Molasses. — The  uncrystallisable  sugar  in  raw  beet-root  sucar  was  found  by  Moin  ier 
to  vary  from  0*12  to  3-40  per  cent.,  but  in  some  molasses  it  amounts  to  90  per  cent. 
Pay  en,  Poinsot,  and  Brunet  found  9-699  per  cent,  of  the  carbonates  of  potassium 
and  sodium  in  this  material.  K rocker  found  in  the  mineral  matter  left  by  the  indn- 
oration  of  the  molasses : — 


K«0.     N««0.    CaO.     SO».      8iO«.       C0«. 


*^0».phSp'hX.«-CI. 


Solnble       47*88    2-34 
Insoluble      170    017 


1-63 


6-29 


0-86 
0-22 


22-39 
3-79 


0-29      0-63 


12-92     •     87-91 
.    .       -     12-09 


10000 
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The  molHBsefi  aiv  di]Qt<<l  to  a  specific  gravity  of  1*085,  and  sulphuric  acid  is  added 
to  render  the  liquid  slightly  acid.  This  liquid  is  mixed  with  2^  per  cent,  of  the  yea'^t 
of  beer,  run  into  large  cisterns,  exposed  to  a  temperature  of  20^  C.  (68^  F.)  and  allowed 
to  ferment  for  five  or  six  days.  It  in  then  distilled  to  separate  the  alcohol,  amounting  to 
4  or  5  per  cent^  of  the  liquid.  All  the  salts  contained  in  the  plant  remain  in  the  residue 
called  vinasse. 

This  residue  is  neutralised  with  chalk,  and  the  liquid  is  allowed  to  settle.  It 
is  then  concentrated  in  iron  pans  to  a  syrupy  consistence  (1-217  to  1*372  specific 
gravity),  run  into  tanks  to  allow  the  sulphate  of  calcium  to  precipitate,  and  the  clear 
brown  liquor  is  calcined  in  a  reverberatory  furnace. 

The  addition  of  chalk  to  the  vinasse  is  most  beneficial  to  the  composition  of  the  salt 
produced,  as  is  plainly  shown  in  the  following  comparative  analyses  :--> 

Without  lime.  With  llm«. 

Carbonate  of  potassium 42  52 

Carbonate  of  sodium  29  30 

Sulphate  of  potassium  .         .         .         .        •         10  1 

Sulphide  of  potassium 3 

Chloride  of  potassium 16  17 

100  100 

The  potashes  obtained  in  this  process  vary  very  much  according  to  the  districts 
where  tne  beet-root  has  been  grown ;  they  are  richer  where  the  beet-root  has  recently 
been  introduced,  than  where  the  soil  has  been  long  cultivated  and  is  consequently  ex- 
hausted. These  raw  beet-root  potashes,  called  "  Salin  "  on  the  continent^  contain  on  tlie 
average : — 

Sulphate  of  potassium,  from 8  to  5  per  cent. 

Chloride  of  potassium,     „  .....  20  per  cent 

Carbonate  of  potassium  „ 80  to  86  per  cent. 

Carbonate  of  sodium       „ 18  per  cent. 

Hefining  of  the  raw  Salin, — The  crude  material  is  lixiviated  and  the  liquors  are 
sometimes  boiled  down  to  dryness ;  sometimes  the  strong  liquors  are  concentrated  up  to 
1-473  whilst  the  sulphate  of  potassium  is  fished  out.  After  cooling,  a  large  crop  of  crys- 
tals of  chloride  of  potassium  forms  in  the  coolers.  The  mother-liquor  is  separated, 
concentrated  up  to  specific  gravity  1*655,  and  again  run  into  coolers.  In  three  or 
four  days  a  mt^s  of  crystals  is  formed,  consisting  of  a  double  carbonate  of  potassium  and 
sodium.  The  mother-liquor,  now  very  rich  in  carbonate  of  potassium,  is  boiled  down  to 
diyness.  By  redissolving  and  reciystallising,  another  double  salt  with  less  carbonate 
of  potassium  is  formed,  which  is  then  melted  in  a  metal  pan  and  boiled,  whereupon 
carbonate  of  sodiam  with  1  at.  water  (Na'CO'.H'O)  separatee,  leaving  the  mother-liquor 
rich  in  potassium-salt. 

M.  Billet  subjects  the  vinasse  to  a  distillation  process,  somewhat  similar  to  that 
which  Mr.  Stanford  has  proposed  for  seaweed,  whereby  he  obtains  tar,  illuminatinff 
gas  and  charcoal  in  addition  to  the  ash.  The  potash  is  extracted  by  lixiviation,  with 
less  loss  than  in  the  previous  process,  and  in  a  state  of  much  greater  purity.  (See 
Bichardson  and  Watts's  Chemical  Ttchnoioffy,  i.  [3]  480.) 

The  aggregate  quantity  of  potassium-salts  produced  from  the  beet-root  manufiMtnre 
in  Europe  must  be  very  large,  and  is  daily  increasing.  The  application  of  these 
processes  to  similar  waste-products  in  the  manufacture  of  cane-sugar  might  be  eanally 
advantageous;  a  process  has  in  fact  been  patented  by  Mr.  G.  Sevmonr  fi>r  Mona. 
Leplay,  for  the  recovery  of  the  potash  and  soda  firom  the  saccharine  juices  of  canes  or 
beet-root  by  means  of  caustic  baryta. 

8.  Sulphate  and  Carbonate  of  Potaeeiam  aa  bve^produeta  in  the  mani^faciure  of 

Tartaric  Ada, 

The  acid  tartrate  of  potassium  existing  in  grape  juice  being  but  slightly  soluble 
in  a  mixture  of  alcohol  and  water,  is  separated  during  fermentation  as  a  crust  on  the 
•ides  of  the  casks,  and  called  white  or  red  crude  tartar  according  to  the  wine  from 
which  it  is  obtained.  This  being  dissolved  in  hot  water,  and  the  saturated  solution 
allowed  to  cool,  the  surfiice  is  soon  covered  with  a  coating  of  fine  crystals  of  the  add 
tartrate  which  in  this  state  is  called  cream  of  tartar.  The  best  kinds  come  from 
Italy,  Spain,  and  France,  and  contain  on  an  average  from  different  samples  82*7  per 
cent,  acid  tartrate  of  potassium,  7*6  tartrate  of  calcium,  and  9*7  water  (Teehnolcgy,  i. 


[81484). 
Th< 


lese  tartan  when  heated  are  decomposed,  and  leave  a  black  mass  called  "  black 
flux;**  consisting  of  potassinm-carbonate mixed  with  charcoal ;  when  they  are  deflagrated 
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with  saltpetre,  a  white  residue  is  obtained  called  "  white  flux ; "  oonsisting  mainlj  of 
potassium-carbonate.  Both  of  these  fluxes  are  extensively  used  in  assaying  metidlie 
ores.  The  tartars  were  formerly  heated  in  the  open  air,  till  the  residue  became  whiter 
and  then  sold  as  wood-ash. 

The  lees  of  wine,  as  well  as  the  yeast,  are  now  used  for  the  production  of  carbonate 
of  potassium.  After  the  fermentation  of  the  wine,  the  yeast  or  lees  is  collected  into 
one  vessel,  placed  in  bags,  and  pressed ;  and  the  cakes  are  dried  and  incinerated. 
Great  care  is  required  in  regulating  the  fire  properly.  These  ashes,  in  France  odled 
Cindrea  graveUfSf  are  of  a  reiy  superior  quality,  very  light,  porous  and  white.  A  simi- 
lar product  is  obtained  from  the  residue  in  the  manuGncture  of  brandy. 

In  the  manufacture  of  taitarie  acid  half  the  acid  in  the  crude  tartar  is  nentmliaed 
with  lime  and  precipitated  as  tartrate  of  calcium.  The  neutral  tartrate  of  potaannm 
remains  in  solution,  and  maybe  converted  into  chloride  or  snlphate  of  potassium,  by 
means  of  chloride  of  calcium,  sulphate  of  calcium,  or  dQute  sulphuric  acid.  Mr.  Gatty 
has  patented  a  process,  by  which  he  obtains  the  alkali  in  the  form  of  a  carbonate  by 
treating  the  solution  of  neutral  tartrate  with  milk  of  lime,  forcing  carbonic  add  gas  at 
the  same  time  into  the  liquid  until  it  is  saturated ;  insoluble  tartrate  of  ealciiim  is 
formed,  and  the  acid  carbonate  of  potassium,  which  remains  in  solution,  is  evaporated 
and  calcined  in  a  reverberatory  furnace. 

Wagner  proposes  to  substitute  carbonate  of  barium  for  the  lime,  and  obtains  thus  inso- 
luble tartrate  of  barium  and  a  solution  of  neuti-al  tartrate  of  potassium,  which  latter 
he  mixes  with  a  solution  of  hydrate  of  barium.  This  mixture  is  boiled  and  carbonie 
acid  passed  through  it,  until  all  the  baryta  is  precipitated,  and  the  caustic  potash  is 
converted  into  carbonate,  which  is  then  evaporated  and  dried. 

II.  Fbom  thb  Ashes  of  Marikb  Flamts. 

The  value  of  marine  plants  as  a  source  of  alkali  has  been  known  f^m  a  very  early 
age ;  the  enrstematic  production  of  the  ash  of  seaweed,  called  ''kelp**  in  this  country, 
*''varec"  in  France,  is,  however,  at  least  in  these  islands,  of  comparativelv  recent 
oritrin.  First  regularly  pursued  in  Ireland,  it  was  introduced  into  Scotland  by  Mr. 
M'Leod  about  the  year  1730.  It  was  at  first  worked,  for  its  contents  of  carbonate  of 
sodium,  at  the  time  when  high  war  duties  were  levied  on  barilla  and  salt.  At  the 
beginning  of  the  present  century,  the  value  of  Highland  kelp  was  twenty  pounds  per 
ton,  and  the  production  of  Scotland  about  this  period  was  20,000  tons  per  annum. 
When  the  manufacture  of  soda  from  common  salt  commenced,  the  kelp  fell  rapidly  in 
value,  and,  although  the  discovery  of  iodine  in  1812  opened  up  a  new  demand  ror  kelp, 
its  production  never  ag|ain  reached  the  above-named  amount.  Kelp  and  vaiec  are  now 
produced  solely  fbr  their  contents  of  iodine  and  potassium-salts. 

Tables  of  the  composition  of  the  ash  of  seaweed  are  given  in  Richardson  and  Watts's 
Chemical  Techndogy  (i.  [3]  601,  602),  showing  that  the 

Potash  and  soda  vary  from  16  to  40  per  cent. 

Lime                           „  3  „  21 

Magnesia                    „  7  „  16 

Common  salt              „  3  „  36  „ 

Phosphate  of  calcium  „  3  „  10  „ 

Sulphuric  add            „  14  „  31  „ 

Silica                          „  1  „  11  >f 

Collection  of  the  Seaweed  and  manufacture  of  the  Kelp. — ^In  Scotland  the  kelp  is 
collected  from  June  to  September,  and  is  known  as  **cutweed"  and  "driftweed."  The 
cutweed  or  weed  cut  from  the  rocks,  is  chiefly  obtained  in  the  Highlands  from,  two 
plants  called  *' yellow- wreck'*  and  *' black-wreck."  the  former  of  which  floats  in  water 
when  cut,  and  hence,  being  more  easily  managed,  is  more  commonly  used  in  the  High- 
lands than  the  other  which  does  not  float.  The  weed  is  cut  only  during  spring-ti^s, 
and  it  is  important  to  dry  and  bum  it  before  it  suffers  fix>m  rain,  as  otherwise  it  is 
apt  to  ferment.     Cutweed  yields  less  iodine  and  potash  than  driftweed. 

In  Scotland  the  weeds  are  burned  in  kilns  on  level  ground,  14  to  16  feet  long  by 
2  feet  broad,  surrounded  by  a  stone  wall  8  to  10  inches  high.  The  kiln  is  kiimed 
with  dry  heath  or  straw,  on  which  the  dried  seaweeds  are  placed,  the  laying  on  of  the 
weed  being  done  very  carefully,  so  as  not  to  allow  it  to  burst  into  a  flame.  When  this 
operation  nas  been  in  progress  from  six  to  eight  hours,  a  portion  of  the  end  walls 
is  pulled  down  and  the  porous  ash  is  worked  up  and  kneaded  until  it  melts  and 
runs  together,  and  thus  forms  the  "  floor,"  a  cake  from  3  to  6  inches  thick.  The  whole 
operation  is  then  proceeded  with  afresh,  a  second  floor  is  formed  &&  up  to  fbur  and  even 
SIX  floors.    The  fused  mass  is  broken  up  by  throwing  water  upon  it. 
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In  the  north-west  of  Ireland  the  kelp  is  chiefly  made  ^m  driftweed,  which  comes 
in  daring  April  and  May  ;  it  is  bnmt  in  small  heaps  or  holes,  at  a  lower  temperature, 
60  that  the  kelp  is  more  porous  and  much  richer  than  that  from  the  Western  Islands. 

On  the  west  coast  of  France,  in  Normandy  and  Brittany,  especially  on  the  shores  of 
La  Manche,  the  "driftweed"  has  been  collected  from  time  immemorial.  When  the 
weed  has  been  gathered  or  cut,  it  is  dried,  and  afterwards  put  into  stacks  which  stand 
until  July  or  August,  when  it  is  burned  in  round  or  rectangular  pits,  which  are 
protected  on  their  sides  and  bottom  by  stones  or  plates.  The  pits  are  filled  with  dry 
weed  and  set  on  fire,  fresh  weed  being  continually  added  till  the  heat  becomes  so  great 
as  to  soften  and  ultimately  fuse  the  ashes. 

These  methods  however  are  open  to  all  the  objections  pointed  out  some  years  ago  by 
Heinrich  Rose,  as  applying  to  the  older  process  of  incinerating  plants,  the  chief  of 
which  are,  that,  owing  to  the  great  heat  applied,  volatile  substances,  iodine  and  potas- 
sium-salts for  example,  are  to  a  great  extent  lost,  and  that  the  carl)on  deoxidises  the 
alkaline  sulphates,  reducing  them  to  sulphites,  hyposulphites,  and  even  sulphides,  which 
accumulate  in  the  mother-fliquor  and  require  a  large  quantity  of  sulphuric  acid  to  re- 
convert them  into  sulphates. 

To  obviate  these  objections,  various  plans  have  been  proposed,  consisting  chiefly  in 
charring  the  weeds  only  slightly  before  lixiviating,  or  in  subjecting  them  to  a  distilla- 
tion-process, whereby  tetr  and  illuminating  gas  are  obtained,  together  with  a  residue  of 
charcoal.  This  when  lixiviated,  yields  a  solution  containmg  Qie  soluble  mineral  con- 
stituents of  the  seaweed,  which  are  thus  obtained  wi^  much  less  loss  than  by  the 
ordinary  process.    (See  Sbawebd.) 

Campotiiion  of  the  Kelp  and  Varee. — The  differences  in  the  kelp  and  varec  from 
different  localities  are  very  great;  not  so  much  however  when  manufactured  at  the  same 
place,  as  the  great  difference  in  the  composition  of  the  ash  of  the  seaweeds,  even  of 
the  same  species,  might  lead  one  to  expect.  According  to  Golfier-Besseyre's  analyses 
of  French  varec,  the  sulphate  of  potassium  varies  from  11  to  44  per  cent.,  and 
in  one  case  fell  as  low  as  2  per  cent. ;  the  chloride  of  potassium  from  12  to  3o  per 
cent,  and  in  one  instance  it  was  only  0*36  per  cent.;  the  sulphate  of  sodium  ftom 
Oto  35  per  cent;  the  carbonate  of  sodium  firom  nil  to  17  per  cent;  and  the 
chloride  of  sodium  from  9  to  70  per  cent. 

Extraction  of  the  Salts. — The  separation  of  the  three  principal  salts  contained  in 
kelp,  viz.,  the  chloride  and  sulphate  of  potassium  and  the  chloriae  of  sodium,  is  based 
on  the  following  facts: — 1st.  That  common  salt  is  nearly  as  soluble  in  cold  as  in  hot 
water;  2nd.  That  chloride  of  potassium  is  more  soluble  in  hot  than  in  cold  water;  and 
8rd.  That  sulphate  of  potassium  is  only  slightly  soluble  in  cold  water. 

The  following  table  exhibits  the  solubilities  of  these  three  salts  at  12|^  and  100®  C. 
(64«  and  212<>  P.). 


Salti. 

Quantltiea  diuoWed  by  100  pts.  of  water 

at  ISi''  C. 

at  100°  C. 

Sulphate  of  potassium 

Chloride  of  potassium 

Chloride  of  sodium 

10-5 
320 
36*5 

270 
69'i 
400 

It  must  not^  however,  be  foigotten  that  the  first  solutions  of  the  potassium-chloride 
render  the  sulphate  less  soluUe,  whereas  the  sodium-chloride  renders  the  potassium- 
sulphate  more  soluble  in  the  second  lye  than  in  pure  water. 

In  Scotland,  the  kelp  broken  into  small  pieces,  is  thrown  into  huge  cast-iron  vats 
containing  filters  made  of  straw,  dried  seaweed,  or  small  stones,  and  connected  by 
pipes,  so  that  the  liquid  may  fiow  from  one  to  the  other.  Water  is  poured  into  the 
first  vat,  filters  through  into  the  second,  and  so  on,  beconung  continually  more  charged 
with  the  salts,  and  when  saturated  is  made  to  flow  into  an  undeiground  receiver,  whence 
it  is  run  or  pumped  into  the  boiling-pans.  When  the  liquor  in  a  tank  falls  to  6^ 
Twaddcil,  it  is  run  o£^  and  the  tank  is  refilled  with  fresh  kelp.  At  first  the  liquors 
stand  at  60°  T.,  but  by  the  time  the  last  vat  is  saturated,  they  fall  to  85®  T.,  below 
which  strength  no  liquors  are  evaporated.  The  filters  are  renewed  at  eveiy  fifth 
operation.  The  exhausted  mass,  still  containing  some  kelp,  is  sold  to  bottle  manu- 
fi&cturers. 

The  kelp-liquor,  from  36®  to  60°  T.,  is  evaporated  in  iron  pans,  and  boiled  down  to 
60®  T. ;  the  salt,  which  falls  in  great  quantities  during  the  evaporation  of  the  liquid, 
is  an  impure  sulphate  of  potasmum ;  it  is  regularly  fished  ont^  and  thrown  into  a 
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wooden  venBel,  with  a  perforated  bottom.    The  liquor  of  60^  T.  is  allowed  to  settle  and 
run  off  into  a  cooler,  wliere  the  chloride  of  potassium  crystallises  oat.     These  crystals 
Hre  thrown  into  a  baftket,  and  allowed  to  drain.      The  mother-liquor  is  boiled  up 
to  68°  T.,  when  sulphate,  chloride,  and  carboDate  of  sodium  salt  out,  and  are  drained 
in  the  same  way  as  before.     The  liquor  is  allowed  to  cool  again,  and  another  crop  of 
chloride  of  potassium  is  obtained.     The  mother-liquors  are  then  run  off,   treated  as 
before,  and  boiled  up  to  74°  T.,  during  which  operation  the  same  sodium-salta  separate, 
and  are  fished  out ;  the  liquor  again  run  into  coolers,  furnishes  a  third  crop  of  chloride 
of  potassium.    Daring  the  eraponition  of  tlie  first  liquor,  the  pan  is  occasiooaUj  fed  with 
small  quantities  of  kelp-liquor,  but  during  the  boiling  of  the  second  and  thini  liquors, 
nothing  but  the  corresponding  mother-liquors  are  snpplieil.     The  salts   separating 
during  the  boiling  of  the  second  and  third  mother-liquors  are  sold  as  kelp-salta,  and 
contain  on   an   average  from  9  to  14  per  cent,  of  alkali ;  they  vary  Tery  much  in 
composition,  as  the  fofiowing  analyses  prove  : 

Analyses  of  Kelp-salts  (Richardson). 


Salts. 

1. 

s. 

3. 

4. 

Carbonate  of  sodium        .... 

1-08 

6-23 

15-04 

23-68 

Chloride  of  sodium          .... 

80-66 

69-97 

64-69 

4117 

Sulphate  of  sodium          .... 

1003 

4-70 

16-27 

17*91 

Sulphate  of  potassium     .... 

7-47 

10-43 

traces 

trace 

Chloride  of  magnesium    .... 

Insoluble  matters 

Water 

• 

1-60 

8-50 

4-74 

1800 

100-83 

99-88 

99-74 

100-76 

The  first  crystallisation  Tields  about  86  to  90  per  cent.,  the  second  and  tliird,  96  to 
98  per  cent,  of  pure  chloride  of  potassium,  whilst  the  fourth  contains  some  sulphate  of 
sodium. 

In  France  the  varec  is  sometimes  ground,  and  the  lixi nation  is  conducted  in  irooden 
tanks,  with  false  (perforated)  bottoms,  in  such  a  manner  that  the  chlorides  of  potassium 
and  sodium  are  first  extracted,  whilst  the  sulphate  of  potassium  is  obtained  in  the  second 
lye.  Fresh  water  or  weak  lye  is  run  on  the  fresh  kelp,  and  thence  over  kelp  which 
has  already  been  treated  with  water,  &c.,  &c.,  until  the  density  reaches  1*12  to  1*16. 
These  lyes  contain  large  quantities  of  the  chlorides  of  potassium  and  sodium,  whereas 
the  sulphate  of  potassium  is  present  only  in  small  proportion.  The  residue  is  now 
treated  similarly,  until  the  lyes  stand  at  .1  'f(6,  and  contain  principally  sulphate  of 
potassium. 

The  lye  containing  the  alkaline  chlorides,  is  concentrated  up  to  1*333 ;  and  the 
chloride  of  sodium  deposited  is  fished  out,  and  thrown  into  wooden  hoppers  above  the 
pan.  The  salt  thus  obtained  contains  chloride  and  even  sulphate  of  potassium ;  to  re- 
move these,  it  is  thrown  into  wooden  boxes  with  false  bottoms,  and  wnilst  the  lye  finom 
a  previous  operation  is  run  upon  it,  a  jet  of  steam  is  admitted  below  the  false  bottom ; 
the  whole  mass  is  stirred,  allowed  to  settle,  and  the  liquor  is  drawn  of£  This  operation 
is  repeated  until  the  solution  stands  at  1*27,  when  it  is  nm  off,  and  employed  as  above 
mentioned  for  another  portion  of  salt.  The  potassium-salts  are  thus  almost  entirely 
removed,  and  the  pure  sodium-chloride  is  drained  and  gently  dried. 

To  separate  the  chloride  of  potassium,  the  lye,  ^e  from  common  salt^  and 
standing  at  1*33,  is  drawn  into  coolers,  where  the  chloride  of  potassium  crystallises  oat» 
the  mother-liquor  retaining  iodide  of  potassium  in  solution. 

The  sulphate  of  potassium  is  obtained  from  the  second  washings  of  the  varec, 
as  previously  explained.  When  the  lye  is  evaporated  in  flat  iron  pans,  the  sulphate 
separates  in  small  crystals,  which  are  drained,  washed  with  lye,  and  then  with  cold 
water. 

The  sulphate  and  chloride  of  potassium  thus  obtained  may  be  converted  into 
nitrate  by  decomposing  them  with  an  equivalent  quantity  of  nitrate  of  sodium 
(p.  100). 

IIL  Fbom  Sba-w^tbb,  Bnnni-BFBiKOS^  and  Salt-bbdb. 

1.  From  Sea-water, 

Potassium  occurs  in  sea-water  as  chloride  and  sulphate  to  the  average  amount  of 
0-267  pt.  in  1,000.    The  extraction  of  these  salts  from  sea^water  has  been  carried  on 
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ID  the  south  of  France  for  the  last  ten  years  hj  a  process  deyised  by  Bal  ard  depcDding 
upou  the  Datural  advantages  of  the  elimate,  namely  a  powerful  summer's  sun,  and  a 
sufficient  difference  of  temperature  between  day  and  night  The  sea- water  is  first  left  to 
evaporate  during  the  summer,  in  shallow  ponds  or  "  salt-gardens,**  whereby  a  con- 
siderable quantity  of  common  salt  is  obtained,  mixed  towards  the  last  with  sulphate  d 
magnesium  (see  Sodium,  Chlosidb  of).  The  mother-liquor  having  a  density  of  31°  B 
is  also  passed  into  a  series  of  shallow  ponds,  whereby  another  crop  of  common  salt 
is  obtained  during  the  day,  and  during  the  night  a  mixture  of  sulphate  of  magnesium 
with  a  double  sulphate  of  magnesium  and  potassium.  The  mother-liquors  from  these 
salts  are  run  into  other  ponds,  where  another  crop  of  crystals  is  obtained,  consisting 
chiefly  of  a  double  chloride  of  potassium  and  miignesium,  which  when  dissolved  in 
water  heated  by  steam  yields  chloride  of  potassium  on  cooling  (p.  718). 

The  mixed  magnesicand  potassio-magnesic  sulphates  are  redissolved  and  evaporated, 
whereby  the  double  salt,  K*M^S*0*.6H'0,  is  obtained,  which  is  used  in  the  manufac- 
ture of  alum,  and  for  the  production  of  c:trbonate  of  potassium  by  Leblanc's  process. 
The  mother-Uquor,  containug  only  the  Epsom-salts,  is  worked  up  in  winter.     ^See 

SVLFKATBS.) 

The  salt-works  of  Baynas,  covering  a  surface  of  about  370  acres,  yield 

200,000  cwts.  of  common  salt. 
1,200,000  cubic  feet  of  mother-liquors  at  31°  B. 

20  000  ewt      f    f  1^1»*^^^  cwts,  of  Crystallised  sulphate  of  magnesium. 
'  *  1.     <  (potassium. 

Buromer-saiTs.  ^  ^^^^  ^^^  of  double- salts  of  ^sodium. 

(magnesium. 
1,400,000  cubic  feet  of  mother-liquors  yielding  in  winter  90,000  cwts.  of 
sulphate  of  sodium. 

The  produce  just  described  is,  however,  attended  with  certain  inconveniences,  the 
chief  of  which  are  the  loss  of  saline  products  by  infiltration  during  the  long  sojourn 
of  the  concentrated  liquids  in  the  salt-gardens,  and  the  redilution  of  these  liqiiids  by 
rain.  These  inconveniences  are  entirely  obviated  in  the  improved  process  of  M. 
Merle,  which  consists  in  salting  down  the  concentrated  sea^uater  by  artificial  rcfri- 
fferation.  For  this  purpose  the  sea-water,  after  being  concentrated  in  the  salt-gardens 
to  1*24  specific  gravity  (28°  B.) — at  which  degree  of  concentration  it  deposits  about  Jth 
of  the  sodium-chloride  contained  in  it — is  diluted  with  about  10  percent,  of  pure  water 
(to  prevent  too  rapid  deposition  of  sodium-chloride  in  the  next  stage  of  tlie  process), 
and  passed  through  a  series  of  refrigerators  constructed  on  Carre  s  principle  (Hsat, 
iii.  98),  in  which  the  sulphate  of  magnesium  and  chloride  of  sodium  are  converted  by 
mutual  decomposition  into  chloride  of  magnesium  and  sulphate  of  sodium,  the  latter 
of  which  separates  out.  The  mother-liquor  still  containing  a  considerable  quantity  of 
sodium-chloride  is  then  run  into  boilers,  where  it  is  boiled  down  to  1*331  specific 
gravity  (36^  B.),  and  deposits  nearlythe  whole  of  the  sodium-chloride.  The  remaining 
mother-liquor  containii\g  the  chlorides  of  potassium  and  magnesium,  is  passed  into 
shallow  coolers,  where  it  deposits  magnec^io-potassic  chloride,  and  from  this  the  chloride 
of  potassium  is  extracted  by  a  process  similar  to  that  described  on  the  next  page. 

2.  Br%n€'Spring$. 

The  potash  contained  in  thene  springs  has  not  as  yet  been  extracted  on  a  manufac- 
turing scale.  Margueritte  effects  it  by  passing  a  current  of  hydrochloric  acid  gas 
through  the  mother-liquor  left  after  the  separation  of  the  common  salt.  The  whole 
of  the  potassium,  whether  it  exists  in  the  solution  as  magnesio-potassic  chloride,  or  as 
sulphate,  is  then  precipitated  in  the  form  of  chloride.  The  passage  of  the  gas  is 
facilitated  by  keeping  the  liquid  in  constant  agitation  (see  Tfcknoloay^  \.  [3]  646).  The 
method  is  likewise  applicable  to  the  preparation  of  potassium-chlonde  from  the  mother- 
liquor  of  sea- water,  salt-marshes,  &c. 

The  potassium  may  also  be  separated  from  such  liquids  by  taking  advantage  of  the 
action  of  lime  on  sulphate  of  magnf^sium,  whereby  the  latter  is  converted  into  nearly 
insoluble  sulphate  oi  calcium.  A  milk  of  lime  prepared  with  a  strong  solution  of  salt 
is  added  to  the  mother-liquor  of  salt-works,  in  sufficient  quantity  to  decompose  the 
sulphate  of  magnesium.  The  whole  is  boiled  and  allowed  to  settle ;  and  the  common  salt 
is  left  to  separate  from  the  liquor  in  the  usual  salting  pans,  until  the  chloride  of  potas- 
sium begins  to  appear,  when  a  small  quantity  of  chloride  of  sodium  and  chloride  of 
potassium  crystallises  out  as  the  liquor  cools.  When  the  temperature  falls  to  140^— 
160°  F.,  the  liquor  is  run  off  into  another  cooler,  where  the  chloride  of  potassium 
crystallises. 
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8.  Preparation  of  Potassium^hloride  from  the  Salt-beds  of  BtOMtfmiK 

The  occurrence  of  a  deposit  of  magnesio-potassic  chloride  above  the  rock-salt  of  Staas- 
furth  near  Magdeburg,  has  been  already  mentioned  (p.  607).    The  saline  deposit,  which 
is  of  great  extent  and  thickness,  is  situated  partly  in  me  Prussian  territoryp  partly  in  the 
Duchy  of  Anhalt.    To  the  north  of  the  town  of  Stassfurth,  the  saline  deposits  oth^ 
lying  the  pure  rock-salt  have  a  thickness  of  187  metres  and  may  be  divided  into  frar 
principal  layers,  the  limits  of  which  are  however  not  very  well  defined :  1.  Immedialelj 
above  the  pure  rock-salt  is  a  bed  107  metres  thick  composed  of  layers  of  chloride  Of 
sodium  interspersed  with  thin  veins  of  anhydrite^  CaSO*. — 2.  Above  this  is  a  simikr 
bed  31*5  metres  thick,  in  which  the  anhydrite  is  replaced  by  JX>(yAa/t^,K*Oa^g(S0*)*• 
2HH)  :  in  this  bed  also  the  chloride  of  sodium  begins  to  be  interspersed  with  smaU 
quantities  of  magnesio-potassic  chloride. — 3.  Kieserite  bed,  28  metres  thick,  consistiBg 
of  layers  of  kieserite  MgSO*.H*0,  alternating  with  layers  of  magnesio-potassic  chloride, 
the  proportion  of  kieserite  being  greatest  in  the  upper  part.    The  average  compositioD 
of  this  bed  is  65  per  cent,  chloride  of  sodium,  17  kieserite,  16  magnesio-potaase 
chloride,  and  2  anhydrite. 

4.  CarnaHite  hfd,  20'6  metres  thick,  containing  large  quantities  of  camallite 
2KCl.MgCl*.12H*0,  especially  in  the  upper  part,  alternating  with  rock-salt  and  kieser- 
ite. Its  average  composition  is  65  per  cent,  camallite,  25  rock-salt,  16  kieserite,  and 
4  hydrated  chloride  of  msgnesium.  It  contains  also  a  few  thin  veins  of  tachydriU^ 
CaCl*.2MgCl*.2H'0,  oisylviveor  pure  chloride  of  potassium,  and  tuberosities  of  boradtt, 
3MgO  B^*,  often  enclosing  nodules  of  camallite  or  tachydrite..  All  the  salts  com- 
posing this  bed  are  very  deliquescent. 

The  composition  of  these  beds,  the  most  soluble  salts  occupying  for  the  most  .put 
the  highest  positions,  loads  to  the  supposition  that  they  have  been  deposited  by  the 
gradual  drymg  up  of  an  inland  sea  or  salt-water  lake ;  but  their  great  thickness,  and 
the  occasional  occurrence  of  veins  of  the  less  soluble  in  tJie  midst  of  the  morejBoluble 
salts,  render  it  necessary  to  suppose  that  the  waters  of  the  lake  were  continually- 
renewed,  either  by  the  products  of  the  solution  of  neighbouring  saline  deposits,  or  by 
the  waters  of  the  ocean  which  formerly  covered  the  plains  of  Northern  Germany. 

The  percentage  composition  of  pure  camallite  and  that  of  two  specimens  from  Stassfurf  h 
as  determined  by  analysis — a,  by  Bammelsberg  (Pogg.  Ann.  zciv.  508);  6,  by 
Oesten(t6iW.  xcviii.  161)— is  given  in  the  following  table;  also  the  average  composition 
of  the  "potash- salt"  supplied  to  the  works  for  the  extraction  of  chloride  of  potassium. 

Calculated.  Analyses.         Average  con- 

f^  ■^.. --   -■>    position  of 

SKCl.MgCIs.lSHsO    0.  b.    **pot«sh.salu** 

Chloride  of  potassium      ....     26*88  27-44  24-27  16 

Chloride  of  magnesium  ....     84-20  35*03  30*98  20 

Chloride  of  sodium .     .  4*82  25 

Chloride  of  calcium .     .  2*82 

Sulphate  of  calcium  (anhydrite)       .        ...  .    •  1*05 

Sulphate  of  magnesium .     .  .     .  10 

Ferric  oxide,  &c .    .  0*14)  oq 

Water 38*92  3753  85*92  J  ^^ 

100-00       10000       10000       100 

The  preparation  of  chloride  of  potassium  from  the  "potash-salt"  depends  upon  the 
£ict  that  camallite  forms  only  in  solutions  containing  excess  of  chloride  of  magnesium, 
so  that  when  the  salt  is  dissolved  in  hot  water,  and  the  solution  is  left  to  cool,  no  double 
salt  separates,  but  the  more  soluble  chloride  of  magnesium  remains  in  solution, 
while  part  of  the  chloride  of  potassium  crystallises  out.  The  mother-liquors  are  then 
further  treated  for  the  recovery  of  the  remaining  quantity. 

The  "potash-salt"  is  first  dissolved  in  cold  water;  the  solution  is  heated  by  a  steam 
pipe  conveying  steam  at  120°,  and  continually  stirred  by  revolving  arms,  to  facilitate 
solution ;  and  the  liquid,  after  standing  for  ten  hours,  is  decanted  from  the  insoluble 
matter.  The  clear  solution  marking  32°  B.  is  completely  saturated  with  chloride  of 
potassium  and  chloride  of  magnesium,  and  contains  also  small  quantities  of  chloride 
of  sodium  and  sulphate  of  magnesium.  It  is  transferred  to  a  series  of  crystallising  vessels 
in  which  crystals  are  deposited  containing  from  60  to  70  per  cent  chloride  of  potas" 
sium,  a  charge  of  20,000  kilogrammes  of  "potash-salt "  yielding  from  16,000  to  17,000 
kilogrammes  of  this  impure  chloride  of  potassium.  The  crystals  are  washed  with 
water  to  remove  the  adhering  mother-liquor  and  the  chloride  of  magnesium,  after  which 
they  contain  80  per  cent,  chloride  of  potassium. 

The  mother-liquors  together  with  the  wash-waters  are  concentrated  to  36°  B. 
Chloride  of  sodium  is  then  deposited  while  chloride  of  magnf'sinm  and  chloride  of 
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SotaMium  remain  in  solution,  and  as  the  former  is  in  ezcefls,  the  solution  on  cooling 
epoeitB  ciystals  of  artificial  famallite,  which  are  treated  in  the  same  manner  as  the 
original  potash-salt 

The  salt  deposited  during  the  concentration  of  the  ahoye-mentioned  mother-liquors 
contains  66  per  cent,  chloride  of  sodium,  30  per  cent  magnesio-potassic  sulphate, 
K^g''(S0^)*.6HK),  and  from  3  to  6  per  cent  chloride  of  potassium.  By  washmg  it 
on  doth  filters,  about  half  the  chloride  of  potassium  is  removed,  and  the  wash-waters 
are  used  to  dissolve  a  fresh  portion  of  the  '*  potash-salt" 

The  mother-liquors  remaining  after  the  deposition  of  the  artificial  camallite  contain 
80*2  per  cent  chloride  of  magnesium,  2'5  per  cent,  sulphate  of  magnesium,  0*2  chloride 
of  sodium,  2*3  chloride  of  potassium.  They  were  formerly  thrown  away,  but  are  now 
used  for  the  preparation  of  magnesium-salts. 

The  chloride  of  potassium  sent  into  the  market  from  the  Douglas  works  at  Stassfurth 
contains  82*00  per  cent  pure  chloride  of  potassium,  1550  chloride  of  sodium,  0'60 
sulphate  of  potassium,  0'50  sulphate  of  magnesium  and  1*20  water.  The  last  of  these 
impurities  is  the  most  injurious  m  the  several  applications  of  the  salt. 

Other  potassium-salts  are  also  prepared  at  Stassfurth. — 1.  The  chloride  is  converted 
into  sulphate  by  double  decomposition  with  sulphate  of  magnesium;  but  the  mode 
of  conducting  the  process  is  kept  secret. 

2.  The  sulphate  is  converted  into  carbonate  of  potassium  by  a  process  analo- 
gous to  that  of  Leblanc  for  the  manufacture  of  sodic  carbonate  (i.  792);  but  this  branch 
of  the  manufacture  has  hithArto  been  carried  out  only  on  a  small  scale. 

3.  Saltpetre  is  prepared  from  the  chlorid<)  of  potassium  by  double  decomposition 
with  nitrate  of  sodium  (see  Nitbatbs,  p.  100).  (For  further  details  see  J  on  1  in, 
Bull.  Soc  Chim.  1865,  i.  323,  401.) 

The  residue  left  on  dissolving  the  crude  potash-salt  in  water  (p.  718)  consists  of 
20  to  30  per  cent  kieserite,  Mg"SO*.H*0,  60  to  76  chloride  of  sodium,  and  10  to  15 
per  cent  insoluble  substances.  It  is  used  for  the  manufacture  of  sulphate  of  sodium. 
(See  Sulphates.) 

IV.  From  Fei^spar  aitd  otksr  Siucatbs. 

Fuchs  was  the  first  to  attempt  the  extraction  of  potash  from  the  feldspars  and  micHS 
by  calcining  them  with  lime,  and  then  lixiviating  the  frit.  Numerous  processes  have 
been  published  since. 

1.  To  obtain  the  alkali  as  hydrate  or  carbonate  of  potassium,  Lawrence  heats 
the  mineral,  throws  it  into  water,  and  grinds  it  to  a  fine  powder,  wliich  is  mixed  with 
damp  sawdust,  piled  up  in  heaps,  with  alternate  layers  of  straw,  and  watered  now  and 
then  with  urine  or  other  nitrogenous  liquids.  These  heaps  are  allowed  to  ferment 
during  six  months,  then  mixed  with  thick  cream  of  lime,  and  made  into  bricks  which 
are  calcined  at  a  high  temperature.  On  lixiviation,  the  potash  dissolves,  whilst  the 
silicate  of  calcium  remains  behind  as  residue. 

In  Hack's  and  Meyer^s  processes,  which  are  similar  to  each  other,  an  intimate  mix- 
ture of  100  pts.  of  felspar  and  from  139  to  188  pts.  of  lime  is  heated  for  some  hours 
at  a  temp'.rature  between  a  bright  red  and  white  beat,  then  ground  to  powder,  and  boiled 
from  two  to  four  hours  under  a  pressure  of  eight  atmospheres ;  a  caustic  lye  free  from 
lime  and  containing  all  the  soda  and  from  9  to  1 1  per  cent  of  potash  (of  the  weight  of 
the  mineral)  is  thus  obtained.  This  lye  is  saturated  with  carbonic  acid  andevaporat«d, 
during  which  alumina  and  silica  are  first  precipitated,  after  which  the  carbonate  of 
sodium  salts  out,  leaving  the  carbonate  of  potassium  in  solution. 

F.  O.  Ward  uses  fluor-spar  t(^ether  with  lime,  and  when  the  residue  is  to  be 
employed  in  the  manufacture  of  cement,  adds  a  clay  rich  in  alumina.  The  proportion 
of  fluoride  of  calcium  he  recommends  to  be  about  7  or  8  per  cent  of  the  mixture,  which 
IS  then  calcined  in  a  reverberatory  furnace  at  a  bright  red  heat,  after  which  the  mass 
is  lixiviated  in  the  usual  manner;  the  liquor  is  boiled  down,  freed  from  the  silica 
(about  25  per  cent.)  which  precipitates  on  treating  the  liquid  with  carbonic  acid, 
leaving  carbonate  of  potassium  in  solution. 

2.  To  obtain  the  alkali  as  sulphate  or  chloride  of  potassium,  Tilghman 
mixes  2  pts.  of  felspar  (containing  16  per  cent  potash)  with  1  pt  of  lime  and  1  pt 
of  sulphate  of  calcium  or  barium  ;  grinds  tlie  whole  to  a  fine  powder ;  and  heats  the 
intimate  mixture  to  bright  redness  for  about  eight  hoars,  without  fusion  of  the  mass. 
The  atmosphere  of  the  furnace  has  to  be  carefully  preserved  in  an  oxidising  condition 
by  the  admission  of  a  sufficient  quantity  of  air.  The  mass  is  then  repeatedly  lixiviated 
with  hot  water,  and  the  solution  of  sulphate  of  potaosium  is  evaporated  (the  sulphate 
of  calcium  or  barium  which  deposits,  being  continually  removed).  To  obtain  chloride 
of  potassium,  ground  pot  ash  •felspar  and  the  chloride  of  either  sodium,  calcium  or  iron 
is  heated  f  »r  about  six  hours  to  bright  redness  in  an  iron  cylinder,  the  heat  being  fo 
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regulated  aa  to  beabore  the  melting  point  of  the  chloride  employed,  but  below  that  of 
the  felspar;  the  charge  ia  raked  into  an  iron  Teasel  and  immediately  ooTered,  until 
quite  cool ;  the  maaa  is  then  lixiviated,  and  the  chloride  of  potassium  obtained  from 
tiie  solution  in  the  usual  manner. 

3.  To  obtain  the  alkali  as  potash -alum,  Sprengel  mixed  the  finely-ground  mineral 
with  strong  sulphuric  acid  to  the  consistency  of  a  fhin  paste,  and  left  it  thus  fot  two 
months ;  on  lixiviating  the  mass  with  a  large  quantity  of  water  and  evaporation  a 
pure  alum  of  the  usual  ciy stall ine  form  was  obtained.  Turner  employed  sulphate 
of  potassium  instead  of  sulphuric  acid,  and  mixed  the  ground  felspar  with  its  own 
weight  of  the  sulphate.  This  mixture  was  thrown  on  the  white-hot^  inclined  bed  of 
a  reverberatory  furnace,  and  to  the  glass,  which  forms  and  flows  to  the  sock  of  the 
furnace,  carbonate  of  potassium,  equal  in  weight  to  the  sulphate  used,  was  gradually 
added.  This  operation  was  repeated  until  the  sock  of  the  fiunace  was  filled  with  glasa. 
On  boiling  this  glass  with  water,  two-thirds  of  the  silica  in  the  felspar,  in  combination 
with  part  of  the  potash,  was  dissolved,  and  a  porous  mass  was  left,  which,  when  boiled 
with  ailute  sulphuric  acid  of  specific  gravity  1*20  in  leaden  pans  (160  lbs.  of  dry  acid  to 
every  285  lbs.  of  felspar),  yielded  a  solution,  which  when  concentrated,  produced  crystals 
of  alum.  To  obtain  carbonate  of  potassium  from  the  above  silicate  of  potassium 
liquors,  they  are  treated  with  carbonic  acid  to  precipitate  the  silica ;  to  obtain  caustic 
potash  the  same  liquors  are  filtered  through  a  bed  of  lime,  which  retains  the  silica. 

None  of  these  processes  have  however  yet  been  carried  out  on  the  manu&cturing  scale ; 
so  that  hitherto  the  immense  stores  of  potash  in  the  alkaliferous  rocks  have  been  only 
indirectly  available  for  the  purposes  of  industry,  namely  through  the  medium  of  plants, 
which  extract  the  potash  from  the  soil.  Mr.  Ward's  process,  called  the  "  calcifluoric 
attack,"  seems  however  to  hold  out  the  best  promise  of  success.  The  addition  of 
fluor-spar  greatly  facilitates  the  decomposition  of  the  silicate,  and  enables  it  to  be 
effected  at  a  temperature  lower  than  would  be  neceasary  if  lime  alone  were  used ; 
moreover  the  process  yields  the  alkali  at  once  in  the  caustic  or  carbonated  state, 
whereas  in  most  of  the  other  processes  in  which  an  acid  material  has  been  added  to 
facilitate  the  decomposition,  the  alkali  has  remained  in  combination  with  the  acid,  re- 
quiring a  subsequent  process  of  separation. 

V.  Potash  fbom  Wooi.. 

It  is  well  known  that  sheep  draw  from  the  land  on  which  they  graze  a  considerable 
quantity  of  potash,  which,  after  circulating  in  their  blood,  is  excreted  from  the  skin 
with  the  sweat.  Chevreul  pointed  out  that  this  peculiar  compound,  which  the  French 
call  **  suint,*'  forms  no  less  than  a  third  of  raw  merino  wool,  from  which  it  may  be 
readily  dissolved  out  by  simple  immersion  in  cold  water.  In  ordinary  wool  it  is  less 
abundant,  and  according  to  mML.  Maumen^  and  Bogelet,  the  potussic  sudorate  or  suint 
of  ordinary  wool  forms  on  the  average  about  14  per  cent,  of  the  raw  fleece.  This 
compound  is  not  a  soap,  as  was  formerly  supposed,  the  grease  of  the  wool  (about  84  per 
cent.)  being  in  fact  combined  with  earthy  matter,  chiefly  lime,  as  an  insoluble  soap. 
The  soluble  sudorate  is,  according  to  Maumen^  and  Bogelet,  the  potassium-salt  of  ^ 
peculiar  animal  acid  containing  nitrogen. 

Maumen^  and  Rogelet  rr^cover  the  potash  from  this  compound  on  a  manufacturing 
scale.  The  wool  is  placed  in  casks,  pressed  down  as  much  as  possible,  and  cold  water 
is  poured  over  it  No  greasy  particles  escape  with  the  brown  solution,  and  all  sand, 
&C.  is  retained  by  the  wool,  which  acts  like  a  filter.  The  solutions  (of  specific  gravity 
1*10)  are  boiled  down  to  dryneiw;  the  sudorate,  which  has  the  appearance  of  baked 
molasses,  is  broken  into  lumps  and  calcined  in  retorts.  The  residue  is  lixiviated,  and 
the  liquors  boiled  up  to  30°  and  even  50°  B.  The  chloride  and  sulphate  of  potassium 
crystallise  out  on  cooling,  and  the  mother-liquor,  when  boiled  down  to  dryness,  yields 
carbonate  of  potassium,  free  from  soda. 

The  production  is  generally  140  to  180  lbs.  of  dry  sudorate  of  potassium,  or  70  to  90 
lbs.  of  pure  carbonate,  and  5  to  6  lbs.  of  sulphate  and  chloride  of  potassium  from 
every  1,000  lbs.  of  raw  wool.  (See  Hofinann*s  Report  on  the  Chimical  FrodveU  in 
the  International  Exhibition  of  1862.  p.  42.)  T.  R. 

FOTATO.  Sofanum  tuberosum. — ^Potatoes  (the  tubers)  contain,  according  to 
Henneberff,  Ann.  Ch.  Pharm.  Ixix.  836),  0*34  per  cent. 'nitrogen,  and  75*80  per  cent, 
\rnter.  A  white  variety  analysed  by  Grouven  (Jahresb.  1857,  p.  520)  exhibited  the 
following  composition :  a,  when  grown  with  mineral  manure ;  5,  with  manure  rich  in 
nitrogen. 
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Accoiding  to  J.  J.  Pohl  (Wien.  Akad.  Ber.  riii.  42 ;  Jahresb.  1862,  p.  811),  the 
percentage  of  diy  substance  and  of  starch  in  potatoes  varies  with  their  specific  gravity 
as  follows : — 


Spoeifie 

Drr  •nbeUnce 
to  100  pU. 

Surch  In 

SpMifle 

Dry  niboUtioe 

SUrcfa  in 

gravity. 

100  pa. 

gravity. 

in  100  pit. 

100  pU. 

1090 

23-84 

16-38 

1106 

27-54 

20-06 

1091 

2409 

16-81 

1-107 

27-97 

20-45 

1093 

24-57 

17-11 

1108 

2810 

20-69 

1094 

24-98 

17-52 

1110 

28-99 

21-82 

1099 

25-98 

18-43 

1-116 

29-50 

21-95 

1101 

26-45 

18-98 

1-123 

81-64 

2414 

See  also  LUdersdorff  (DingL  pol.  J.  Ixv.  48),  and  Von  Balling  {Gahrungachemie, 
iL  54,  and  SuppL,  p.  48 ;  also  A.  Vogel  (Chem.  Centr.  1862,  p.  334). 

A  ready  method  of  determining  the  average  specific  gravity  of  a  sample  of  potatoes 
is  to  throw  a  nnmber  of  them  (6—  12)  into  a  strong  solution  of  common  salt,  and  dilute 
the  liquid  with  water  till  some  of  them  sink  in  it,  while  others  float.  The  dilute  salt> 
solution  has  then  the  mean  specific  gravity  of  the  sample,  which  may  accordingly  be 
determined  by  the  hydrometer.  (Fresenius  and  Fr.  Schulze,  J.  pr.  Chem.  li. 
436.) 

On  the  nutritive  value  of  potatoes,  as  compared  with  the  tubers  of  other  plants,  see 
i.  350,  844 ;  iL  710. 

Mh  of  Potato-tubers  (T.  J.  Herapath,  Chem.  Soe.  Qu.  J.  it  4). 


**  White 
apple.- 

••Prtoce'i 
beauty.*' 

**  Axbrldge 
kidney? 

**  Maggtab*' 

"  Forty- 
lold/' 

Ash  in  100  pts.  of  the  plant  J^^ 

1-80 
4-82 

1-06 
8-68 

1-27 
4-36 

1-09 
8-46 

0-88 
3-97 

Ash-constituents  : 
A.  Soluble: 

Carbonic  anhydride   . 

2106 

16-67 

21-40 

18-16 

13-33 

Sulphuric  anhydride  . 

2-77 

4-94 

8-24 

5-60 

6-78 

Phosphoric  anhydride 

5-72 

8-92 

8-77 

6-67 

11-43 

Potash 

53-47 

64-17 

55  61 

55-73 

53-03 

Soda 

trace 

trace 

trace 

trace 

trace 

Chloride  of  sodium    . 

trace 

trace 

trace 

trace 

209 

B.  Insoluble: 

Calcic  carbonate 

0-84 

205 

8-02 

1-96 

2-29 

Magnesic  carbonate  . 

8*53 

0-27 

1*26 

2-56 

0-57 

Calcic  sulphate .... 

trace 

trace 

0-12 

trace 

tmce 

Tricalcic  phosphate   . 

3-36 

0-68 

3-88 

5-37 

2-86 

Trimagnesic  phosphate       .        • 
Basic  ferric  phosphate 

9-25 

12-80 

7-55 

3-54 

7-62 

trace 

trace 

006 

trace 

trace 

SiUca 

Soluble  in  water,  per  cent 

trace 

trace 

012 

trace 

trace 

100-00 

100-00 

99-98 

99-58 

100-00 

88-02 

84-70 

84-02 

86-16 

86-66 

Insoluble          „            „ 

16-98 

15-3Q 

4 

15-96 

18-42 

13-34 

See  also  analyses  bv  G.  F.  Walz  (Jahresb.  1850,  Table  C.  to  p.  661).  For  a  com- 
parison of  the  Hsh  of  healthy  and  diseased  potatoes :  Griepenkerl  (Ann.  Ch.  Pharm. 
Ldx.  354;  Jahresb.  1849,  p.  685);  also  G.  Aemp  (Chem.  Oaz.  1847,  pp.  69 >. 

The  following  table  exhibits  the  amoiint  and  composition  of  the  ash  of  the  stems  and 
tubers  of  the  potato,  as  determined  by  Way  and  Ogston  (Journal  of  the  Royal  Agri- 
cultural Society,  xi.  [2]  529 ;  Jahresb.  1850,  Table  C  to  p.  661) ;  also  of  the  tubent  by 
J.  Moser  (J.  pr.  Chem.  bri.  821;  Jahnub.  1853,  p.  580),  and  by  Schulz-Fleelh 
(Pogg.  Ann.  xnii.  266 ;  Jahresb.  1854,  p.  665) ;  also  by  the  latter,  of  the  peel  cut  from 
boiled  potatoes ;  of  the  residue  (impure  cellulose)  obtained  h^  wa<«hing  the  flnely-ground 
potatoes  on  a  sieve  with  water ;  and  of  the  dried  juice  obtained  by  washing  the  ground 
tubers  with  water,  filtering  quickly^  heating  the  liquid  to  coagulate  the  albumin, 
separating  the  dear  juice  therefrom,  and  evaporating. 
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From  experimpDts  made  by  Nageli  and  Zoller  on  the  growth  of  potatoes,  Lie  big 
(Ann.  Cb.  Pharm.  cxzix.  287)  condades  that  in  a  soil  containing  the  average  amount  of 
nitrogen,  ammonia  may  be  dispensed  with  as  a  constituent  of  the  manure  for  potatoes, 
without  impairing  the  crop  ;  that  for  a  soil  rich  in  potash,  the  addition  of  phosphates 
18  absolutely  necessary,  and  in  a  soil  poor  in  potasn  (but  containing  a  sufficiency  of 
phosphoric  acid)  the  addition  of  wood-ash  is  essential  in  order  to  ensure  an  increased 
production  of  the  tubers.  These  experiments  also  showed  that  when  potatoes  are  grown 
under  otherwise  equal  circumstances,  in  peat,  either  in  its  natural  state  or  manured 
with  phosphoric  acid  and  ammonia,  two-thirds  of  them  became  putrid,  whereas 
those  grown  in  peat  mixed  with  alkaline  phosphates,  carbonate  of  potassium,  and 
gypsum  were  perfectly  free  from  disease. 

The  juice  of  potatoes  contains  asparagin  and  malic  acid  (Hirsch,  A.nn.  Ch.  Pharm. 
li.  246  ;  Ludwig,  Arch.  Pharm.  [2]  cvii.  10;  Jahresb.  1861,  p.  740).  The  aqueous 
extract  of  the  tubers  contains  a  glycoside  soluble  in  alcohol.     (Ludwig.) 

On  the  potato-disease,  see  Jahresb.  1847 — 48,  p.  1105;  1849,  p.  704;  1850,  p.  642. 

POTATO-FAT.  Fresh  potatoes  contain,  on  the  average,  0'73  per  cent,  of  fat 
extractable  by  ether,  about  half  that  quantity,  but  of  different  constitution,  existing  in 
the  peeL  When  the  juice  of  bruised  potatoes,  from  which  the  starch  has  settled 
down,  is  heated  to  boiling,  albumin  and  fat  separate  out,  and  the  latter  may  be 
extracted  by  ether.  Peeled  potatoes  thus  treated,  yield  a  comparatively  light-coloured 
solid  fiit:  uupeeled  potiitoes  a  dark  liquid  fat  By  evaporating  the  ethereal  solution, 
there  are  obtained  from  peeled  potatoes :  a.  White,  slender,  stellate  needles,  which  turn 
brown  at  270^,  without  melting,  are  not  saponifiable,  resemble  suberin,  and  contain, 
on  the  average,  71'34  percent.  C,  10*8  H,  and  16-58  0. 

6.  The  mother-liquor  leaves  when  evaporated  a  yellow  buttery  fat,  consisting  of  a 
mixture  of  fatty  acids,  free  from  glycerides,  and  easily  soluble  in  aqueous  carbonate  of 
sodium.  This  fat  melts  at  42*6°,  contains  between  70*5  and  76*8  per  cent.  C,  10*7  and 
11*7  H,  and  alters  quickly  in  contact  with  the  air.  By  saponification,  decomposition 
with  hydrochloric  acid,  and  solution  in  aqueous  alcohol,  it  yields  crystals  of  fatty  acids 
melting  at  62°.  On  dissolving  these  in  alcohol,  and  mixing  the  solution  with  a  small 
quantity  of  neutral  acetate  of  lead,  thin  laminae  crystallise  on  cooling,  from  which  an 
acid  melting  at  50^  may  be  separated.  The  mother-liquor  mixed  with  a  b^ge  quantity 
of  neutral  acetate  of  lead,  yields  the  lead-salt  of  an  add  melting  at  6S°.  The  acid 
melting  at  60^,  £ichhom*s  soJanostearic  acid^  is  difficult  to  crystallise ;  its  silver-salt 
contains  61*06  per  cent.  G,  8*86  H,  6*98  0,  and  33*11  Ag^O,  agreeing  approximately 
with  the  formula  C^H^AgO*.  This,  or  a  similarly  constituted  add  (73*79  per  cent. 
C.  12-52  H,  and  74*63  C,  13*09  H),  is  likewise  obtained  by  the  distillation  of  potato- 
fat.    It  is,  according  to  Heintz,  a  mixture  of  palmitic  and  myristic  acids. 

c.  Unpeeled  potatoes,  cut  in  slices,  dried  at  100°,  pulverised  and  exhausted  with 
alcohol,  yield,  titeT  evaporation  of  the  alcohol,  an  extract,  from  which  ether  dissolves 
a  brown  syrupy  fat  On  dissolving  this  in  potash-ley,  separating  it  out  again  with 
acid,  and  mixing  it  in  alcoholic  solution  with  ammonia  and  chloride  of  barium,  barium- 
salts  of  the  above-mentioned  solid  fatty  adds  are  precipitated,  while  Eichhom's  sofan- 
oleic  acid  remains  dissolved,  and  may  be  obtained  by  evaporation  as  a  viscid  barium - 
salt,  from  which  alcoholic  hydrochloric  add  separates  the  acid  still  coloured  brown. 
This  solanoleic  add  is  not  converted  into  elaadic  acid  b^  nitrous  acid,  and  is  but  par« 
tially,  or  not  at  all,  precipitated  fiom  its  alcoholic  solution  by  alcoholic  neutral  acetate 
of  lead  It  occurs  also,  though  in  smaller  quantity,  in  tne  fat  of  peeled  potatoes. 
(Eichhorn,  Pogg.  Ann.  Ixxxvii.  227.) 

POTATO  n8]:&4>Z]&.    See  FusxL-on.  (ii.  753). 

FOTSTOra  or  Lapis  ollaris,  A  term  applied  to  the  coarser  granular  varieties  of 
steatite,  of  dark  colour,  and  more  or  less  impure. 

CXAT.    See  Ciat  (i.  1024). 

See    Ure^s  Dictionary  of  Arts,  Manufactures   and    Mines  (iii. 


485— 6G9). 


Syn.  with  Bobax. 

A  blackish-red  colouring  matter  contained  in  the  sediment  of 
old  wines.  It  is  insoluble  in  water,  soluble  in  strong  sulphuric  acid,  and  is  predpitated 
therefrom  on  addition  of  water;  soluble  in  150  pts.  of  alcohol  of  80  per  cent.;  less 
soluble  in  stronger  alcohol,  quite  insoluble  in  ether.  (Bat i  Hi  a t^  Draiti  sur  Us  Fins 
de  la  France.) 

See  GuNPOWDBB. 


VO'UrBBB  or  AZiOASOTR.    Precipitated  oxychloridc  of  antimony  (i.  327). 
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724  POZZUOLANA— PREHNITE. 

WOKLUO'MUkMAm  Fozgalana,  Puzeolana. — ^A  Tolcanic  product  ooenmug  near 
Poczuoli  between  Rome  and  Naples;  also  in  other  countries  in  the  neighbonrbood  of 
extinct  volcanoes,  in  the  Auvergne  district  for  example.  It  is  a  grej  or  yellowiBh- 
brown  mnss,  having  ii  fine-grained  or  earthj  fracture,  and  forms  one  of  the  b«6t 
materials  for  mixing  with  lime  for  the  preparation  of  hydraulic  mortar,  for  which  pur- 
pose it  was  used  by  the  Romans.  The  Italian  poezuolaiia  contains,  according  to  Ba^ 
thier,  44 '5  per  cent,  silica,  16*0  alumina^  8*8  lime,  4*7  magnesia,  12*0  ferric  oxide, 
1*4  potash,  4*1  soda  and  9*5  water. 

A  leek-green  variety  of  massive  quarts. 

Wh<»n  dry  roseo-cobaltic  sulphate  (i.  1053)  is  slowlv  heated 

to  the  melting  point  of  lead,  till  it  acquires  a  purple-lilac  colour,  the  resioue  then 
dissolved  in  hot  water,  and  the  purple-red  solution  mixed  with  excess  of  hydrochloric 
acid,  an  orange-coloured  precipitate  is  formed  containing  luteo-cobaltic  sulphate  and 
chloride,  while  the  supernatant  liquid  contains  luteo-cobaltic  and  purpureo-cobaltic 
chlorides,  together  with  a  leek -green  crystallisable  salt,  the  base  of  which,  not  yet 
examined,  is  designated  by  Gibbs  and  Genth  (Jahresb.  1857,  p.  237),  as  praseo- 
cobalt. 


A  hydrous  dichroite  from  Brakke  in  Norway  (ii  821). 

A  cupric  phosphate  from  Libethen  in  Hungary,  chemically  identical 
with  phosphochalcite  (p.  661).  (Church,  Chem.  News.  x.  217;  Jahresb.  1864, 
p.  862.) 

PSABOOBXOMB.  A  dull  green  incrustation  consisting  of  ealdc  carbonate 
coloured  by  chromic  oxide,  formed  on  the  island  of  Scyro  by  the  alteration  of  chromic 
iron.     (Landerer,  Dana^s  Mineralogy^  p.  501.) 

FXBCZPITATB.  This  term  is  applied  to  BSij  solid  matter  separated  from  a 
state  of  solution  by  the  action  of  heat,  light,  or  chemical  reagents,  in  contradistinction 
to  a  deposit  or  sediment,  which  coDsists  of  solid  matter  mereJy  suspended  in  a 
liquid,  and  settling  down  when  left  at  rest  For  the  methods  of  collecting  and  washing 
precipitates,  see  Dbcanta.tion  (ii.  308),  and  Filtration  (ii.  648). 

PSBCIFITATBp  IVUITB.  A  pharmaceutical  name  of  certain  ammoniaoal 
chlorides  of  mercury ;  chloride  of  mercurammonium,  Hg'H'NK^l*, being  called  fusible 

white  precipitate,  and  chloride  of  dimercurammonium,  llg*H*N'Cl',  infusible 
white  precipitate  (iii.  916). 

]Un>«    Red  oxide  of  mercury. 

A  kind  of  bitter  spar  mixed  with  brucite  from  Predazso  in  the 
Southern  Tyrol.  Hardness  «•  5.  Specific  gravity  »  2*634.  According  to  J.  Roth 
(J.  pr.  Chom.  liL  346),  it  contains : 

CO«.  CaO.  MjfO  FeO>.  APO».  8IO«.  H»0. 

a.  27*46         33-o3         23*27  2*88         3*28         1026     »     100*68 

6.  33*35        46-67         14'o4  0*48  6*96     »     102 

a  may  be  represented  by  the  formula  Ca'CO«.M^H«0« ;  i,  by  2Ca''C0».Mg''HK)« 
(Dana,  ii.  457.) 


lOBATTXra.  A  green,  fine-scaly  micaceous  mineral  from  Pregratten  in 
the  Pusterthal.  Specific  gravity  »  2*895.  Hardness  «>  3.  Contains,  according  \o 
Oellacher  (Jahreab.  1862,  p.  747),  4465  percent  SiO«,  40*41  Al*0»,  1*71  K«0,  7  06 
Na«0,  0*84  FeO,  0*52  CaO,  0*37  MgO,  010  Cr«0»  and  5*04  water,  whence  Oellacher 

deduces  the  formula  2  |^1|^^  |  Si0^3(2AlK)*.3SiO<),  regarding  the  other  constitu- 
ents as  adventitious.  Kenngott^  on  the  other  hand,  regards  the  water  as  essential. 
According  to  Rammelsbeig,  the  mineral  is  probably  identical  with  the  paragon  it  e 
of  St  Gothard,  which  contains  46*81  pr  cent  SiO«,  4006  Al*0",  with  a  trace  of  ferric 
oxide,  0*65  MgO,  1*26  CaO,  0*40  Na«0,  with  a  trace  of  potash,  and  4*82  water. 


I.  Koirpholite,  Edelite,  ChUtoniie. — A  hydrated  silicate  of  alumi- 
nium and  calcium,  occurring  in  trimetric  crystals,  having  the  axes  a:  b\c  ^  0*66963 
:  1  :  1*19035.  Angle  ooP  :  ooP  =  96°  56' ;  oP  :  Poo  »  146°  11  J'.  Ordinary  combi- 
nation 00  P  .  oopoo  .  oo!*oo  .  6Poo  .  oP  ;  also  with  6P,  2P,  §P<»  and  }Pao.  Cleavage 
basal,  distinct.  The  mineral  occurs  also  reniform,  globular,  and  stalactitic,  with  a  crys- 
talline surface,  imperfectly  columnar  or  lamellar  structure,  and  strongly  coherent ;  also 
compact  gnmular  or  impalpable.  Hardness  b  6  to  6*5.  Specific  gravity  »  2*8  to 
2-953.  Lustre  vitroous,  pearly  on  the  basal  inc^.  Colour  light-green,  passing  into 
white  and  grey,  ofton  fading  on  exposure;  streak  uncolourpd.      Subtrnnsparcnt  to 
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subtranslucent.  Fracture  anoTeiL  Somewhat  brittle.  Pyroelectric  It^  gives  off 
water  when  heated  and  melta  before  the  blowpipe  to  a  white  or  yellowish  glass. 
Many  varieties  (koupholite)  blacken  when  heated,  and  giveoff  anempyreumaticodonr, 
but  ultimately  burn  whit«».  It  is  slowly  attacked  by  hydrochloric  acid,  but  gelatinises 
easily  therewith  if  previously  ignited  or  fused. 

Analyses,— a.  From  South  Africa  (K  lap  roth,  Bammelsber^s  MinertUchemie,  p. 
782).—*.  From  Mont  Blanc:  Koupholite  (Walmstedt,  Berz.  Jahresb.  v.  217). — 
c.  Bourg  d*Oisans  in  Dauphiny  (Regnault,  Ann.  Min.  [3]  xiv.  164). — d,  Dumbarton 
near  Glasgow  (Walmstedt). — e.  fidelfors  in  Sm&land:  Eddite  (Walmstedt). — 
/  Radauthal  in  the  Harz ;  ingabbro  (Amelun^,  Pogg.  Ann.  Ixviii.  612).  -g,  Rio  des 
los  Cipreses,  Chile  (Dome yko,  Ann.  Min.  U]  ix.  3). — h.  Niederkirchen,  in  Rhenish 
Bavaria:  in  the  form  of  analcime  (G-.  Leonliard,  Pocg.  Ann.  liv.  479).— f.  From  the 
same  locality,  in  the  form  of  laumontite  (Blum's  Letmhardite)  (Leonhard): 
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b. 

c. 
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.      1-83 

4-45 

4-44 

4-18 

4-43 

4-13 

8-3 

800 
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97*08      100*14      100-46       99  71      100  00      102*40      1001      100  68      100*84 

These  analyses,  neglecting  the  first,  agree  nearly  with  the  formula  2(Ca"O.SiO*). 
Al<0*.SiO*.U*0,  which  requires  4428  per  cent,  silica,  24-60  alumina,  26*82  lime  and 
4*30  water. 

Prehnite  occurs  in  granite,  gneiss,  and  trap-rock,  especially  in  the  last.  It  was 
first  found  at  the  Cape  of  Gtxxl  Hope  by  Colonel  Prehn.  Handsome  polished  slabs  of 
it  have  been  cut  from  masses  imported  from  China.  It  sometimes  occurs  altered  to 
green  eitrth  and  felspar.    (Dana,  iL  314.) 

PRaUJH  ITOZHa  A  mineral  externally  resembling  prehnite,  occurring  in  the 
hornblende  rock  between  Kingsberg  and  the  Solberg  in  Sweden.  It  melts  before  the 
blonrpipe  to  a  white  enamel,  and  is  easily  attacked  by  acids.  Contains,  according  to 
Blomstrand  ( J.  pr.  Chem.  Ixvi.  167),  66*00  per  cent,  silica,  22*46  alumina,  101 
ferrous  oxide,  0*18  manganous  oxide,  7'79  lime,  0*36  magnesia,  10*07  soda,  0*46  potash 
and  104  water  (»  99*36). 

PSXXHnnbA.  The  ash  of  the  several  parts  of  Ftimida  farinosOy  gathered  near 
Ansbach  in  the  summer  of  1863,  has  been  analysed  under  Witts tein's  directions 
(Ann.  Ch.  Pharm.  cviii.  203),  with  the  following  results : 


Roots. 

Leavef. 

Suikt. 

Flower. 

bOMll. 

Entire 
plant. 

Ash  per  cent  in  the  substance  ( 
dried  at  100«.        .         .         ( 

Composition  of  the  ash: — 

Potash 

Soda 

Lime 

MHgnesia        .        .        .        . 
Alumina          .        .        .        . 
Ferric  oxide     .        .        .        . 
Manganoso-manganic  oxide 

Chlorine 

Sulphuric  anhydride 
Phosphoric      „ 
Silicic              „ 
Carbonic         „ 
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6*29 

6-46 

8*41 
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16*61 

22-24 
7-68 

17*94 
8*21 
0-83 
0*43 
0-20 
7-99 
2-77 
698 
8*64 

1709 

10000 

10000 

100-00 

10000 

100*00 

The  composition  of  the  ash  of  the  entire  plant  was  calculated  from  that  of  the  seyeral 
parts. 


A  crystallisable  substance  obtained  firom  the  root  of  the  cowslip^ 
Primula  verts,    (Hnnefoldt,  J.  pr.  Chem.  vii.  68.) 
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An  alloy  of  copper  and  zino  (iL  47). 

Under  this  head  we  shall  treat  of  certain 
modes  of  printing  depending  on  chemical  action,  namely  lithographic  and  aincographio 
printing. 

UttiOfrapby  (from  \iBos  and  ypd^tiv)  i.s  the  art  of  drawing  on  stone ;  and  litho- 
graphic printing  is  the  taking  of  impressions  from  such  drawing.  Its  invention  is  due 
to  Alois  Sennefelder,  who  was  bom  at  Prague  in  1772,  but  practised  his  art  chiefly 
in  Munich. 

The  stone  used  in  lithography  is  a  ftne-grained  limestone  containing  about  97  p^r 
cent,  of  calcic  carbonate,  with  small  quantities  of  silica,  alumina,  and  oxide  of  iroo. 
These  stones  are  found  in  considerable  quantity  along  the  banks  of  the  Danube,  near 
Pappenheim ;  the  best  qualities  are  procured  from  the  quarry  of  Solenhofen.  They  re- 
semble in  their  aspect  the  yellowish- white  lias  of  Bath;  they  should  be  free  from  Teiss^ 
fibres  and  spots,  hard  enough  to  be  scratched  only  with  difKculty  by  a  steel  point,  and 
splinters  bi«aking  from  them  should  exhibit  a  conchoidal  fracture.  To  render  a  stone 
fit  to  receiye  a  dnwing,  its  surface  is  ground  with  fine  sifted  sand  and  water. 

The  drawing  is  made  with  a  crayon  called  lithographic  chMf  composed  of  soap,  wsx, 
and  tallow,  with  a  qiumtity  of  lamp-black  sufficient  to  giro  it  a  dark  tint.  Now  when 
traces  are  made  on  the  stone  with  this  soapy  compound,  a  double  decomposition  appears 
to  take  place  between  the  oleate  and  stearate  of  sodium  in  the  soap  and  the  carbonate  of 
calcium,  resulting  in  the  formation  of  oleate  and  stearate  of  calcium  and  carbonate  of 
sodium.  The  fatty  calcium-salts  thus  produced  are  insoluble  not  only  in  water,  but 
likewise  in  oils,  both  fixed  and  volatile. 

The  drawing  being  completed,  the  stone  is  prepared  for  printing  by  a  process  callnl 
"  ofching,"*  which  consists  in  floating  a  mixture  of  gum-arabic  and  dilute  nitric  acid 
upon  it,  whereby  the  portions  of  the  surface  untouched  by  the  grease  become  covered 
with  an  iusoluble  compound  of  gum  and  lime.  The  action  in  this  part  of  the  process 
is  somewhat  obscure,  but  it  is  probable  that  the  nitric  acid  dissolves  the  supexficial 
particles  of  the  stone,  and  the  resulting  solution  forms  with  the  gum  an  insoluble  gum- 
mate  or  metagnmmate  of  calcium  (iL  954).  One  thing  is  certain,  that  the  gum  becomes 
firmly  fixed  on  the  stoue,  and  cannot  be  remored  even  by  repeated  washing  with  water. 
The  nitric  acid  also  acts  upon  the  chalk  by  laying  hold  of  the  alkali,  and  setting  the 
fatty  adds  free. 

The  stone  thus  prepared  is  next  washed  with  water,  to  dissolve  off  the  excess  of 
gum  and  the  nitrates  of  sodium  and  calcium,  and  afterwards  with  oil  of  turpectioe, 
which  removes  the  excess  of  grease  from  the  drawing  and  renders  it  nearly  invisible. 
The  fatty  calcium-salts  formed  by  the  action  of  the  soap  on  the  carbonate  of  calcium, 
are  however  insoluble  in  the  turpentine  and  remain  untouched ;  and  on  subsequently 
wettiug  the  surface  of  the  stone  with  water,  and  passing  over  it  a  roller  covered 
with  printing  ink,  composed  of  linseed  oil  and  lamp-black  (iii.  273),  the  ink  adheres 
to  those  parts  of  the  surface  where  thcRe  fatty  salts  are  situated,  while  the  remaining 
portion,  which  has  been  acted  on  by  the  ^m,  does  not  take  up  the  printing  ink,  be- 
cause the  fatty  acids  of  the  linseed  oil  are  incapable  of  decomposing  the  compound  of 
lime  and  gum  with  which  those  portions  are  covered,  and  mechanical  adhesion  is  pre- 
vented bv  the  film  of  water  on  the  surface.  The  drawing  is  thus  brought  to  light  again 
with  all  its  original  distinctness,  and  impressions  of  it  may  then  be  taken  off  on  paper 
by  passing  the  stone  under  a  press. 

This  view  of  the  I itho^phic  process  represents  it  as  depending  altogether  on  a  series 
of  chemical  actions.  It  is,  however,  more  commonly  supposed  that  the  ratty  matter  of  the 
lithograpiiic  chalk  simply  adheres  to,  or  is  partly  absorbed  by,  the  posous  surface  of  the 
limestone ;  that  the  parts  thus  penetrated  readily  take  up  the  printing  ink ;  and  that  the 
adhesion  of  the  ink  to  the  other  portions  of  the  surface  is  prevented  by  the  interposition  of 
a  film  of  water.  But  if  this  explanation  were  correct,  a  plate  of  alabaster,  or  sandstone, 
or  porous  earthenware,  or  any  other  stone  capable  of  receiving  a  granular  surfiice,  oog^t 
to  be  available  for  litb^graphy  as  well  as  limestone,  whereas  it  is  well  known  that 
carbonate  of  calcium  is  the  only  kind  of  stone  that  will  answer  the  purpose :  moreover, 
the  mechanical  theory  of  lithography  takes  no  account  of  the  peculiar  action  of  the 
gum,  which  appears  to  be  an  essential  feature  of  the  process. 

Any  kind  of  fine-grained  limestone  maybe  used  for  lithography ;  marble  will  yield 
impivssions  when  treated  as  above;  but  its  crystalline  structure  prevents  it  from 
taking  the  proper  grain.  The  preference  given  to  the  fttones  of  Solenhofen  and 
the  neighbouring  localities  is  owmg  to  the  closeness  of  their  texture  and  to  their 
occurrence  iu  slalw  of  every  required  thickness  parted  by  regular  seams,  which 
renders  the  quarrying  comparatively  easy :  stones  requiring  to  be  sawn  into  slabs  would 
be  too  expensive. 
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We  now  proceed  to  give  a  short  acconnt  of  the  ▼arions  methods  of  writing  or  draw- 
ing upon  Btone  intended  to  print  from. 

Chalk  drawings  are  executed  on  a  stone  to  which  a  granular  surface  has  been 
given  with  a  solid  pencil  (lithographic  chalk),  the  active  part  of  which  consists,  as 
already  mentioned,  of  grease,  or  oleic  and  stearic  acids.  This  chalk  can  be  modified  from 
bard  to  soft  in  different  degrees,  to  allow  of  its  being  cut  to  a  fine  point,  or  in  the 
softer  state,  to  be  used  with  cloth  or  leatlier  stumps ;  it  may  also  be  diraolved  in  spirits 
of  turpentine  or  alcohol,  and  applied  to  the  stone  with  a  brush. 

Lithographic  ink  is  but  a  modification  of  the  chalk,  made  to  flow  more  easily 
when  dissolved  in  water,  being  intended  to  be  used  with  fine  steel  pens  or  fine  sable 
brushes,  that  will  draw  a  hair  line.  In  a  pen  and  ink  drawing  these  lines  must  be  solid, 
that  is  drawn  with  the  ink  in  its  fullest  density  consistent  with  freely  flowing  from 
the  pen;  the  same  with  the  fine  brush.  The  ink  can  also  be  dissolved  in  diffen>nt 
degrees  of  density  to  produce  with  larger  brushes,  lighter  or  darker  washes  or  tints. 

The  solid  chalk  or  liquid  ink  may  also  be  passed  over  the  whole  surface  of  a  stone, 
so  as  to  render  every  part  attractive  for  printing  ink,  and  the  drawing  is  then  worked 
out  from  the  black  by  removing  the  chalk  or  ink  with  a  sharp  point  that  will  make 
white  lines  (exposing  the  stone),  or  with  a  flat  scraper,  which  on  a  grained  surface  will 
produce  a  gradation  of  tints. 

Engraving  on  stone. — ^The  stone  when  polished  is  flrst  rendered  non-attractive  for 
grease,  by  preparing  the  surfiguM  with  a  solution  of  gum  and  nitric  acid,  and  when  it 
is  dry,  the  lines  are  cut  through  this  preparation  with  a  sharp  needle  or  diamond 
point,  whereby  the  natural  stone  is  exposed ;  oil  or  other  fat  is  then  made  to  enter  the 
cut,  rendering  the  line  attractive  for  the  printing  ink,  whereas  it  can  be  wiped  off  from 
the  rest  of  the  surface.  The  stone  can  also  be  drawn  upon  with  a  telution  of  gum  and 
acid,  to  which  some  colouring  matter  has  been  added,  to  enable  the  draughtsman  to 
judge  of  the  effect  When  the  drawing  is  dry,  liquid  ink  or  chalk  is  passed  over  it, 
which  will  render  the  parts  of  the  surface  not  covered  by  the  gum  attractive  for  the 
printing  ink. 

These  examples  will  show  in  how  many  different  ways  fiitty  matter  and  gum  can 
be  made  to  combine  with  the  lime  of  the  stone,  and  how  the  lithographic  process  can 
be  varied.  It  is  to  these  peculiar  advantages  that  Sennefeldet^s  invention  owes  its 
wide-spread  application,  both  for  commercial  purposes  and  as  one  of  the  handmaids 
of  the  fine  arts. 

Composition  of  Lithograpkio  Chalk, 

82  parts  of  Beeswax. 

4      „       Tallow  (purified). 
24      „       Soap. 

1      „       Nitrate  of  potassium,  dissolved  in 

8      „       Water. 

6      „       Lamp-black. 

Composition  of  Lithograpkio  Ink : 

for  Pens,  for  Brush, 

88  parts  of  Beeswax.  16  parts  of  Beeswax. 

„       Tallow  (purified). 
„       Soap. 
„       Shellac. 
„       Mastic. 

„       Carbonate    of     ■odimn,  dis- 
solved in 
„       Water. 
„       Lamp-black. 

Permanent  Liquid  Ink  for  Aviograpkie  uniting:  6  pts.  of  soap,  8  mast-ie,  10  shellac, 
1  rosin,  1  lamp-black,  3  carbonate  of  sodium  (rendered  caustic  and  dissolved  in  4  pts. 
water).  Dissolve  the  whole  in  16  pts.  water,  adding  more  water  if  necessary  to  make 
the  ink  flow  easily.  Autographic  drawing  or  writing  is  executed  on  a  prepsMd  paper 
and  then  transfer!^  to  the  stone. 

Ctaromolifliocimplij*  Drawing  and  printing  in  colours  f^m  stone.  In  this  ap- 
plication of  the  art,  the  plates  of  limestone  offer  pectdiar  advantages,  especially  for  the 
reproduction  of  the  painter's  work,  as  the  various  modes  in  which  the  drawins  mate- 
rials, as  chalk,  ink,  gum,  &c.,  can  be  applied  to  the  surface  of  the  stone  en&le  the 
lithographer  to  approadi  very  closely  the  effect  and  handling  of  a  painting  in  oil  or 
water  cdour. 

*  Or  better,  the  lame  quantity  converted  loto  cauitic  loda. 
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For  the  production  of  a  chromolithogpmpli,  a  nicoession  of  impresnons  is  applied 
to  a  sheet  of  plate-paper  from  a  number  of  stones  on  which  are  <uswn  in  analysis,  as 
nearly  as  possible,  the  various  colours  and  tones  of  the  original  of  which  the  chromo- 
lithograph is  intended  to  be  a  copy.  One  of  the  great  mfficulties  of  the  process  is 
that  nearly  eyezything  has  to  be  drawn  with  the  ordinaiy  saponaceous  Uack  chalk 
and  ink. 

To  copy  a  picture  or  drawing,  and  to  make  all  the  different  colours  correspond,  a 
careful  tracing  is  made  with  lithographic  ink  upon  transparent  transfer  paper,  or  upon 
a  sheet  of  gelatin ;  this  tracing  is  transferred  to  a  stone  called  the  "  keystone,"  and  from 
this  stone  impressions  are  taken  which  are  set  off  in  the  press  on  as  many  stones  as 
will  be  requirod,  the  number  rarying  according  to  the  subject,  twenty  and  even  thiif  j 
being  found  sometimes  necessary  to  produce  the  proper  effect  The  printing  in  coIoor 
is  effected  in  the  same  manner,  and  depends  on  the  same  principles,  as  the  production 
of  a  black  lithograph,  the  various  pigments  being  ground  up  with  thickened  linse^ 
oil,  and  the  resulting  oil-colour  spread  evenly  upon  the  leathern  roUen  with  which 
the  drawing  upon  the  stone  has  to  be  charged.  To  secure  an  exact  a^jastment  of  aU 
the  colours,  the  stone  to  print  from  and  the  sheet  of  paper  to  print  upon,  are  accurately 
and  securely  fixed  into  a  registering  frame  which  forms  part  of  the  press. 

Uneofrapbj'.  Fatty  substances  act  upon  sine  and  other  easily  oxidable  metals 
much  in  the  same  manner  as  upon  limestone,  forming  salts  which  are  insoluble  in 
water.  A  drawing  may  be  made  on  a  zinc  plate  with  the  same  chalk  or  ink  that  is 
used  for  drawing  on  stone,  and  the  remaining  parts  of  the  surface  may  be  rendered 
non-attractive  for  printing  ink  in  a  similar  manner,  excepting  that  the  solution  of  nitric 
acid  and  gum  used  for  the  purpose  must  be  mixed  with  a  concentrated  decoction  of 
nutgalls.  When  the  plate  has  been  covered  for  a  short  time  with  this  solution,  the 
parts  not  constituting  tue  drawing  lose  their  metallic  lustre  and  assume  a  brown  tint, 
and  in  that  state  are  incapable  of  taking  up  printing  ink.  The  mode  of  printing  is  the 
same  as  from  stone. 

Other  metals  give  similar  results  with  more  or  less  distinctness ;  bnt  none  are 
found  to  be  so  well  adapted  for  chemical  printing  as  the  stone  plates  of  Solenhofen. 

M.H. 


C*H«NO«  =  Methalanine,  C»H«(CH>)NO»  ^  AnUdcbtOyrie 

acid,  C«H»(NH«)0«  =  Oxybutyramio  acid,  (C<H«OrVQ.     (R.  Schneider.  Ann.  Cli. 

Pharm.  Suppl.  ii.  70;  Jahresb.  1861,  p.  459.) — ^A  compound  produced  by  heating  bro- 
mobutyric  acid  with  aqueous  ammonia.  It  crystallises  from  alcoholic  solution  in 
stellate  or  furcate  groups  of  small  lamine  and  needles,  which  when  dry,  yield  a  dazzling 
white  satiny  powder,  unctuous  to  the  touch.  It  is  inodorous,  has  a  sweet  taste,  and  is 
neutral  to  vegetable  colours.  It  dissolves  in  about  3*5  pta.  water  of  medium  tempera- 
ture, is  very  slightly  soluble  in  cold  alcohol,  and  requires  560  pts.  even  of  boiling  alco- 
hol to  dissolve  it ;  quite  insoluble  in  ether.  It  is  not  decomposed  by  cold  aqaeoos 
potash,  but  gives  off  ammonia  abundantly  when  fused  with  hydrate  of  potassium. 
When  cautiously  heated  in  a  tube,  it  melts  and  sublimes  partly  undecomposed ;  bnt 
when  quickly  and  strongly  heated,  it  turns  brown  and  carbonises,  emitting  vapours 
which  have  an  alliaceous  odour  and  alkaline  reaction. 

Propalanine,  like  its  homologues,  unites  both  with  adds  and  with  bases.  The  hfdrth 
chlorate,  C*H*NO'.HCl,  crystallises  in  tuftaof  very  soluble,  pointed  needles ;  the  nitratCt 
C^H'NO^HNO',  in  fern-like  groups  of  si  Iky  needles,  easily  soluble  in  water  and  alcohol, 
and  having  an  acid  reaction.  A  solution  of  2  at.  propalanine  in  I  at.  sulphuric  add 
dries  up  to  a  viscid  mass ;  but  with  twice  that  proportion  of  add,  the  neutral  sulphaie, 
(C*H'NO*)*.H*SO*,  is  obtained  in  colourless,  easily  soluble,  concentrically  grouped 
needles. — A  lead-compound,  C"H"Pb"N'0*.H*Pb*0',  is  obtained  as  a  white,  crystalhoe, 
sparingly  soluble  powder,  by  prolonged  boiling  of  aqueous  propalanine  with  lead-oxide. 
— The  stiver-compound,  C^Il"AgN0',  obtained  in  like  manner,  crystallises  on  evaponi' 
tion  over  oil  of  vitriol  in  small  crystals  which  are  quickly  blackened  by  light,  and 
decompose  at  100°.  ^ 

Schneider  thinks  it  probable  that  propalanine  may  occur  in  the  animal  organism 
assodated  with  leucine. 

VBOPABOT&ZC  BTBBX.  (Liebermann,  Zeitschr.  Ch.  Pharm.  1864,  p. 
746.) — When  tribromide  of  allyl  is  digested  for  some  time  with  alcoholic  potash,  the 
alcohol  distilled  therefrom  yields  with  ammoniacal  silver-nitrate  a  white  precipitate,  con- 

taining    ptira    [  ^*  ^'^^  regarded  by  Liebermann  as  the  silver-salt  of  an  ether  to  which 

he  gives  the  above  name.    The  silver-compound  treated  with  a  solution  of  iodine  in 
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C*H*I } 
iodide  of  potammnii  ^elds  an  iodated  oil,  /-mtta  [  O,  from  which,  by  addition  of  iodine 

and  of  bromine,  the  oomponnds,   Qi-oi  [  0,  and     ni-n»     [  O,  may  be  obtained.     The 
corresponding  methyl-componndB  are  formed  in  like  manner. 

VROPBSTZW-&88ZX'.  A  resin  obtained  from  Cucumis  Prophetarum,  (See 
CucuMis,  ii.  172.) 

FllOPIOVAMXBa.  G*H'NO  »  ^'^,*^  |  K.— Produced  by  the  action  of  am- 
monia on  propionate  of  ethyl.  It  is  decomposed  by  heating  with  potassium,  yielding 
cyanide  of  potassium,  hydrogen,  and  Ciirburett^  hydrogen.  By  distiUation  with  phos- 
phoric anhydride,  it  is  conrerted  into  cyanide  of  ethyl  or  propionitrile,  C'H^N  «> 
C'H'NO  —  H*0.     (Dumas,  Malapruti  and  Leblanc,  Compt  rend.  xxv.  657.) 

ffyd'tKhlarate  of  PropUmamide^  C*H'N0.HC1,  is  obtained,  together  with  other  pro- 
ducts, by  the  action  of  moist  chlorine  on  propionitrile  (p.  736).  It  forms  colourless 
crystals  soluble  in  water  and  in  alcohol,  insoluble  in  anhydrous  ether.  When  heate  I 
on  platinum -foil,  it  volatilises,  giving  off  irritating  vapours.  With  platinic  chloride,  it 
yields  chloroplatinate  of  ammonium.     (R.  Otto,  BulL  Soc.  Ohim.  1865,  L  294.) 

Dichloropropionamide,  C*H*C1*N0. — Produced,  together  with  dichloropropio- 
nitrile,  by  the  action  of  dry  chlorine  on  propionitrile.  On  subjecting  the  resulting 
liquid  to  the  action  of  a  freezing  mixture,  the  dichloropropionamide  separatee  in  crys- 
t^ils  which  may  be  purified  by  pressure  between  bibulous  paper,  ciystailisation  from 
absolute  alcohol,  and  sublimation.  It  then  forms  light  nacreous  scales,  soluble  in  water, 
alcohol  and  ether,  melting  at  110'5^  and  solidifying  at  86^  Its  aqueous  solution  does 
not  precipitate  silrer-nitrate.  It  dissolves  without  decomposition  in  ammonia  and  in 
hydrochloric  add  ;  but  on  adding  platinic  chloride  to  its  solution  in  absolute  alcohol 
acidulated  with  hydrochloric  acid,  a  precipitate  of  chloroplatinate  of  ammonium  is 
funned,  containing  the  whole  of  the  nitrogen  of  the  compound,  and  the  filtered  liquid, 
which  has  an  odour  of  mint^  deposits  oily  drops  which  solidify  to  crystals. 

When  dichloropropionamide  is  boiled  in  water  with  mercuric  oxide,  the  latter 
<1i»isolve9,  and  the  liquid  on  cooline  deposits  the  compound  2CH*Cl"N0.Hg''0,  in 
iKxliiles  of  hard  white  needles,  soluUe  in  boiling  water  and  alcohol,  nearly  insoluble 
in  ether,  melting  between  100°  and  110°.  (Otto,  lUp.  Chim.  pure,  iii.  257;  Bull. 
Sc>c.  Chim.  1865,  i.  293.) 

FSOFIoara.     C*H'»0  -  ^^^|  or  ^J^I|  CO.— Discovered  by  Frcmy  in  1835, 

and  ca?Vd  by  him  hfetacetone.  It  is  sometimes  called  ethyl-propionyl,  being  the 
ketone  of  propionic  acid.  It  is  formed,  together  with  ouier  products^  when  sugar, 
starch,  gum  or  mannite  is  distilled  with  excess  of  lime;  also  in  the  destructive  distilla- 
tion of  lactate  of  calcium. 

The  following  methods  of  obtaining  it  are  more  precise : — 

1.  Destructive  distillation  of  certain  propionates,  e.  g,,  propionate  of  barium 
(Morley): 

2(C0.C»H»)?^,  C0>^,  ^  C0.(3»H»( 

Ba"     r      "     Ba'T    "**         C«H»} 
PrnploDateof  Carbonate  of  Proploae. 

biuriiim.  barium. 

2.  Action  of  zinc-ethyl  on  chloride  of  propionyl  (Freund  and  Pebal): 

Zn*'(C«H»)«  +  2C»fl»0a     -     Zn'Cl*  +   2(C»H»0.C«H»). 

3.  Action  of  carbonic  oxide  on  sodium-ethyl  (Wanklyn) : 

CO  +   2NaC«H»     -     Na«  +  CO(C*H»)«. 

Propione  is  a  colourless  mobile  liquid,  lighter  than  water  and  non-miseible  with 
water,  but  freely  soluble  in  alcohol  and  ether.  Its  smell  resembles  that  of  acetone. 
Boiling  point  101°.  It  differs  from  many  members  of  the  ketone  family  in  not  being 
capable  of  forming  a  compound  with  acid  sulphite  of  sodium. 

According  to  Morley,  boiling  nitric  acid  converts  it  icto  propionic  acid,  there  being 
neither  nitropropionic  acid  nor  acetic  acid  produced.  According  to  Chancel,  nitropro- 
pionic  acid  is  formed  by  the  action  of  nitric  acid.  Sulphuric  acid  and  dichromate  of 
potassium  oxidise  it  to  propionic,  acetic  and  carbonic  acids  (Gottlieb).  It  is  hardly 
attacked  when  dropped  on  potash  in  a  state  of  fusion,  there  being  traces  only  of  propio- 
nate of  potassium  formed  (Gottlieb).  Propione  is  isomeric  with  valeral,  but  diners 
from  it  m  its  reactions.  Unlike  valeral,  it  gives  no  compound  with  alkaline  sulphites 
and  no  valerianic  acid  when  oxidised.  J.  A.  W. 

WMO^lomc  ACZB.     Metacetonicacid,  Ethyl-formic  acid,  CH'O'.—The  third 
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acid  of  the  fatty  series,  dificoTered  by  Gottlieb  in  1844  among  the  prodncts  of  tho 
action  of  eau-stic  potash  on  sugar. 

Tilts  acid  is  of  little  importance  as  a  natural  product  It  is  contained  in  erode 
oil  of  amber,  also  in  cocoa-nut  milk  after  it  has  turned  sour,  and  in  the  distillate  fiom 
some  of  the  wines  of  the  Bergstrasse  (Gm.  iz.  p.  402).  B^ champ  (Comptt.  rewL 
liv.  1148)  has  found  it  in  spoilt  wine,  together  with  acetic  and  lactic  acid. 

1.  It  is  of  interest  as  being  the  first  organic  acid,  or  indeed  organic  oomponnd, 
obtained  directly  from  carbonic  anhydride.  Carbonic  anhydride  and  sodium-ethyl  give 
propionate  of  sodium  (Wa  nkly  n,  1858) : 


C0«  +   NaC»H»     -     ^^i^*|0. 


2.  It  stands  in  intimate  relation  to  lactic  acid,  being  related  to  that  acid  in  the 
same  manner  as  acetic  acid  to  glycollic  acid.    In  order  to  render  the 
between  these  compounds  intelligible,  the  following  formuUe  are  conrenient: — 

Lactic  acid.  Propionic  add. 

H*  /H« 


C" 


(HO)  ^     H 

(HO)  IhO 

Propionic  acid  then  is  lactic  acid  in  which  one  atom  of  peroxide  of  hydrogen  has 
been  exchanged  for  one  atom  of  hydrogen.  And  lactic  acid  may  be  oooTerted  into 
propionic  acid  by  first  replacing  one  atom  of  its  peroxide  of  hydrogen  by  cidoiine,  then 
i*pplacing  this  chlorine  by  means  of  nascent  hydrogen  (Ulrich) : 

Lactic  acid.  Chloroproplonic  acid.  Pr<^ionic  acid. 

(H«  fH*  (K* 


(y 


0" 

(HO)  ^ICI 


c^s:  c 


O" 

H 

IHO 


(HO)  \  (HO) 

By  using  hydriodic  acid|  lactic  acid  may  be  at  onoe  converted  into  propionic  add. 
(Lautemapn.) 

3.  A  third  general  reaction  for  the  production  of  propionic  acid  consists  in  the 
double  decomposition  between  cyanide  of  ethyl  (propionitrile)  and  wat«r.  This  trana- 
formation  may  be  effected  either  by  boiling  the  cyanide  of  ethyl  with  potaah-lej 
(Dumas,  Malaguti  and  Leblanc),  or  with  a  mixture  of  1  pt.  of  oil  of  vitriol  and 
2  pts.  water  (Frankland  and  Kolbe).  Both  these  reagents  cause  the  cyanide  to 
decompose  water : 

(}»H»N  +  2H«0     =     C»H»O.H.O  +  NH». 

When  potash  is  used,  it  reacts  on  the  propionic  acid  and  the  ammonia  is  f^ ;  when 
oil  of  vitriol  is  used,  it  acts  on  the  ammonia  and  the  propionic  acid  is  free. 

4.  A  fourth  general  reaction  which  yields  this  acid  is  that  of  Ham  i  tz-  Ham  i  tsky, 
who  exposes  hydride  of  ethyl  and  chloride  of  carbonyl  (phosgene  gas)  to  the  action 
of  sunlight,  and  obtains  chloride  of  propionyl  and  hydrochloric  acid : 

COCl*    +    C«H«     -     ^^;S'^*{    +   HCl. 


+    C«H«     -     <^^^^'l    + 


Chloride  of  propionyl  and  water  give  propionic  add. 

5.  A  fifth  general  reaction  is  the  oxidation  of  propionic  aldehjrde,  which  thereby 
becomes  propionic  acid : 

CH*Oj   +  O     -     C'|*0|0. 

It  is  worthy  of  remark  that  acetone,  which  is  isomeric  with  propionic  aldehyde,  does 
not  give  propionic  acid  on  bein^  oxidised  (Dumas  and  Gottlieb).  Bromacetone, 
however,  is  converted  into  propionic  acid  (or  perhaps  isopropionic  acid)  by  oxide  of 
silver  in  presence  of  water : 

2C«H*BrO  +  Ag«0   +  H«0     =     2AgBr  +   2C^«0«; 

and  acrylic  acid  C*H*0'  is  converted  into  propionic  acid  by  simply  taking  up  2  at 
hydrogen  under  the  influence  of  sodium-amalgam.  (Linnemann,  Ann.  Ch.  Fharm. 
cxxv.  307.) 

The  foregoing  methods  of  making  propionic  acid  are  examples  of  the  five  general 
methods  of  forming  the  acids  of  the  fatty  series.  From  the  circumstance  that  common 
alcohol  is  the  particular  alcohol  of  which  propionic  is  the  derivative,  and  that  so  common 
an  acid  as  lactic  acid  is  the  corresponding  diatomic  acid,  it  comes  to  pass  that  propionic 
acid  is  the  best  acid  of  the  series  for  iSustrating  the  employment  of  these  general 
methods. 
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To  the  foregoing  may  also  be  added  the  method  suggested  by  Kalle  (Jahresb.  1861, 

-  p.  369),  for  convertiiig  the  acids  of  the  oxalic  series  into  acids  of  the  fatty  seTies, 

r  namely,  by  distillation  with  hydrate  of  calcium.    Succinic  acid  thus  treated  does  in 

[  fact  yield  propionic  acid,  according  to  the  equation  C*H*0*  =■  C*H*0»  +   CO*;  but 

'  the  quantity  obtained  is  very  small,  because  the  temperature  at  which  the  reaction  takes 

place  is  very  near  to  that  at  which  the  propionic  acid  suffers  further  decomposition, 

^  yielding  first  acetic  acid,  and  afterwards  carbonic  anhydride  and  hydrocarbons. 

'  There  is  also  a  number  of  special  reactions  which  furnish  propionic  acid,  but  they 

yield  it  mixed  with  some  of  its  homologues.     When  sugar,  mannite,  starch  or  gum  is 

heated  with  caustic  potash,  there  is  foroied  propionate  as  well  as  acetate  of  potassium 

(Gottlieb).     Metacetone,  when  it  is  oxidised  with  chromic  acid,  also  gives  propiouic 

I  and  acetic  acids  (Gottlieb).   Kedteobacher  has  observed  that  when  glycerin  is  treated 

I  with  yi'ast  and  kept  at  30^  to  40^  for  some  months,  it  yields  propionic  add,  little  or  no 

•f.  acetic  acid,  and  traces  of  formic  iiciU.   In  this  process  the  free  acid  was  neutralised  from 

time  to  time.     According  to  Dobereiner,  glycerin  gives  tbis  acid  when  it  is  exposed  to 

the  air  in  contact  with  platinum-black.     Oleic  acid  distilled  with  nitric  acid  gives  pro- 

S ionic  acid  and  a  great  number  of  its  homologues.     Casein,  fibrin,  and  vegetable  fibrin 
istilled  with  peroxide  of  manganese  and  dilute  sulphuric  acid,  give  small  quantities 
of  propionic  acid.     The  putrefaction  of  peas  or  lentils  under  water,  the  dry  distillation 
of  beeswax,  the  oxidation  of  the  more  volatile  distillate  from  rape-oil  \y  means  of 
f  nitric  acid,  also  the  oxidation  of  turpentine  by  nitric  acid,  give  propionic  acid.    The 

f  volatile  oil  of  asafoetida  and  oil  of  mustard  also  yield  this  acid  on  oxidation.    When 

s  citrate  of  lime  is  fermented  with  decaying  cheese,  or  when  sugar  is  fermented  in  contact 

with  cheese  and  chalk,  propionic  acid  is  likewise  formed  (see  Gm.  ix.  403 ). 

Lastly,  propionic  acid  i^  formed  by  the  action  of  hydriodic  acid  on  pyroracemic  acid 
(Wislicenus,  Ann.  Ch.  Pharm.  cxxvi.  225 :  Jahresb.  1863,  p.  374) : 

C^*0«  +  4HI     -     C«H«0«  +  H«0  +   21*. 

Preparation. — 1.  Metacetone,  which  is  prepared  by  the  destructive  distillation  of  a 
mixture  of  sugar  with  lime,  is  allowed  to  run  into  a  largo  retort  containing  dichromate  of 
potas!<ium  and  dilute  sulphuric  acid.  When  the  effervescence  caused  by  the  formation 
of  carl>ouic  acid  is  over,  the  distillation  is  commenced ;  undecomposed  metacetone  goes 
over  first,  then  the  receiver  should  be  chaneed,  and  the  acetic  and  propionic  acids 
collected.  The  separation  of  the  acetic  acid  is  managed  thus.  The  mixed  acids  are 
neutralised  with  carbonate  of  sodium,  and  evaporated  down  to  crystallise;  whereupon 
the  ticetate  of  sodium  crystallises  out,  leaving  the  propionate  in  solution.  The  pro- 
pionate  of  sodium  is  finally  distilled  with  sulphuric  acid,  whereupon  propionic  acid 
distils  over.     (Gottlieb,  Ann.  Ch.  Pliarm.  lii.  121  et  seq.), 

A  better  way  of  sep:trating  the  acetic  acid  is  by  the  employment  of  Liebig*s  plan  of 
fractional  saturation  (i.  250).  The  mixed  acetic  and  propionic  acids  should  be  partly 
saturated  with  potash  and  then  distilled ;  acetate  of  potassium  then  remains  behind  and 
propionic  acid  pusses  over. 

2.  It  is,  however,  better  to  employ  a  process  of  preparation  which  does  not  involve 
the  separation  of  homologues.  The  cyanide  process  answers  very  well.  C}'anide  of 
ethyl  IS  added  by  drops  to  moderately  strong  potash-ley  heated  in  a  tabulated  retort, 
the  distillate  being  repeatedly  poured  back  so  long  as  it  smells  of  cyanide  of  ethyl. 
The  residue  in  the  retort  is  then  evaporated  down  to  dryness  and  distilled  with  syrupy 
phosphoric  add  (Dumas).     (See  also  Williamson,  Phil.  Mag.  [4]  vi.  205.) 

3.  Now  that  both  zinc-ethyl  and  sodium  are  tolerably  cheap,  the  method  of  acting 
upon  sodium-ethyl  with  carbonic  anhydride  has  become  quite  practicable  as  a  mode  of 
preparation.  The  details  of  the  operation  are  as  follows : — Ten  parts  by  weight  of  pure 
zinc-ethyl  and  one  part  of  sodium  are  shaken  up  together;  zinc  then  separates  and 
sodium- ethyl  dissolved  in  zinc-ethyl  is  produced.  Mercury  is  next  added ;  it  takes  up 
the  finely  divided  zinc,  and  there  result  a  lower  layer  containing  zinc  and  mercury,  and 
an  upper  layer  of  clear  liouid  which  is  sodium-ethyl  together  with  zinc-ethyL  Carbonic 
anhydride  is  next  passed  into  the  apparatus,  and  combines  with  the  sodium-ethyl ; 
and  the  solid  product  of  the  reaction,  after  being  treated  with  moist  ether,  and  then  with 
water,  is  finally  evaporated  to  dryness  and  distilled  with  syrupy  phoephorio  add  or 
sulphuric  acid. 

Lauteroann's  method  of  decomposing  lactic  add  with  bydriodie  add  is  also  practi- 
cable as  a  mode  of  preparing  propionic  acid. 

Properties, — According  to  Dumas,  pure  dry  propionic  acid  is  a  solid  at  ordinary  tem- 
peratures. It  boils  at  140^,  and  mixes  with  water  in  all  proportions.  Propionic  acid 
floats  on  phosphoric  acid  or  on  solution  of  chloride  of  calcium.  Bedtenbacher,  who 
obtained  his  acid  by  fermenting  glycerin,  maintains  that  propionic  add  is  not  indefi- 
nitely soluble,  even  in  water,  but  that  when  it  is  mixed  witJi  a  little  water,  a  portion 
of  the  propiouic  ucid  separates  and  floats  on  the  aqueous  solution  of  the  acid.    This 
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ol«prvation  requires  confirmation,  inasmnch  as  it  is  quite  possible  that  Kedteubacliei's 
acid  contained  traces  of  butyric  acid  or  a  higher  homdlogae.  The  smell  of  the  aqueous 
solution  of  propionic  acid  is  very  peculiar.  J.  A.  W. 

Propionates.  C'H^MO'  and  0"H'*M''0^— These  salts  are  soluble  in  wa^er  itnd 
mostly  ciystallisable ;  according  to  Dumas,  the  alkaline  propionates  are  unctuous  to 
tlie  touch. 

The  ammonium-salt  is  converted  by  phosphorous  anhydride  into  propionitrile, 
CT1*(NH*)0*  —  2H'0  =  (^E*l^.^The  potassium-salt,  C*E*KO\foTmB  white 
peurly  lamime.  The  sodium-salt,  C*H*NaO'.H*0,  dries  up  to  an  amorphous  mass 
very  soluble  in  water.  An  acefo-propionate  of  sodium,  C*H»NaO*.C*H*NaO*.}H*0,  was 
once  obtained  by  Gottlieb  in  delicate,  shining,  very  soluble  needles. 

Propionate  of  Barium,  C*H'*Ba''0*,  crystallises  in  monoclinic  prisms  exhibiting 
the  combination  ooP  .  ooPoo  .  oP  .  +  Poo  .  -  Poo .  Angle  oP  :  +  Poo  =  186°  4'; 
oP  :  -  Poo  «  136«  32';  ooPoo  :  +  Poo  -  about  133°;  ooPoo  :  -  Poo  «  133°  ZS; 
ooP  :  ooP  -  97<>  30';  ooPoo  :  ooP  -  131°  16';  +  Poo  :  ooP  =r  116°  2^;  -Poo  : 
ooP  s»  117°  85'.  (Provostaye,  Compt.  rend.  xxv.  782).  It  is  very  soluble  in  water, 
and  the  solution  yields,  by  spontaneous  evaporation,  lai-ge  very  regular  crystals  of  a 
prismatic  salt  conUining  C«H'*Ba"OM£«0,  which  gives  off  its  water  at  100^  (Wright- 
son,  Phil.  Mag.  [4]  vi.  88.) 

The  calcium-salt  crystallises  by  spontaneous  evaporation  in  hifts  of  long  prisms 
containing  C*H'"Ca"0*.H  O.  They  retain  their  water  of  crystallisation  even  when 
dried  over  oil  of  vitriol,  but  give  it  off  at  100°  (Wrightson).  Strecker  obtained 
the  anhydrous  salt  in  silky  scales. 

Cupric  propionate,  OH'^Cu'CH^O,  obtained  by  neutralising  the  aqueous  acid 
with  carbonate  of  copper,  forms  very  regular  green  octahedrons,  sometimes  with  cube* 
faces.  It  dissolves  in  wat-er  with  moderata  ^ility,  and  is  easily  obtained  in  crystals 
by  spontaneous  evaporation.  The  crystals  dried  over  oil  of  vitriol  retain  1  at,  water, 
which  goes  off  at  100°  (Wrightson).  According  to  NickUs  (Compt  chim.  1849, 
p.  348),  it  crystallises  in  small  oblique  prisms  very  soluble  in  alcohol  but  verj*  sparingly 
m  water.  Heated  to  100°  in  a  current  of  dry  air,  it  gives  off  its  water,  together  with 
a  certain  quantitv  of  propionic  acid.  If  from  this  point  the  temperature  be  sud- 
denly raised  to  dull  redness,  the  decomposition  proct-eds  rapidly,  with  evolution  of 
combustible  gases  which  carry  away  a  portion  of  the  salt.  The  products  of  this  distil- 
lation are :  an  odoriferous  liquid  composed  of  propionic  acid  and  an  oily  body  insoluble 
in  water ;  carbonic  anhydride  and  a  hydrocarbon ;  and  a  residue  of  metallic  copper 
and  charcoal. 

Propionate  of  Lead^^The  solution  of  this  salt^  which  has  a  sweet  taste,  dries 
up  without  yielding  cirstals,  to  a  white  mass,  which  when  dried  at  100°  contains  63-4 
per  cent,  oxide  of  lead  (Frankland  and  Kolbe).  According  to  Strecker,  it  forms 
needles  containing  C^H"Pb"0*.Pb"0.    This  formula  requires  77*5  per  cent,  lead-oxide. 

Chloride  of  barium  added  to  a  tolerably  concentrated  solution  of  propionate  of  lead, 
forms  at  first  a  somewhat  copious  precipitate  which  disappears  on  agitation ;  if  the 
addition  of  the  chloride  be  continued,  a  point  is  at  length  attained  at  which  the  pre- 
cipitate no  longer  redissolves ;  if  the  liquid  be  then  fitered,  and  left  to  evaporate) 
chloride  of  lead  separates  at  first,  and  afterwards  magnificent  limpid  ciystals  which 
appear  to  belong  to  the  dimetric  system.  They  dissolve  readily  in  water  and  produce 
gyratoiy  movements  on  the  surfiice  of  that  liquid.  They  contain  4*15  to  3*88  per  cent, 
chlorine,  35-96  to  3570  lead,  and  24-32  to  24*2  barium.  (NickUs,  Ann.  Ch.  Pharm. 
Ixi.  843. 

Propionate  of  Silver,  CH^AgO',  is  obtained  by  adding  nitrate  of  silver  to 
the  concentrated  aqueous  solution  of  the  sodium  salt  as  long  as  a  precipitate  is  formed, 
boiling  the  precipitate  in  the  liquid  till  it  dissolves,  whereupon  some  of  the  silver 
is  reduced ;  and  filtering  at  the  boiling  heat:  the  liquid  then  on  cooling  yields  white, 
sliining;  heavy  granules,  which,  when  examined  by  the  microscope,  are  found  to  oonsiat 
of  needles.  The  salt  when  merely  exposed  to  light  remains  unaltered  for  several  weeks ; 
but  at  100°  it  suffers  partial  decomposition  and  becomes  bkck-brown.  At  a  higher 
temperature,  it  melts  quietly  and  burns  away  without  noise  (G-ottlieb).  When  the 
precipitate  is  dissolved  in  boiling  water,  the  greater  part  of  it  decomposes ;  and  the 
crystals  obtained  from  the  solution  decompose  when  heated,  giving  off  add  vapoun 
(Guckelberger).  According  to  Frankland  and  Kolbe,  it  forms  small  crystalline 
laminse,  which  either  in  the  drv  state  or  in  solution,  blacken  when  exposed  to  light 
or  heated  to  100°.    It  is  less  soluble  in  water  than  the  acetate. 

When  propionic  acid  ia  warmed  with  carbonate  instead  of  oxide  of  silver,  an  acid 
silver-salt  appears  to  be  formed,  and  crystals  may  be  obtained  containing  C'fl^AfiO* 
C»H«0«.    (Wanklyn.)  ®  ^     * 
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Aeetopropionate  of  Silver,  C«H*AgO*C«H*AgO*  is  produced  by  boiling  nitrate  of 
silver  with  a  miztore  of  acetate  and  propionate  of  sodium.  The  filtered  solution  on 
cooling  deposits  the  double  salt  in  arlK>resceut  groups  of  shining  needles.  The  crystals 
may  be  dned  at  100^  irithout  alteration ;  they  do  not  melt  at  a  stronger  heat  and  are 
but  slightly  soluble  in  water.  The  solution  blackens  when  boiled,  fi^m  deposition  of 
metallic  silver. 

Acetopropionic  add  is  also  produced  by  the  fermentation  of  calcic  citrate  in  contact 
with  putre^ing  curd.    (How,  Chem.  Soc  Qu.  J.  t.  1 ;  Gm.  iz.  408.) 

SubstitnUon-derivaiivea  ofFropionio  add, 

WnuMkovfOTploiiKiio  aetd,  CH^BrO*. — Produced:  1.  By  heating  1  at  propionic 
acid  with  2  at.  bromine  to  150°  for  several  days,  and  collecting  the  product  which 
ULSses  over  on  fractional  distillation  between  190° and 210°  (Friedel  and  Machuca, 
Compt.  rend.  liii.  408 ;  Jahresb.  1861,  p.  379). — 2.  By  the  action  of  hydxobromic  acid 
on  lactic  acid: 

(?H«0«     +     HBr      -      C«H»BrO«     +     H*0. 

When  lactic  acid  is  heated  to  180° — 200°  in  a  stream  of  gaseous  hydrobromic  acid,  a 
small  quantity  of  bromopropionic  acid  distils  over;  but  a  better  mode  of  preparation 
is  to  heat  lactic  acid  with  rather  more  than  an  equal  volume  of  cold  saturated  aqueous 
hydrobromic  acid,  in  sealed  tubes  to  100°  for  several  days,  then  agitate  the  product  with 
ether  free  from  alcohol  and  distil  the  ethereal  solution.  The  portion  which  distils 
above  180°  yields  a  large  quantity  of  bromopropionic  acid.  Sometimes,  however,  car- 
bonic oxide  is  formed  at  the  same  time  together  with  a  fragrant  liquid  which,  when 
treated  with  alcoholic  ether,  yields  a  considerable  quantity  of  ethylic  bromopropionate. 
(Kekul^,  Ann.  Ch.  Pharm.  cxzz.  11.) 

Bromopropionic  acid  prepared  from  lactic  acid  boils  at  202°  (corrected  205*5*^)  and 
solidifies  at  — 17°  to  a  radio-crystalline  mass.  It  is  converted  by  sodium-amalgam  into 
propionic  acid  (Kekul^),  and  by  boiling  with  zinc-oxide,  into  lactic  acid  (Friedel 
and  Machuca;  Kekul6).  When  heated  with  alcoholic  ammonia,  it  yields  alanine 
together  with  bromide  of  ammonium  (Kekul^) : 

C»H*BrO«     +     2NH«       -       C«H»NO«     +     NH«Br. 
BroroofM-o-  Alanine, 

piou.c  acid. 

An  acid  called  bromi  tonic  acid,  having  the  composition  ofdibromopropionicacid, 
C'll^BHO'',  is  produced  by  the  action  of  bromine  on  citraeonic  acid  in  presence  of  exeetis 
of  potash  (Cahours).    See  Citbaoonic  Acid  (i.  993). 

CUoroproplonio  aeidp  C'HH]!10*. — This  acid  does  not  appear  to  be  formed  by 
the  action  of  chlorine  on  propionic  add,  but  is  obtained  by  the  action  of  water  on 
chloride  of  lactyl  or  chloride  of  chloropiopionyl,  (C»H*Oy'CP  or  C*H*CI0.C1  (iii.  466). 
It  is  less  volatile  than  propionic  add,  and  smells  like  trichloracetic  acid.  Nascent 
hydrogen  converts  it  into  propionic  acid  (p.  730^.  Its  sUversalty  C*H*C]AgO',  is  less 
soluble  in  water  than  the  propionate,  and  u  resolved  by  boiling  with  water  into  chloride 
of  silver  and  lactic  acid.  The  lead-salt  decomposes  in  like  manner  (Ulr'i  ch,  Ann.  Ch. 
Pharm.  dx.  271).  The  barium^salt,  C*H*Ba 'C1«0*,  evaporated  with  chloride  of  sine, 
yields  a  jsinC'Salt  having  the  properties  of  sarcolactate  of  zinc  (Lippmann,  Ann.  Ch. 
Irharm.  cxxiz.  81.) 

Respecting  Ckloropropionate      Ethyl,  see  Profxonic  Ethbbs. 

Zodoproplpnio  aeld«  C'H*IO'.  (Beilstein,  Ann.  Ch.  Pharm,  cxx.  226;  czxii. 
366;  Jahresb.  1861,  p.  668;  1862,  p.  244).— Produced  by  the  action  of  iodide  of  phos- 
phorus on  glyceric  acid.  To  prepare  it,  62  cub.  cent  of  glyceric  acid  having  a  density 
of  1*26  are  mixed  with  100  grms.  iodide  of  phosphorus  (added  in  three  separate  portions), 
and  as  soon  as  the  action,  which  may  be  allowed  to  go  on  with  considerable  energy,  is 
complete,  the  residue  is  washed  with  ice-cold  water,  till  the  water  runs  off  colourleiis, 
and  the  iodopropionic  acid  which  remains  is  crystallised  once  or  twice  from  boiling 
water.  The  portion  remaining  in  the  mother-liquor,  may  be  extracted  by  ether  free 
from  alcohol,  not  by  eva^ration,  as  the  aqueous  solution  is  decomposed  by  heat  If 
ether  containing  alcohol  is  used,  ethylic  iodopropionate  is  produced. 

Iodopropionic  acid  forms  a  dazzling  white,  nacreous,  crystalline  mass  melting  at  82°. 
It  in  easily  soluble  in  hot  water,  very  slightly  in  cold  water.  The  mother-liquors  of 
the  acid,  when  slowly  evaporated  over  oil  of  vitriol,  deposit  it  in  large,  well-developed, 
apparently  monodinic  crystals.  The  add  dissolves  very  easily  in  alcohol  and  ether, 
has  a  strong  acid  reaction,  and  decomposes  carbonates.  Hydrochloric  add  gas  passed 
into  the  alcoholic  solution,  converts  the  acid  into  the  ethylic  ether. 

The  salts  of  iodopropionic  acid  are  converted  by  boiling  with  water  into  metallic  iodide 
and  hydracrylic  acid  (iii.  177): 
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4C«H»I0«     +     3H»0       -       C"H«0"     +     4HL 
lodoproptonlc  Hydracrylfc 

acid.  acid. 

VitroproploBlo Mid, C*H*NO«  «  C»H*(NO«)0».  (Chancel,  Ann.  Ch- Pharm. 
lii.  295. — ^Laurent  and  Chancel,  [3]  vii.  355;  xiii.  462). — ^Ptoduced  as  a  heary 
yellow  oil  by  heating  butyral  or  butyrone  with  nitric  acid,  and  precipitating  with  water. 
It  haa  an  aromatic  oidour,  a  yery  sweet  taste,  is  dissoWed  slightly  by  water,  and  in  all 
proportions  by  alcohoL  It  remains  fluid  even  at  vezy  low  temperatures ;  is  easily  set 
on  fire,  and  burns  with  a  reddish  flame. 

The  nitropropionates  are  generally  yellow  and  crystallisable :  they  all,  excepting 
the  ammonium-salt,  decompose  with  a  kind  of  explosion  when  gently  heated.  Mineral 
acids  decompose  them,  precipitating  the  oily  acid. 

The  ammonium-salt,  C*H*(NH*XNO«)0«.H*0,  may  be  sublimed  without  decomposi- 
tion.  It  decomposes  spontaneously  when  kept  in  a  close  Tessel,  yielding  a  gaseous 
and  a  liquid  product.  Sulphydric  acid  decomposes  it,  with  precipitation  of  sulphur  and 
formation  of  new  products.  The  potassium-salt,  C*H*K(NO*)0*.H*0,  is  obtained  in 
fine  yellow  scales  by  dissolving  the  acid  in  alcoholic  potash.  It  gives  ofi*  its  water 
at  140^,  and  decomposes  with  explosion  at  a  few  degrees  higher.  It  dissolvns  in 
20  pts.  water,  but  is  nearly  insoluble  in  alcohoL — The  copper-salt  is  a  dirty-green  pre- 
cipitate.—The  lead-salt  is  a  yellow  precipitate 8Uver-saJt,   C»H<Ag(NO=')0«.H«0. 

When  a  solution  of  the  potassium-salt  is  mixed  with  nitrate  of  silver,  a  yellow  preci- 
pitate is  formed,  probably  consisting  of  a  basic  salt;  for  on  boiling  it  with  water,  oxide 
of  silver  is  deposited,  and  there  remains  in  solution  a  silver^alt,  which  crystallises  in 
rhomboi'dal  plates,  and  has  the  composition  above  indicated. 

VSOFIOJrZO  dAXBBBTBB.  C*H*0  -  C^K).H.  Hydride  of  Propionyf. 
Metacettc  Aldehyde,  Propylaldid. — ^This  compound,  discovered  in  1847  byGuckel- 
berger  (Ann.  Ch.  Pharm.  Ixiv.  39),  is  produced:  1.  Together  with  several  other 
aldehydes  and  acids,  by  distilling  casein,  albumin,  or  fibrin  with  sulphuric  add  and 
peroxide  of  manganese,  or  sulphuric  acid  and  potassic  chromate  (Guckelberger). — 
2.  Together  with  butyric  aldehyde,  by  the  dry  distillation  of  a  mixture  of  calcic 
formate  and  butyrate  (Michaelson,  Ann.  Ch.  Pharm.  cxxxiii.  182). — 3.  Together 
with  butyric  aldehyde,  propionic  acid  and  butyric  add,  by  distilling  tetrylic  (butylic) 
alcohol  with  sulphuric  acid  and  potassic  chromate  (Michaelson,  ^nd.  cxxxiv.  69). 

Preparation. — 1.  By  distilling  1  pt.  of  dry  casein  with  3  pts.  of  peroxide  of  manga- 
nese, 4^  pts.  oil  of  vitriol,  and  30  pts.  water.  Skimmed  milk  is  left  to  coagulate;  the 
curd,  freed  as  completely  as  possible  from  the  whey  by  washing  with  water  and  pressure, 
is  dissolved  at  60°  to  80°  in  dilute  sodic  carbonate ;  the  solution  is  maintained  at  that 
temperature  for  some  hours,  the  scum  thereby  formed  being  carefully  removed ;  the 
slightly  turbid  liquid  is  predpitated  by  dilute  sulphuric  acid;  the  curd  repeatedly  stirred 
up  with  hot  water,  and  the  liquid  each  time  pressed  out  of  it,  till  the  water  runs  away 
quite  dear ;  and  the  resulting  casein,  which  contains  but  a  trace  of  fat,  is  dried. — 4*5 
pts.  of  oil  of  vitriol  are  next  diluted  with  9  pts.  water  ;  the  mixture  is  cooled  to  50^  or 
40° ;  I  pt.  of  diy  casein,  pulverised  an  finely  as  possible,  is  gradually  added  to  it^  with 
constant  stirring,  till,  in  the  course  of  a  few  hours,  it  dissolves,  and  forms  a  brown  or 
violet  solution;  and  the  remaining  portion  of  fat,  which  then  rises  to  the  surface,  is 
skimmed  off.  The  solution,  after  standing  for  a  day,  is  diluted  with  10  pts.  water,  and 
introduced  into  a  retort  large  enough  to  hold  twice  the  quantity  and  containing  1^  pt« 
maneanic  peroxide ;  11  pts.  of  water  are  added  (making  up  the  30)  ;  the  liquid  is  dis- 
tilled into  a  well  cooled  receiver,  as  long  as  any  odoriferous  products  pass  over ;  1^  pt. 
more  manganese  is  introduced  into  the  retort,  together  with  a  quantity  of  water  equal 
to  that  which  has  already  passed  over ;  and  the  liquid  is  again  distilled  as  long  as  the 
distillate  has  any  odour. 

The  strongly  add  and  pungent  distillate  is  neutralised  with  chalk,  and  distilled  to 
one-half;  and  the  resulting  neutral  distillate  containing  acetic,  propionic,  butyric,  and 
benzoic  aJdehydcs  is  redistQIed  into  a  well  cooled  receiver,  collecting  only  the  first  portion 
which  passes  over,  till  this  distillate  presents  the  appearance  of  a  milky  water  covered 
with  yellow  oil,  becoming  clear  as  it  cools,  and  gradually  depositing  bitter  almond  oiL 
To  separate  the  propionic  aldehyde,  the  milky  liquid  is  introduced  into  a  retort  or  flask, 
to  which  is  adapted  a  long  tube  slanting  upwards  at  flrst,  and  afterwards  oonveyinn; 
the  vapours  into  the  downwardly  inclined  condensing  apparatus,  and  heated  in  the 
water-bath,  at  first  only  to  40°  or  50°,  at  which  temperature  nothing  but  acetic  aldehyde 
passes  over,  whilst  the  propionic  aldehyde  condenses  in  the  upwardly  inclined  tube, 
and  fiows  back  again.  The  propionic  aldehyde  is  then  distilled  over  at  65°  to  70°,  the 
first  portions  still  containing  acetic  aldehyde,  whilst  the  last  portions,  which  must  be 
collected  apart,  are  fi*ee  from  that  impurity,  and  have  a  pleasant  ethereal  odour  (at  a 
higher  temperature  the  butyral  passes  over,  and  above  100°,  the  bitter  almond  oil). 
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The  distillate  collected  between  66^  and  75°  is  dehydrated  oror  chloride  of  caldnm, 
and  redistilled,  whereupon  it  beg^ins  to  boil  at  40°.  The  distillate  collected  between  60° 
and  70°  is  tolerably  pore  propionic  aldehyde,  not  however  exhibiting  a  perfectly  con- 
stant boiling  point. 

The  formic,  acetic,  propionic,  butyric,  valeranic,  caproic,  and  benzoic  acids,  likewise 
formed  by  the  oxidation  of  the  casein,  remain  in  the  retort  as  calcium-salts  after  the 
Tolatilisation  of  the  aldehydes.    (Guckelberger.) 

2.  A  mixture  of  1  at.  calcic  formate  and  1  at  calcic  butyrate  yields  by  fractional 
distillation  a  product  which,  after  being  neutralised  by  oxide  of  lead  and  dried  by 
chloride  of  calcium,  is  resolved  by  fractional  distillation  into '  propionic  aldehyde, 
boiling  between  64°  and  63° ;  butyric  aldehyde  passing  over  between  65°  and  90°,  and 
amounting  to  about  two-thirds  of  the  whole ;  and  a  small  quantity  of  a  liquid  boiling 
between  48°  and  63°.    (Michaelson.) 

3.  When  12  pts.  of  pure  tetrylic  alcohol  are  added  by  small  portions  to  a  mixture  of 
20  pts.  sulphunc  acid  and  16  pts.  of  acid  potassic  chromate  dissolved  in  water,  the 
mixture  becomes  hot  and  gives  off  carbonic  anhydride,  so  that  external  heating  is 
required  only  towards  the  end  of  the  reaction.  On  distilling  the  product,  propionic 
and  butyric  acids  and  aldehydes  pass  over  below  100°,  while  a  considerable  portion  of 
the  alcohol  remains  unattached;  and  on  neutralising  the  acids  with  oxide  of  lead, 
dehydrating  the  liquid  with  chloride  of  calcium,  and  submitting  it  to  fractional  distil- 
lation, the  propionic  aldehyde,  which  constitutes  the  greater  part  of  the  product,  passes 
over  between  59°  and  61°.    (Michaelson.) 

Propionic  aldehyde  is  a  limpid  neutral  liquid,  having  an  ethereal  odour.  Sp.  gr.  » 
0-79  at  15°  Boiling  point  between  65°  and  66°  (Guckelberger);  64°  and  63° 
(Michaelson).  Vapour-density, obs.  «*  2*111  (Guckelberger);  2*04  (Michael- 
son); calc.  =  2*01.  It  turns  acid  slowly  in  tlie  air,  rather  quickly  in  contact  with 
ptatinnm-black  (Guckelberger).  When  heated  to  100°  with  recently  precipitated 
HilverK>xide  and  a  little  water,  it  is  converted  into  propionate  of  silver,  with  separation 
of  specular  metallic  silver : 

2C«H«0     +     8Ag«0       -       2C«H»AgO     +     H«0     +     Ag*. 

This  character  distinguished  propionic  aldehyde  from 'acetone,  with  which  it  is  isomeric. 
(Michaelson.) 

Tribromopropianic  Aldekyds,  C'H'Br'O. — A  body  having  this  composition  is  formed 
in  small  quantity,  together  with  acid  products,  by  the  action  of  bromine  on  the  alkaline 
salts  of  citraconic  acid  (i.  993).  It  is  a  neutral  oil  insoluble  in  pure  water  and  in 
alkaline  solutions  ;  easily  soluble  in  alcohol  and  ether ;  partially  decomposed  by  heat. 
It  is  uncertain  whether  this  body  is  a  derivative  of  propionic  aldehyde,  or  of  acetone. 

Pffitaehloropropionic  Aldehyde  or  Propionic  Ch/oral,  C'HCI*0. — This  compound 
occurs  amongst  the  products  obtained  by  distilling  starch  with  hydrochloric  acid  and 
manganic  peroxide.  On  saturating  the  crude  distillate  with  chalk  or  sodic  carbonate, 
and  rectifymg  over  a  small  quantity  of  calcic  chloride,  the  propionic  chloral  passes  over 
in  the  first  portion  of  the  distillate,  together  with  an  oily  body,  from  which  it  may  be 
separated  by  agitating  the  liquid  sevenu  times  with  ice-cold  water,  decanting  the  solu- 
tion when  saturated,  and  heating  it,  the  propionic  chloral  then  separating  in  heavy 
drops  having  a  &int  yellow  colour.  By  difitising  these  drops  in  a  small  quantity  of 
water,  and  cooling  to  0°,  colourless  rhombic  tablets  are  obtained,  which  may  be  purified 
from  adhering  oil  by  pressing  them  in  the  cold  between  bibulous  paper.  They  con- 
siyt  of  a  hydrate  of  propionic  chloral,  C'flClK).4H*0.  (Stiideler,  Gerhardfs  Traite, 
ii.  434.) 

VSOPZOmc  WTMBBMm  These  compounds  have  not  been  mnch  examined,  the 
ethyl-compounds  of  propionic,  bromopropionie  acid,  &&,  being  the  only  ones  yet 
obtained. 

Et  hylic  Propionate^  C?H»(C»H»)0*,  is  prepared  by  heating  silver-propionate  with 
a  mixture  of  absolute  alcohol  and  sulphuric  acid,  and  is  separated  from  the  product  by 
water,  in  the  form  of  a  liquid  lighter  than  water  and  having  a  pleasant  fruity  odour. 
It  is  quickly  decomposed  by  ammonia  into  alcohol  and  propionamide. 

Ethylie  Bromopropionate,  was  obtained  by  KekuI6,  by  treating  with  alcoholic 
ether  the  fragrant  liquid  sometimes  produced  in  the  preparation  of  bromopropionie 
add  by  the  action  of  hydrobromie  acid  on  lactic  acid  (p.  733). 

Ethylie  Chloropropionate,  C^B^CiO*  -  C"HXC«H»)aO*  -    ^^^?^[^»*^^ 

Ethylie  Chloroladate  ^^^?^  ( ci  (^-  ^^^^^  ^'»"-  ^-  I*hann.  cvii.  192;  cxil 
232;   Ulrich,  Chem.  Soc.  Qu.  J.  xii.  23).— This  ether  is  produced,  together  with 
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ethylic  chloride  and  water,  by  the  actioii  of  abeolate  alcohol  on  dikride  of  dilaropn' 
pionyl  (chloride  of  lactyl,  iii  646) : 

cmH>a*  +    2cmH)    -    c»H^no«   +   c*H*a    +   h«o. 

It  U  a  liquid  hayinff  a  pleasant  aromatic  odour,  a  speeifle  graTity  of  1*097  at  0^,  and 
distilling  irithont  decomposition  at  150^.  VaponzHlensity,  obs.  »  4*9  (Wnrts); 
calc.  «-  47.  When  heated  with  dodium-^t^latef  it  is  converted  into  diethylie  lactate 
(Wnrtz,iii.  464): 

C«H»    \ci     +      Na  j"      "      (C«H»)»   ^  *^ 

By  the  action  of  na»eerU  hydrogen  (cine  and  dilute  snlphnzic  add)  it  is  oonTeited  into 
propionic  add.    (Ulrich.) 

Eihylie  lodopropionate,  C*H«(C*H>)IO*.— Obtained  by  passing  hydrodikric 
add  gas  into  an  alconolic  solution  of  iodopropionic  add  (p.- 734).  It  is  a  ooborirts 
strongly  aromatic  liquid,  heavier  than  water,  soluble  therein,  and  easily  soluble  in 
alcohol.  It  boils  between  180®  and  200®,  and  appears  to  Tolatilise  withoat  dsoompoed- 
tion.    (Beilstein.) 

PROFZOWZTmXUit  C*H*N,  or  Cyanide  of  Ethyl,   C*H*.GN. — ^Ths  finnatioi, 

properties,  and  most  of  the  reactions  of  this  compound  have  been  described  under 
Gtamidbs  (ii.  211).  The  products  obtained  by  treating  it  with  chlorine  have  receoUy 
been  examined  by  R  Otto  (Ann.  Ch.  Phann.  cxri.  196;  R^p.  Gum.  pnre,  1861,  p. 
267;  Ann.  Ch.  Pharm.  cxxxii  181;  Bull.  Soc.  Chim.  186$,  i  293). 

2>f^cA/<»nn«pa8sed  into  gently  heated  propionitrile,  forms  dichloropropionamide 
(p.  729),  and  dichloropropionitrile,  CH'Cl'N,  which  may  be  separated  by  « 
freezing  mixture,  the  former  then  ciystallisinp;  out ;  and  on  submitting  tne  remaining 
liquid  to  fractional  distillation,  dichloropropionitrile  passes  over  between  104®  auid  107°. 

Dichloropropionitrile  is  a  limpid  liquid  baring  a  disagreeable  ethereal  odoor, 
insoluble  in  water,  soluble  in  alcohol  and  in  ether,  decomposing  in  badly  closed  Tcssela 
It  bums  with  a  smoky  flame,  emitting  pungent  vapours.  When  boilea  with  alkali,  it 
gives  off  its  nitrogen  as  ammonia,  the  last  portions  however  going  off  Yerj  slowly,  and 
yields,  first  chlorinated  adds,  then  acids  fiee  from  chlorine. 

The  residue  left  after  the  distillation  of  the  dichloropropionitrile  is  a  crystalline  masa^ 
having  the  8ame  composition  and  probably  oonsistixig  of  a  polymeric  modification.  ^  It 
forms  fine  czystals  or  scales  melung  at  74*6®,  subliming  with  pardal  decomposition, 
insoluble  in  water,  melting  in  boiling  water,  and  distiUing  over  with  aqueous  vapoor. 
It  dissolves  at  26®  in  7*17  Pts.  of  absolute  alcohol,  and  in  0*77  pt  of  ether.  With 
alkalis  and  adds  it  behaves  like  the  liquid  modification. 

The  action  of  moUt  chlorine  on  ^ropionitrile  is  very  energetic,  and  is  attended  with 
rise  of  temperature,  and  the  formation  of  a  greater  number  of  products.  PropionitrUe 
distils  over  holding  in  solution  hjjrdrochlorate  of  propionamiae,  which  it  deposits  in 
crystals  (p.  729);  hydrochloric  add  is  evolved;  sal-ammoniac  is  depodted;  and  if  the 
action  of  the  chlorine  be  continued,  with  cohobation,  there  finally  remains  a  mass  of 
crystals,  which,  when  washed  with  cold  water,  and  dissolved  in  absolute  alcohol,  yields 
first,  small  iridescent  laminse  of  a  body  A,  having  the  composition  C*H**C1*NK>*  ;  then 
after  the  oily  mother-liquid  has  been  left  for  some  time  over  oil  of  vitriol,  oystals  of 
a  body  B  containing  C£[**C1'N*0* ;  and  finaUy,  an  uncrystallisable  oil  0. 

The  body  A  appears  to  be  formed  according  to  the  equation : 

3C»H»N   +   6C1»  +  4H«0     «     CH'»C1»N«0*   +  4HC1  +  NH«CL 

It  melts  between  166®  and  168® ;  sublimes  when  cautiously  heated ;  is  insoluble  in 
water,  but  soluble  in  alcohol  and  ether ;  and  ctystallises  in  small  rhombic  laminae. 
Its  solution  in  dilute  hydrochloric  add  forms  a  precipitate  with  platinic  chloride,  after 
standing  for  some  time. 

The  body  B  melts  between  161®  and  162®,  and  in  other  respects  resembles  A. 

The  uncrystallisable  oil  C  appears  to  consist  of  the  body  A,  contaminated  with  other 
products  of  substitution.  In  contact  with  sodium-amalgam  and  water,  it  dissolves 
without  evolution  of  hydrogen ;  and  adds  separate  from  the  resulting  liquid  a  yellowish 
mass,  whose  solution  in  dilute  alcohol  contaming  hydrochloric  acid,  yields,  besides  un- 
crystallisable mother-liquor,  featheiy  crystals  of  a  body  D,  which  melts  at  163® — 164® 
and  contains  C»H»C1»N*0». 

The  oil  C  distilled  in  a  saltpetre-bath  yielded  a  small  quantity  of  dichloro-propio- 

^   nitrile  containing  hydrochloric  acid,  and  a  brown  residue  which  solidified  in  a  oystalline 

maHS,  and  dissolved  in  absolute  alcohol,  learing  a  slight  residue  of  sal-ammoniac  This 

alcoholic  solution  deposited  the  three  following  crystidlisable  compounds,  distinguished 

by  their  melting  points  and  their  solubility  in  alcohol : 
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Melting  point. 

R        C»«H"a«N«0«  189  to  1910  sparingly  soluble. 

F.        C»«H*Kn"N*0'  166  to  168°  more  soluble. 

a.        C"H«»C1'N*0»  214  to  2160  from  the  mother-liquor. 

The  action  of  moist  chlorine  on  propionitrile  in  difiused  daylight  likewise  gives  rise 
to  the  formation  of  other  compounds,  but  they  are  very  difficult  to  separate. 

When  moist  chlorine  acts  on  propionitrile  in  direct  sunshine,  the  resulting  brown 
liquid  deposits  on  standing,  crystals  of  dichloropropionamide,  and  the  liquid  decanted 
therefrom  yields  by  distillation,  first  water,  hydrochloric  acid  and  propionitrile,  then 
(between  100^  and  120°)  dichloropropionitrile,  and  lastly  (above  120°)  dichloropro- 
pionamide,  together  with  solid  dichloropropionitrile  (p.  736).  In  one  experiment  the 
liquid  deposited  after  some  time,  cubic  ciystals,  C*H'*G1*N')0.3HC1.H*0,  easily  soluble 
in  water  and  in  alcohoL 

FROVTXi  or  TRXTT&,  C"H\  The  third  of  the  series  of  alcohol-radides,  OH**'*''. 
(See  Tbityl.) 

See  Tbittlamimb. 


F&OPTX^Xn.    See  Tbittuote. 

V&OPTXilO  A&COBO&p  BTBBS,  Jke.    See  TRrmjc  Alcohoi^  Ethbb,  &e. 

• 

V&080  V  ZTB.  A  mineral  occurring  at  Altenbeig  in  the  Ersgebirge  in  crystals,  more 
or  less  altered  to  kaolin.  The  nucleus,  if  still  unaltered,  is  colourless  and  transparent. 
Before  the  blowpipe  it  becomes  white  and  opaque  without  fusing,  and  gives  off  water 
and  hydrofluoric  acid.  It  is  decomposed  by  sulphuric  acid.  A  colourless  specimen  of 
specific  gravity  2*89  was  found  by  Scheerer  (Pogg.  Ann.  cl  861)  to  contain  8*96 
fluoride  of  silicon,  42*68  alumina,  22*98  lime,  0*31  manganous  oxide,  0*26  magnesia, 
0*15  potash,  and  15*50  water  (»  90'83X  from  which  it  is  impossible  to  deduce  a  defl- 
nite  furmula.  According  to  Scheerer^s  measurements,  the  civstalline  form  of  prosopite 
approaches  nearly  to  that  of  heavy  spar.  Dana,  on  the  other  hand  {Mineralogy,  ii. 
502),  regvds  it  as  more  nearly  allied  to  datholite.  Brush  (Sill.  Am.  J.  [3]  xx.  273^ 
found  in  violet-coloured  crystals  of  so-called  prosopite  great  diversity  of  form  ana 
composition.  Some  were  violet  and  consisted  of  fluor-spar ;  others  were  white,  soft 
and  opaque,  and  consisted  of  a  hydrated  aluminic  silicate. 

raOT  AOOWa  A  name  given  byLiebreichtoa  substance  believed  by  him  to  be 
the  chief  constituent  of  nervous  tissue,  from  which  cerebrin,  myelin,  &c.  are  developed. 
To  prepare  it,  brain-substance,  freed  as  much  as  possible  from  blood,  is  reduced  to  a  pulp 
and  treated  with  water  and  ether  at  0^.  From  the  remaining  mass  the  protagon  may 
be  extracted  by  alcohol  of  85  per  cent  at  45^.  On  cooling  the  alcoholic  solution  to  0^, 
an  abundant  precipitate  is  formed  which,  after  being  well  washed  with  ether  and 
zedi&solved  in  warm  alcohol,  crystallises  on  cooling  in  acicular  bundles. 

Protagon  is  colourless,  inodorous,  scareely  soluble  in  ether,  verv  soluble  in  warm 
spirit ;  with  water  it  swells  up  to  a  gelatinous  mass,  which  on  rarther  dilation  be- 
comes an  opalescent  fluid.  Composition,  C^H^'N^PO".  Boiled  with  concentrated 
baxyta-water,  it  is  decomposed  into  glyoero-phosphoric  acid  and  a  new  base,  neurine. 

M.F. 


(rpArrcIbir,  "  pre-eminence  ")  is  the  name  given  by  Jiulder  to  a  product 
obtained  by  the  action  of  potash  on  albuminoids.  He  considers  prote'in  to  be  a  definite 
compound  forming  the  base  of  all  the  albuminoids,  and  imagines  that  these  bodies  differ 
from  one  another  only  by  varying  quantities  of  mdfiimide  (NSPyS,  and  phosphimide 
NH*P  (according  to  Mulder  its  fbrmuU^  C*b**if*0'*),  This  ingenious  theory  is» 
however,  disproved  by  the  fact  that  protein  is  not  a  homogeneous  compound,  as  has 
been  clearly  shown  by  the  experiments  of  Liebig  and  his  ^pils ;  in  fact,  it  is  nothing 
more  than  the  albuminous  substance  more  or  less  modified,  and  always  contains  a 
certain  quantity  of  sulphur.  For  when  an  albuminoid  is  dissolved  at  the  common  tem- 
perature in  dilute  potash,  and  the  solution  is  saturated  by  an  acid,  the  precipitate  thus 
formed  (protein)  contains  the  whole  of  the  sulphur,  not  a  trace  of  which  can  be  detected 
in  the  mother-liquid.  If  concentrated  potash  be  employed,  and  the  liquid  heated,  part 
of  the  sulphur  is  removed  from  the  albuminoM,  and  the  solution  beins  saturated  with 
an  acid,  vields  a  proportionally  smaller  precipitate,  still  containing  smphur.  Finally, 
if  the  whole  of  the  sulphur  be  extracted  firom  the  albuminoid,  the  aULaline  solution 
yields  no  precipitates  with  acids  (Laskowski).  According  to  FIsitmann  and 
Laskowski,  the  reaction  takes  place  more  rapidly  in  weak  potash,  if  the  liquid  be 
heated  with  oxide  of  bismuth  or  silver.  These  oxides  do  not,  however,  remove  all 
the  sulphur.    All  the  desulphurised  matter  appears  to  remain  in  solution. 

The  following  ore  analyses  of  the  so-called  prote'in  ;  they  will  be  observed  to  differ 
very  little  from  the  composition  of  albumin* 
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Fleionmn. 
Duma*  and  Sclie«rer.  , ^ 


Cahourit.         . ^^ — ^^     Bv  the  action  of  oxUe  of 

M oktor.  Jr,  caaein,   Jr.fibrm.  Jr.  korn.  btcmuCh  oo  whU«  at  cot- 

Carbon                                  646        54*4        641        647  63*8  641 

Hydiogen  ...          6-9          71          7*0        .    .  7*3  7-1 

Nitrogen  .        .        .         16-6         16*9        16*6         .     .  162  16-9 

Solphnr 1-4  1-5 

Oxygen 21*5  21-6 

Oxy protein,  or  binoxide  of  protein,  is  another  of  Mnldei's  compounds,  the  ex- 
istence of  which  seems  as  little  proved  as  that  of  protem.  It  remains  insoluble  when 
fibrin  is  boiled  with  water,  and  is  supposed  by  Mulder  to  constitute  the  membrane  of  the 
red  blood-cells,  and  to  enter  into  the  composition  of  the  pellicle  which  separates  from 
inflammatory  blood  (Cauenne  inflammatoire).  According  to  v.  Lacr,  it  is  also  predpi- 
tated,  after  the  protem,  by  the  addition  of  an  acid  to  the  solution  of  homy  matters  in 
potash.  Mtdder  found  63*1  per  cent  C,  6*9  per  cent.  H,  and  14*1  per  cent  N,  and 
07  per  cent.  8. 

Mulder  describes  several  other  substances,  which  do  not  present  the  characteristics  of 
pure  compounds,  e.g,  Trioxyprotnn  (an  insoluble  matter),  erythro-protide  (red  ex- 
tractive matter),  protide  (a  bitter,  soluble  substance),  aulphoprotne  acu2,  gaUotannaU 
of  protein,  and  chlorite  of  protein. 

(Mulder,  J.  pr.  Chem.  xvi.  129;  xvii.  312,  315;  Ann.  Ch.  Fharm.  xxzi.  129. — 
Liebig,  iUd,  Ivii.  132.— Fleitmann,  ibid.  Ixi.  131.)  C.  K  L. 

&J1X.  with  YssiTviAir. 

^OTIO  AOIB.  An  acid  existing,  aooording  to  Limpricht  (Ann.  Ch.  Phann. 
cxxviii.  186 ;  Jahresb.  1863,  p.  648),  in  the  flesh-juice  of  the  roach  {LeuetKu* 
rutUus)  to  the  amount  of  0*7  per  cent.  When  the  extract  of  the  chopped  flesh  prepared 
with  cold  water  is  freed  from  albumin  by  boiling,  the  filtrate  precipitated  by  buyta- 
water,  evaporated  after  being  freed  from  the  precipitate,  and  again  after  standing  for 
48  hours,  to  allow  the  creatine  to  separate,  and  the  remaining  liquid  cautiouslT 
mixed  with  an  acid,  it  solidifies  in  consequence  of  the  separation  of  a  flooculent  preci- 
pitate, consisting  of  protic  acid.  This  acid  is  an  amber-yellow  brittle  mass,  onlj 
sparingly  soluble  in  water,  even  at  the  boiling  heat ;  its  aqueous  solution  dries  up  to  a 
gelatinous  mass.  It  is  moderately  soluble  in  dilute  acetic,  hydrochloric,  or  sulphurie 
acid,  more  easily  in  aqueous  ammonia,  potash,  soda,  baryta,  or  lime.  The  acetic  acid 
solution  is  not  precipitated  by  feirocyanide  of  potassium ;  the  solution  in  ammonia  or 
baryta-water  gives  precipitates  with  most  metallic  salts.  Protic  acid  has  nearly  the 
composition  of  the  protem-compounds.  When  boiled  with  dilute  sulphuric  add,  it  yields 
a  large  quantity  of  leucine,  but  apparently  no  t^rrosine.  It  has  not  been  obtained 
from  the  flesh  of  warm-blooded  animals  or  of  herrings,  or  indeed  of  any  flsh  excepting 
the  roach. 


An  augitic  mineral  occurring,  with  anorthite,  on  the  eastern 
declivity  of  the  Badauberg  in  Uie  Hartz.  It  has  a  light  brownish,  or  greenish  to 
greyish-yellow  colour,  with  a  silky  glimmer,  and  faint  striation.  Translucent,  or  in 
very  thin  lamine,  transparent  Exhibits  two  directions  of  cleavage  inclined  to  each 
other  at  134°,  like  au^rite.  Hardness  «-  6 — 6.  Speciflc  gravity  »  3*29.  Very  thin 
splinters  melt  before  the  blowpipe  to  a  greenish-grey  enamel.  Two  specimens  gave  bj 
analysis  the  following  results : 

Chrorae- 
aO*.       A1*0S.    Co>OS.      FeO.       MnO.     CaO.       MrO.         H'O.        Iron. 

63*46      3*71      0*89        S'f^      016      219      80*86      0*87      0K)7     -     100*74 

64*16      3*04      .     .      Vtn      .     »      2-37       28*37      0*49      .     .     -     100*59 

The  chrome-iron  ore  in  the  flrst  specimen  was  mechanically  mixed,  and  remained 
behind  on  treating  the  silica  with  potash.  The  ferrous  oxide  in  the  second  specimen 
contained  a  small  quantitr  of  chromic  oxide.  The  analyses  show  that  the  mineral  is 
an  augite  M'O.SiO*,  the  silica  being  partly  replaced  by  alumina.  ( A.  S  t  r  e  n  g,  Jahresb. 
1861,  p.  986 ;  1862,  pp.  723,  793.) 

VBOTOGATBCSUZO  ACZBf  C'H'O*. — ^An  acid  isomeric  with  oxysalicylic^ 
carbohydroquinonic  (iii.  214),  and  hypogallic  adds  (iii.  239),  or  perhaps  identical  with 
the  latter.  It  is  produced:  1.  Together  with  oxalic  acid,  acetic  acid,  and  humoua 
substances,  by  the  action  of  melted  potash  on  piperic  acid  (p.  654): 

C«*H»K)*  +   8H«0     -     C'H«0*  +   C»H«0*  +  C«H«0«  +  C0«  +  7H*. 

On  slightly  supersaturating  the  fused  mafes  with  sulphuric  sdd,  concentrating  and 
1  roiling  the  residue  with  alcohol,  a  solution  of  protocatechuateof  potassium  is  obtained. 
Thig  solution  is  to  be  evaporated ;  the  residue  dissolved  in  water ;  the  solution  pred- 
pir.at<  d  by  neutral  acetate  of  h  ad,  the  first  portions  of  the  precipitate,  which  are 
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yellow,  being  rejected ;  and  the  white  flocks  subseqaenUy  precipitated,  are  to  be  deoom- 
posed  by  solphydric  acid.  An  aqueous  solution  is  Uius  obtained,  which,  when  evapo- 
rated, yields  protocatechuic  acid  in  furcate  groups  of  ciystals  and  laminn.  (S  t  r  e  c  k  e  r, 
Ann.  Ch.  Pharm.  czyiii.  280  ;  6m.  xvi.  238.) 

2.  Gatechin,  which,  according  to  Kraut  and  ▼.  Delden  (Ann.  Ch.  Fharm.  cxxviiL 
285 ;  Jahiesbw  1863,  p.  389),  is  isomeric  with  pipezic  add  [or  rather  differs  from  it  by 
1  at.  water,  having  the  composition  C'H'K)*],  ukewise  yields  protocatechuic  acid  by 
fusion  with  potash. 

3.  Maclurin  (morintannie  acid,  iii.  1049),  fused  with  potash  is  resolved  into  proto- 
catechuic add  and  phloroglucin : 

C'»H»»0«  +  HH)     -     C'H«0*  +  C*H*0». 

1  part  of  maclurin  is  evaporated  in  a  silver  basin  with  a  solution  of  3  parts  potassium- 
hydrate,  till  the  mixture  becomes  pasty ;  the  mass  is  then  addulated  with  sulphuric 
add,  evaporated  to  dryne.*»  and  treated  with  alcohol,  which  dissolves  both  the  products 
of  the  reaction.  The  alcohol  is  then  distilled  off,  and  the  aqueous  solution  of  tiie 
residue  is  treated  with  neutral  acetate  of  lead,  which  precipitates  the  protocatechuic 
acid,  leaving  phloroglucin  in  solution.  The  lead-predpitate  is  treated  as  above. 
(Hlasiwetz  and  Pfaundler,  Ann.  Ch.  Fharm.  cxzvii.  351 ;  Jahresb.  1863,  p.  595.) 

4.  By  fusing  guaiaretic  acid,  or  purified  guaiac-resin  with  potash.  (Hlasiwetz 
and  Barth,  Ann.  Ch.  Pharm.  czxx.  346  ;  Jahresb.  1864,  p.  404.) 

Protocatechuic  acid  crystallises  from  aqueous  solution  in  furcate  groups  of  crystals 
and  laminsB  (Strecker) ;  in  thin  prismatic  crystals  (Hlasiwetz  and  Pfaundler) ; 
in  tufts  of  needles  belonging  to  the  monodinic  system  (Hlasiwetz  and  Barth).  The 
ciystals  (air-dried)  contain  C'H'O'.H'O  and  give  off  their  1  at.  water  at  100°.  It 
iUssolves  in  water,  alcohol,  and  ether.  The  aqueous  solution  is  coloured  dark  blue- 
green  by  ferric  chloride,  the  colour  changing  to  dark  red  on  addition  of  alkalis.  It 
reduces  nitrate  of  silver  with  aid  of  heat,  and  on  addition  of  ammonia,  but  does  not 
reduce  potassio-cupric  tartrate  [carbohydioquinonic  acid  separates  cuprous  oxide  from 
the  latter,  iii.  215J.  The  dehydrated  add  melts  at  199^,  and  is  decomposed  by  diy 
distillation  into  pyrocatechin  (unmixed  with  bydroquinone)  and  carbonic  anhyduride : 
C'H«0»  -  C»H«0*  +   00». 

Madurin  (which  is  resolved  by  taking  up  the  elements  of  water  into  protocatechuic 
add  and  pblorogludn)  is  converted  by  nasi'ent  hydrocen  evolved  from  sulphuric  acid 
and  zinc,  into  machromin  C'*H'^*,  a  white  unctystaJiisable  body,  which quiddy  turns 
blue  under  the  influence  of  air,  light,  heat,  and  oxidising  agents.  It  is  probably  formed 
from  protocatechuic  acid,  according  to  the  equation, 

2C'H«0*  +  H*     =     C»'H"0»  +  3HK). 

By  the  action  of  hydrogen  in  alkaline  solution,  on  the  other  hand,  maclurin  is  converted 
into  an  unctystallisable  body  C*'H"0*,  probably  formed  &om  protocatechuic  add,  as 
shown  by  the  equation  : 

2CHH)*  +  H«     -     C"H»K)»  +   3H»0. 

(Hlasiwetz  and  Pfaundler,  Bull.  Soc  Chim.  1865,  ii.  147.) 

The  protocatechuates  assume  a  flne  violet  colour  when  mixed  with  ferric  salts 
Protocatechuaie  of  barium  forms  crystals  containing  C*^H'*Ba"0'.5H'0  (Hlasiwetz 
and  Pfaundler),  and  becoming  anhydrous  at  160^  (Hlasiwetz  and  Barth). 
—The  calcium-Mlt  cont«ins  C'<H>»Ca'^0».4H«0  (Hlasiwetz  and  PfaundlerJ, 
C'«H'«Ca''0*.3H<0  (H  la  s  i  w  e  tz  and  Bar  th).— With  solution  of  neutral  acetate  ^Uad, 

the  aqueous  acid  forms  white  flocks  of  a  basic  salt,  C'ltf 'f  b»0«.Pb' O.HH),  which  dis- 
solve in  ammonia,  potash,  and  acetic  acid  (Strecker).  The  latter  solution  when  eva- 
porated deposits  colourless  granules  of  the  neutral  salt  C**H''Pb''0*.2H'0,  which  give 
off  their  2  at  water  at  140^,  and  dissolve  with  difficulty  in'  acetic  add  (Strecker).  Ac- 
cording to  Hlasiwetz  and  Barth,  the  precipitated  lead-salt  contains  C'^H'«PbO*.2Pb"0. 

FKOTO-COMFOmrBS.  The  pre^  j>rpfo  was  originally  used  to  denote  the  first 
of  a  series  of  binary  compounds  arranged  accordioff  to  the  number  of  atoms  of  the 
electronegative  element  In  this  sense,  cuprous  oxiae,  Cu*0,  mercurous  oxide  Hg^O; 
and  stannous  oxide  Sn'O,  would  be  protoxides.  At  present,  however,  it  is  most 
commonly  used  to  designate  that  compound  in  a  series  whicu  contains  1  at.  of  the  electrce 
negative  element,  a  sense  which  agrees  with  the  finrmer  in  most  cases,  but  not  in  all; 
stannous  chloride  Sn"Cl*  for  example,  is  a  dichloride  accordiiig  to  the  latter  significa- 
tion, a  protochloride  according  to  the  former.     (See  Koxemcxatubx,  p.  123.) 

nOTOOSn.  A  granite  occurring  in  Mont  Blanc,  consisting  of  quarts,  ortho- 
dase,  oligodase,  talc,  and  mica.  (Deles se,  BulL  Soc.  g^log.  de  la  France  [2] vi  230.) 

FBOVSTXra.    Ught  nd  saver  ore,    Lichier  Sothgmigere,    JraenikgilfmUmde. 
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PROVENCE  OIL-PRUNUS. 


A  sulpharaeiiite  of  silrer  oocnmng  in  rhombohednl  crystals,  in  wbicb  the 
Hxis  of  R  «  0-8076,  aad  the  angle  of  the  terminal  edges  »  107^  36*.  The 
faces  are  those  of  the  sealenoh^rons  R*  and  R\  combined  with  the  prism  aDP2  and 
other  faces.  Cleavage  tolerably  distinct,  parallel  to  R.  Twins  are  of  frequent  oocsr- 
rence.  The  mineral  also  occurs  grannbir.  Hardness  i«2— 2'5.  Specific  gESTity  ^ 
6*422 — 6'66.  Lnstie  adamantine.  Ck>loar  and  streak  cochineal-Ted.  Snbtraosparent 
to  Bubtranslncent.  Fracture  conchoidal  to  uneven.  Before  the  blowpipe  it  giTea  off 
arsenical  fumes  and  on  charcoal  ultimately  leayes  a  globule  of  silver.  BisaolTes  ia 
nitric  acid.  €Kyes  by  analysis  19*51  per  cent  sulphur,  15*09  arsenic,  0*69  antimony, 
and  64*67  silver,  agreeing  nearly  with  the  formula  Ag'AsS"  or  SAg'S.AsS'  (H.  Bose^ 
Pogg.  Ann.  XT.  472).  Occurs  in  Saxony  at  Johanneeorgenstadt,  Marienbctn  and 
Annaberg ;  at  Joachimsthal  in  Bohemia;  Wolfach  in  Baden;  Markirchen  in  ^iUaaoe; 
Chalanches  in  Dauphin^ ;  Guadalcanal  in  Spain ;  also  in  Mexico  and  Pern. 

V&O vawca  OZ&.  A  name  applied  to  oUve  oil  obtained  l>y  cold  presBore  from 
the  ripe  fruits  immediately  after  gatnering. 

MF  or  Nitrum  Ubuiatum.    Fused  saltpetre. 

Syn.  with  Bassobot.    (See  Gtix,  ii.  955.) 

A  greyuh-Tiolet  variety  of  limestone,  from  Faroe. 

Hum, — 1.  PrwnuM  domestica, — The  composition  of  aeTeral  varietiea  of 
plum,  as  determined  by  Freeenius  and  others,  is  given  under  Faurr  (IL  714,  715^ 

The  fleshy  part  of  mussel  plums  has  been  found  by  Pa^en  (J.  Phann.  [3]  xvi.  279) 
to  contain  12 -99  per  cent,  water,  0*73  per  cent  nitrogen  (in  the  fresh  substance),  and 
2*62  ash  (in  the  dried  substance).  According  to  W.  Tod  (J.  pr.  Chem.  hdL  503; 
Jahresb.  1854,  p.  665)  fresh  mussel  plums  contain  9*3  per  cent,  fleshy  substance  and 
7  per  cent  stone.  When  dried  at  lOO^',  the  flesh  gave  60*7  and  the  stone  30*9  per  e«nt 
water,  100  parts  of  the  fleshy  substance  and  of  the  stones,  both  in  the  fr&ah  states 
yielded  the  following  quantities  of  inorganic  constituents : 


Belobtola 


kG' 


iBMlubtoin 
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C«0     kJo     80>    I^O^  r^«0>  APO»    C«0    MgO  MnO    P«0»    8IO« 


FlMta 
Stone 


•OH 
•OSS 


•175 
•080 


•021 


'OOt 
•OlS 


•oos 


•063 
•124 


•010 
•040 


•002 
DOl 


•0.%S 
•064 


•002     n 
•086    a 


•012      -026      -OaO      •021      '012      '014 

Faisit  (Jahresb.  1852,  p.  811)^  found  in  dried  French  mussel  plums  a,  in  Wutem- 
burg  mnssel-plums  of  the  first  quality  5,  and  of  second  quality  c,  the  following  quan- 
tities of  water,  sugar,  and  add: 

0.  5.  c. 

Water     ....        32*2  27*9  27*9  per  cent. 

8u^      ....        48-1  56-8  47-6 

Acid        .... 


M 


2*5 


3-0 


8-9 


I* 


dA  qf  (Mean*  Humb  (T.  Bichardson).* 


8kla 

FloU 

Bndrs 
Ihiit. 

KotmI. 

SUnoT 

Potash       .        •        .        •       « 

oflhilt. 

59-21 

58-86 

54*59 

26-52 

21-69 

Soda. 

•        •        • 

0*54 

35*2 

8*72 

1*94 

7-69 

liime.        •        .        4 

10-04 

8-25 

4*86 

8-49 

28-06 

Magnesia  . 

5-46 

9-29 

4*69 

1617 

8-77 

Sulphuric  anhydride  . 

8-88 

1-96 

3-28 

7-11 

6-61 

Silicic              „ 

2-36 

0-81 

315 

2-38 

2*67 

Phosphoric       „ 
Feme  phosphate 
Chloriae  of  sodium    . 

12*26 

9-85 

15-44 

3305 

25-24 

6*04 

7-45 

4-80 

8-83 

4-37 

trace 

.     • 

0-62 

0-49 

trace 

99*74 

99*99 

10010 

99-98 

10000 

Ash  per  conL     • 

1                       4 

« 

0*40 

0*89 

0*31 

1-64 

0-24 

2.  Pnmui  MtdakA. — ^The  hark  of  this  tree  contains,  besides  the  vsnal  plantFcon- 
etitaents,  an  iron-greening  tsanin,  an  indifferent  bitter  principle,  phlobapnene,  ooa- 
marin  and  oddc  oxalate.    Dried  at  100**  it  gaTB  11-2  per  cent  ash,  containing  6*79  per 

•  Ann.  Ch.  Pbftm.  Ixrli ,  Anhang  sam  8te  Reft ;  Jataretber.  1847-48,  Ttfel  C  lu  S,  107&. 


PRLSSIAN  BLUE.  741 

eent.  X*0  (with  a  little  aoda),  49*20  CaO,  8*44  MgO,  0*23  FeO,  004  a,  0*20  V^O*, 
0*00  SiO*,  and  39*19  CO*.    (Kittel,  Jahresb.  1858,  p.  626.) 

8.  Prunus  tpinow, — The  blackthorn  or  Sloe.  Ripe  sloes,  treated  snooessiyely  with 
different  solvents,  yield  2*2  per  cent,  matter  soluble  in  ether  (iron-greening  tannin, 
malic  acid  and  caidum-salts,  waxy  fSity  chlorophyll,  and  a  small  quantity  of  volatile 
oil) ;  4*8  per  cent,  matter  soluble  in  alcohpl  (sugar,  iron-greening  tannin,  malic  acid 
and  calcium-salts,  red  colouring  matter,  green  resin) ;  4*8  per  cent,  matter  soluble  in 
yxUfr  (gum,  pectin,  malic,  sulphuric,  and  phosphoric  acids,  combined  with  potash, 
lime,  and  magnesia;  extractive  matter);  1*7  per  cent,  soluble  in  hydrochloric 
acid  (ferric  gulate,  matter  converted  into  humous  substance,  calcic  and  magnesio 
phosphates);  16*1  per  cent,  vegetable  fibre  (together  with  the  stones,  the  kemelfl 
of  iraich  when  trec^ed  with  water  yielded  pruseic  add) ;  and  70*9  per  cent,  water. 
The  colour  of  the  ripe  fruit  is  due  to  a  purple-red  substance  separated  on  the  inner 
surface  of  the  skin,  and  agreeing  in  all  essential  characters  with  the  red  colouring 
matted  of  the  grape.  (J.  B.  Ens,  Jahresb.  1857,  p.  628). — According  to  Schreiner, 
iirid,  1856,  691),  sloes  contain  malic  add,  tartaric  add,  and  an  iron-greening  tannic 
add.  The  freui  fruit  yielded  66*4  per  cent,  water,  and  0*72  per  cent,  ash,  containing 
8-49  K«0,  4-8  Na«0,  9*6  CaO,  62  MgO,  0*9  FeH)«,  trace  of  MnO,  0-6  A1K)»,  9*3  Cl, 
1*8  S0«,  106  P»0»,  70  SiO*  and  24*1  00«. 

WWeUBMUkM  a&VB.  Beriinerblau.  Bl<u  de  PnuM.  Bleu  de  i\im.— This 
well-known  hlfOfi  pigment  consists  essentially  uf  hydrated  ferric  ferrocyanide, 
Fe'Cy»18HK)  -  (FO*(^e"Qr5».18HK),  generally  mixed  with  varying  quantities  of 
potassio-ferrous  ferricpnide,  XFe'Cy*  -  (EFe'')Fe"'Cy<.— It  was  accidentally  dis* 
covered  in  1704  by  Diesbach,  a  colour-maker  in  Berlin,  who  was  preparing  Florentine 
lake  by  adding  carbonate  of  potassium  to  a  decoction  of  cochineal  mixed  with  alum 
and  ferrous  sulphate,  and  used  for  the  purpose,  an  alkali  over  which  the  empyreumatie 
oil  of  blood  had  been  rectified  for  the  preparation  of  Dippers  animal  od.  On  ex- 
amining the  conditions  of  its  formation,  it  was  found  that  ue  blue  colour  could  be 
produced  by  calcining  blood  with  potash,  and  predpitating  the  ley  thus  obtained  with 
lenous  sulphate.  A  more  exact  direction  v>t  its  preparation  was  first  given  by 
Woodward  of  London  in  1724.  He  deflagrated  equal  parts  of  tartar  and  saltpetre, 
ealdned  the  residue  with  dried  ox-blood,  and  predpitfli<ed  the  resulting  alkaline  lev 
with  ferrous  sulphate  and  alum,  whereby  a  g^reenish  precipitate  was  obtained,  whicn 
turned  blue  when  treated  with  hydrochloric  acid. 

Pure  ferric  ferrocyanide  can  be  obtained  by  only  one  process,  namely,  by  mixing  a 
ferric  salt  with  solution  of  ferrocyanide  of  potassium,  keeping  the  former  in  excess,  then 
washing  and  drying  the  predpitate.  The  product  thus  obtained,  which  has  a  splendid 
dark  blue  colour,  is  often  called  Paris  blue. 

For  preparation  on  the  Iaw  scale,  however,  it  is  customaiy  to  use,  instead  of  a 
pure  ferric  salt,  a  solution  of  ferrous  sulphate  (copperas)  which  has  been  partially 
oxirlifted  by  exposure  to  the  air,  and  subject  the  resulting  bluish-white  precipitate  to 
the  action  of  oxidising  agents.  The  product  thus  obtained  is,  as  already  observed,  a 
mixture  of  ferric  ferrocyanide  with  potassio-ferrous  ferricyanide  (ii.  228).  A  common 
mode  of  proceeding  is  to  mix  solutions  of  100  pts.  ferrocyanide  of  potassium  and  80 
ferrous  sulphate  at  the  ordinary  temperature,  wash  the  precipitate  with  water ;  heat  it 
with  wnter  to  the  boiling  point,  add  30  pts.  nitric  acid  of  28^  Bm.,  and  from  15  to  30 
ptK.  oil  of  vitriol,  then  wash  the  predpitate  and  dry  it  l^  heat.  (Gentele,  Pingl, 
polyt.  J.  Ixi.  462.) 

This  procesfs  does  not,  however,  yield  a  very  fine  blue.  A  better  product  is  obtained 
bv  oxidising  the  white  predpitate:  a.  With  nitro-murioHo  aeia.—b.  Vfiihferrie 
chloride^  which  is  thereby  remiced  to  ferrous  chloride,  and  may  be  used  again  for 
precipitating  a  solution  of  the  ferrocyanide.  The  solution  of  ferric  chloride  may  be 
prepared  by  digesting  red  or  brown  hsmatite,  free  from  lime  and  clay,  or  the  basio 
ferric  sulphate  obtained  as  a  residue  in  the  preparation  of  Nordhausen  sulphuric  acid, 
in  crude  nydrochloric  acid.  The  white  precipitate,  after  filtration,  and  while  still  of  a 
pasty  consistence,  is  heated  in  a  copper  vessel  to  the  boiling  heat,  then  quickly  turned 
out  into  a  tub,  and  well  mixed  by  stirring  with  the  solution  of  ferric  ohloride  till  it 
has  acquired  its  full  depth  of  colour.  The  liquid,  which  contains  ferric  as  well  as 
ferrous  chloride,  is  separated  by  filtration  or  decantation,  and  digested  with  pieces  of 
iron  to  reduce  it  completely  to  ferrous  chloride. 

c.  By  a  solution  of  manganic  chloride,  which  is  thereby  reduced  to  manganous  chloride. 
The  economy  of  this  method  depends  upon  local  circumstances.  As  the  commerdal 
value  of  mantfanese-ores  depends  upon  the  proportion  of  peroxide,  MnO*,  which  they 
contain,  and  in  the  common  ores  this  oxide  is  often  mixed  with  a  considerable  quantity 
of  manganic  oxide,  which  may  be  extracted  by  cold  hydrochloric  add  in  the  form  oif 
manganic  chloride,  this  treatment  may  be  ap^ied  so  as  actually  to  inqpoaia  th^  Taltio 
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of  the  ores  (that  ifl,  their  chlorine-piodacifig  power),  and  at  the  same  time  obtun  a 
solution  adapted  for  converting  the  white  precipitate  into  Prussian  blue. 

d.  "By  chramie  acid. — The  white  precipitate  is  heated  to  the  boiling  temperatare, 
and  mixed  with  an  oxidising  liquid  prepared  by  dissolving  10  pts.  dichromate  of 
potassium  in  10  pts.  hot  water,  and  adding  to  it  when  cold  13^  pts.  oil  of  Titriol,  till 
it  has  acquired  its  full  depth  of  colour.  The  chromic  acid  is  therebj  reduced  to 
chromic  oxide,  a  compound  which  possesses  considerable  value  as  a  colouring  matter. 

Whatever  be  the  oxidising  agent  used,  it  is  essential  to  the  production  of  a  fine 
colour  that  the  white  precipitate  be  converted  into  Prussian  blue  entirely  by  its  agency, 
and  not  by  atmospheric  oxidation.  For  this  reason  the  ferrous  sulphate  must  be  as 
free  as  possible  from  ferric  salt,  which  end  is  best  attained  by  placing  some  sczBps  of 
metallic  iron  in  the  vessel  in  which  the  solution  is  left  to  clarify  before  use,  by  which 
also  any  copper  that  it  may  contain  is  precipitated ;  and  the  white  precipitate,  as  soon 
as  formed,  must  be  filtered  as  quickly  as  possible,  and  immediately  subjected  to  the 
action  of  Uie  oxidising  liquid.  (Wagner  s  Jahnsberichi  dtr  ChemHuclun  Ttcknalogie^ 
1866,  p.  88.) 

Common  or  hatio  Prussian  blue  is  an  inferior  article  prepared  by  the  following 
process,  which  is  the  oldest  of  all  the  methods.  A  solution  of  1  pt.  ferrous  si^phsta 
and  2  to  4  pts.  alum  is  precipitated  by  solution  of  ferrocyanide  of  potassium  prepared 
as  describea  under  Ctaiodbs  (iii.  231),  and  the  dark-coloured  precipitate,  oonsisting  o€ 
a  mixture  of  alumina,  ferrocyanide  of  iron  and  potassium,  and  hydrated  sulphide  ol 
iron,  is  washed  with  cold  water,  till  by  the  action  of  the  air,  the  sulphide  of  iron  ia 
converted  into  ferrous  sulphate,  and  washed  away,  and  the  potassio-forrous  ferrocy- 
anide is  converted,  with  loss  of  ferrocyanide  of  potassium  (ii.  228),  into  Prussian  blue. 
The  chief  use  of  the  alum  is  to  saturate  the  free  alkali  contained  in  the  crude  aolution 
of  the  yellow  prussiate,  and  prevent  it  from  forming  a  precipitate  of  oxide  of  iron, 
which  by  its  red-brown  colour  would  spoil  the  blue.  The  precipitated  alumina  renders 
the  blue  paler,  but  on  the  other  hand,  it  adds  to  the  weight  of  the  product.  Prussian 
blue  thus  prepared  may  be  freed  from  the  greater  part  of  the  alumina,  basic  ferric 
sulphate,  potassium-salts,  and  other  impuritief*,  bv  digestion  with  dilute  sulphuric  acid, 
and  subsequent  washing  (Turner) ;  or  by  dissolving  it  in  strong  sulphuric  acid,  pre- 
cipitating with  water,  then  digesting  it  in  hydixx^hloric  acid,  and  again  washing  with 
water.    (Berzelius,  Lehrbttch,) 

Attempts  have  been  made  to  utilise  the  waste  lime  and  lime-liquors  of  gas  works 
for  the  preparation  of  yellow  prussiate  and  Prussian  blue.  This  ^-lime  contains 
cyanide  of  calcium  and  cyanide  of  ammonium,  as  well  as  free  ammonia.  The  latter  is 
expelled  by  the  action  of  steam;  the  residue  is  lixiviated  with  water;  and  the  solu- 
tion, which  contains  Uie  cyanides,  is  converted  by  addition  of  iron-salts  into  ferrocy- 
anides  and  Prussian  blue.  A  patent  for  this  use  of  gas  lime  was  taken  out  in  this 
country  by  Mr.  Spenoe  in  1837t  &iid  a  similar  process  was  patented  in  France  by 
Krafft  in  1835  (Dingl,  polyt.  J.  cxxxv.  393).  According  to  Krafft,  1,000  pounds 
of  gas-lime  may  be  m^e  to  yield  fh>m  12  to  15  pounds  of  Piiissian  blue  and  15  to  20 
pounds  of  ammonia-salts. 

According  to  Pohl  (J.  pr.  Chim.  Ixiii.  382),  Prussian  blue  is  sometimes  adulterated 
with  starch  turned  blue  by  iodine.  This  (somewhat  improbable)  adulteration  maj 
be  detected,  if  in  large  quantity,  by  the  smdl  of  hydriodic  acid  emitted  on  boiling  the 
substance  with  water,  and  if  in  smaller  quantity,  by  holding  in  the  mouth  of  the  tc«t- 
tube  in  which  the  Prussian  blue  is  boiled,  a  strip  of  starched  paper  moistened  with 
very  dilute  hydrochloric  acid ;  if  iodine  is  present  the  paper  will  be  turned  blue. 
Prussian  blue  is  sometimes  also  adulterated  with  chalk,  gypsum  and  clay. 

Properties. — ^Pure  Prussian  blue  has  a  very  dark  blue  colour.  It  usually  occurs  in 
hard  brittle  lumps  having  a  coppery  lustre  and  oonchoidal  fracture.  It  is  very  hy^pro- 
scopic,  inodorous,  tasteless  and  not  poisonous.  When  contaminated  with  alumina, 
clay,  &c.,  it  has  a  paler  colour  and  more  earthj^  fracture.  As  a  pigment,  Prussian  blue 
possesses  great  body  and  covering  power.  It  is  ^extensively  used  both  alone  and  mixed 
with  other  colours.  With  chrome-yellow  it  forms  a  delicats  green  called  green 
cinnabar.  Respecting  the  reactions  of  Prussian  blue,  see  Ctanidxs  of  Isor 
(it  228). 

PAVMitC  ACXD«  Syn.  with  HYDBOCTAinc  Acm  and  Ctanidb  of  Htusooeit 
(ii.  214). 

PSVaszw  or  Prussian.  A  name  applied  by  Graham  to  a  hypothetical  radide, 
C'N"  —  Cy*  or  Pr,  polymeric  with  cytinogen,  which  may  be  supposed  to  exist  in  the 
ferro-  and  ferricyanides ;  e.g.  [Fe  —  28],  ferroprussic  add  «  (H-Fe)Pr ;  ferricyanidc  of 
potaf«Hiam,  (K*Fe*)Pr,  fire.  &c. 

PKZZBXAMXTIl.    A  name  sometimes  applied  to  blende,  Zn'S ;  also  to  a  rariof  y 
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of  gothite,  VeKi^JPO,  called  alflo  sammet-blende,  both  of  which  occur  at  Fnibram  in 
Bohemia. 

r,    8jD.  with  Hastik  (ilL  14). 

LCXB.    Syn.  with  Bvttbacetio  Acid  (L  688). 
8I711.  with  A2n>B8Dr  (i.  291). 
FSBVBO^AUKAXWZir.     Sjn.  with  Anghusov  (i.  290). 

VSmJSO-APATZTlL  Opaque  crystals  of  partially  decomposed  apatite  from  the 
Churprinz  mine  near  Freiberg. 

FSBin>OBirraUO  AILOOHOX*    SeeTmBTiic  Alcohols. 

F8SU]K>CnERTSO&ZTB«    A  green  obsi^an  from  Moldanthein  in  B<Aemia. 

FSBnnOCVRAnTa  A  name  given  by  Warington  and  Francis  to  an  amorphous 
neutral  fatty  substance  obtained  by  saponifying  beeswax  wfth  potash,  and  precipitating 
with  an  acid.    (Handw.  d.  Chem.  vi.  682.) 

MmUBOOVBABin.  (J.  Lakowski,  Rip.  Chim.  app.  iii.  77.)— An  alkaloid 
obtained,  together  with  oleandrine,from  the  leaves  and  branches  of  the  oleand(*r. 
(Nerum  Oleander),  By  exactly  precipitating  the  concentrated  aqueous  decoction  with 
tannic  aeid,  wadiing  the  precipitate  with  a  little  cold  water,  and  then  treating  it  with 
aqueoufl  t*n«iA  acid  for  a  short  time  only,  tannate  of  peeudo-curarine  is  obtained 
in  solution,  while  tannate  of  oleandrine  remains  behind. 

The  solution  of  the  former  is  boiled  with  finely  pulverised  litharge,  the  filtrate 
evaporated  nearly  to  dzynees,  the  residue  freed  from  oleandrine  by  ether,  and  the  por- 
tion insoluble  in  that  liquid  is  dissolved  by  alcohol. 

On  evaporating  the  alcoholic  solution,  pseudo-curarine  remains  as  a  yellowish, 
tasteless,  inodorous  varnish,  veiy  soluble  in  wster  and  in  alcohol,  insoluble  in  ether, 
and  non*volatile.  It  neutralises  strong  acids,  but  does  not  form  crystallisable  salts. 
The  solutions  are  precipitated  by  mercuric  and  platinic  chlorides.  Pseudo-curarine 
appears  to  have  no  action  on  the  animal  organism. 

The  tannate  of  oleandrine  left  undissolved  as  above  is  taken  up  bv  ether ;  and  the 
solution  is  treated  with  quicklime,  which  precipitates  tannic  acid  and  chlorophyll.  On 
leaving  the  filtrate  to  evaporate,  oleandrineis  obtained  as  a  slightly  yellowish  resi- 
nous, very  bitter  substance,  slightly  soluble  in  water,  easily  soluble  in  alcohol  and  in 
ether.  It  appears  to  form  uncrystallisable  salts,  the  solutions  of  which  are  precipitated 
by  the  chlorides  of  gold  and  platinum.  Oleandrine  acta  as  a  local  irritant,  producinff 
violent  sneezing,  vomiting,  purging,  and  intermittent  tetanus,  sometimes  with  fatj 
results.  When  i2\]ected  into  the  jugular  vein  of  a  dog  or  a  rabbit  it  quickly  destroys 
life. 

F8SII]IOBZAKftT&-Jk&COBO&.    See  Sbookdabt  Alcohols. 

ygB^nM^^^B  W  TW  WFW,    An  old  name  of  ethylic  orsellinate  (p.  236). 

VBBVBOMm&l JU-Ji&OOBO&  or  DiaUylie  Monohydrate,  See  Sboondabt 
Alcohols. 

iTOOB  or  IHaUylio  Dikydrate.  See  &aoo«DAXt  Alcohols. 

See  Lsucnni  (iii.  582). 

Cu«P*0».CuHH)*.H«0.      (See    Phosphatm    of 

COFFHB,  p.  561.) 

VBBOBOMA&iLOBITB.  Syn.  with  PHOsPHOCAucm,  Cn*FH)*.30uHK)* 
(p.  561). 

VSaiFBOMOBVB.  A  mineral  having  a  definite  fozniy  belonging,  not  to  the 
substance  of  which  it  actually  consists,  but  to  some  other  substance  which  has 
wholly  or  partly  disappeared.  Pseudomorpha  have  been  classed  under  four  principal 
neads: — 

1.  Pseudamorpha  by  alttratum :  those  formed  by  a  gradual  change  of  oompoeition  in 
the  species,  as  when  augite  is  altered  to  steatite* 

2.  Bv  BubstUuHon :  those  formed  by  the  replacement  of  a  mineral  or  other  substance 
which  has  been  removed,  or  is  gradually  undergoing  removal ;  e,  g.  the  petrification  of 
wood. 

3.  By  incruatratum :  those  formed  by  the  incmstration  of  a  oystal,  which  may  be 
subsequently  dissolved  away,  the  eavUy  often  being  subsequently  filled  by  infiltiation ; 
e.g.  the  change  of  fiuor-spar  to  quarts. 

4.  By  paramorphiam :  those  formed  when  a  mineral  puses  from  one  dimorphous 
state  to  another;  e^,  change  of  arragonite  to  calcspar.  (See  ObolooXi  Cbbixstbt  of. 
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ii.  882^-836;   also  Dana's  Nineraloffy,  i.  222,  where  a  table  of  paeadcmoiplM  k 
giyen.) 

VSBVBOXOmVBZVa.    See  MoBPHnvB  (iii.  1061). 

PSBWO-OSCnr.    Syn.  with  EBTrHBOMAznaTB  (ii.  604). 

VflBVBO-FKOyT&IO   A&OOBO&.    See  Trittuc  AxooHOU. 

FSBin>OV8ZTa«  A  serpendne-like  mineral  from  the  Z^ar  movntain  near 
Aloysthal  in  Moravia:  of  specific  gravity  «2-76 — 2*77,  and  containing;  aoeording  to 
Hauer,  33-42  per  cent.  SiO*,  15*42  Al*0*,  3404  MgO,  268  FeO,  and  12*68  water, 
whence  the  formula  3(2MgO.SiO'XAl'0'.SiO')  +  5H*0.  (Kenngott^  Wien.  Alcad. 
Ber.  xvi.  170.) 

See  PuBFUBix. 


FSnBOQlTAKTXZTa.  A  rock  occurring  in  the  V&l-de-TigneB  fTarentaise  in 
Savov),  very  compact,  of  greyish  white  colour,  and  consisting  of  slender  Janmue  inter- 
lacea  and  cemented  together  by  a  quartz-like  substance.  Specific  gravity  s  2*704. 
Contains  79*90  per  cent.  SiO',  16*63  Al^O*,  0*44  FeK)*.  trace  of  lime,  0*94  HgO, 
2*72 K*0  (with  trace  of  soda),  trace  of  chlorine,  and  1*68  water.  (A.  Terreil,  Compt. 
rend.  liii.  120;  Jahresb.  1861,  p.  1082.) 

VBSITBOQUZVIva.  A  peculiar  base  said  to  have  been  obtained  by  Men- 
garduque  (Compt  rend,  xxvii.  221)  from  a  ciuchona  extract  of  uuknown  origin.  It 
neutralised  acids  completely,  decomposed  ammonium-salts,  was  insoluble  in  ether  and 
in  water,  but  soluble  in  alcohol,  from  which  it  crystallised  in  irreguiar  prisma.  Its 
solution  in  chloriue-water  assumed  a  reddish-yellow  colour  on  addition  of  ammoaiii, 
whereas  quinine  similnrly  treated  turns  green.  It  was  tasteless,  and  its  sulphat*^ 
which  crystallised  in  fiat  prisms,  was  scarcely  bitter.  The  base  gave  by  analysis 
76*6  per  cent,  carbon,  8*15  bydrogen,  and  10*3  nitrogen. 

WBWnnkOBTMAMOWTWMMBm      A  term  applied  by  Klotzsch  (J.  pr.  Chem. 

Iv.  242)  to  the  solid  ciystalline  bodies  separate  by  reduction  of  temperature  from 
certain  volatile  oils  and  resins,  and  distinguished  from  the  true  stearoptenea  by 
their  greater  solubility  in  hot  water ;  such  are  the  alyxia-camphor  from  Myxia  ara- 
matica;  geranium-camphor  from  Pelargonium  odoraiiMimumt  coumarin,  the  camphor 
of  Anthoxanthum  odoratum  ,*  anricula  or  primrose  camphor  {torn  Primula  Auricula,  and 
the  camphors  of  several  other  species  of  the  same  genus.  These  pseudo-stearoptenes 
often  separate  on  the  outer  surface  of  the  plants,  as  in  Primula  and  Ceropteris, 

V8Sin>OSTSATXTBa    A  mineral  externally  resembling  talc,  filling  a  deft  of 
the  serpentine  of  Bathgate  (Linlithgowshire).     It  is  brittle,  unctuous  to  the  touch, 
has  an  uneven  fracture ;  hardness  »  2*2,  and  specific  gravity  »•  2*469.     Two  analyses, 
a  by  Thomson,  b  by  Binney  (Edinb,  Phil.  J.  1862,  xvi.  66)^  gave ; 
810*.  AISQS.         CaO.  MgO.         FeO.  H>0. 

o.         41*89         22*06         2*42         6*16         6*62         20*22     -     99*36 
b.        42*78         22*68         2*64         6*76         6*31         18-68     <.     99*60 

VSaUBOSmbVBOOTAWOOBV.    Syn.  with  Pebsxtlphoctakookn  (p.  380). 

VSaiTBOTAMnnnL  A  mineral  fh>m  the  Val  d^Arbonne  (Tarenlaise  in  Savoj), 
appearing  under  the  microscope  to  consist  of  greenish,  transparent,  crystalline  laminae 
and  smalLpyramidal  quartz^crystals.  Before  the  blowpipe  it  loses  its  greenish  colour, 
and  in  small  pieces  melts  easily  to  a  stony-vitreous  whitish  mass.  According  to 
Terreil  (Compt.  rend.  liiL  120)  it  contains  86*96  per  cent,  silica,  8*60  alumina,  1*40 
ferric  oxide,  0*77  lime,  1*81  magnesia,  and  2*66  potash,  with  a  trace  of  soda 
(=  100  60). 

FSSVBOTOXZra.  The  name  applied  by  Brandei  to  a  light  yellow  poisonous 
extract  prepared  from  belladonna  leaves;  soluble  in  water  and  aqueous  alcohol,  inso- 
luble in  ether  and  in  absolute  aloohol»  precipitated  by  tincture  of  galls  and  acetate  of 
lead,  coloured  green  by  iron-salts.  It  is  not  a  pure  substance,  and  owes  its  poisonous 
artiou  to  the  presence  of  atropine.    (Handw.  vi.  688.) 

^aBVDO-inUC  ACSBv C*H'N*0^  (SchlieperandBayer,  Instit.  1860, p.  182; 
jHhrei«b.  1860,  p.  327.) — An  acid  obtained  by  the  action  of  potassium-cyanate  on 
dialuramide  (uraniil).  Its  potassium-salt  is  deposited  in  the  crystalline  form  when 
dialuramide  (or  rourexide)  is  heated  with  excess  of  potassium-cyanate  till  the  liquid  no 
longer  turns  red  on  exposure  to  the  air ;  and  on  mixing  the  (solution  of  the  recrystallised 
salt  in  potash-ley  with  hydrochloric  acid,  the  pseudo-uric  acid  is  precipit^led  as  a  white 
crystalline  powder  made  up  of  small  prisms.  It  does  not  lose  weight  at  100^,  is 
tasteless  and  inodorous,  very  slightly  soluble  in  water,  bat  easily  soluble  in  cauafic 
alkabs.    It  decomposes  carbonates  and  «cetates,  and  readily  yields  allontn  when 
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treated  mth.  nitric  add.  VHieii  Buspeoded  in  water  and  heated  with  peioxide  of  lead, 
it  giyea  off  carbonic  anhydride,  and  yields  oxalate  and  psendo-nrate  of  lead,  bat  no 
allantom;  the  mother- liquors  probably  contain  oxaluiate  of  lead  as  well  as  urea. 

The  pseudo-urates  are  easily  obtained  by  the  action  of  the  acid  on  the  cor- 
responding hydrates,  carbonates,  or  acetates;  or  they  may  be  produced  directly  by  the 
action  of  £aluramide  on  the  corresponding  cyanates. 

The  amnumium'salt,  C»H*(NH*)N«0\H«0,  crystallises  from  the  solution  of  the  acid 
in  hot  dilute  ammonia,  in  small  laminie  or  bulky  needles,  which  are  not  more  soluble  in 
strong  than  in  dilute  ammonia,  and  do  not  take  up  an  additional  quantity  of  ammonia. 
It  does  not  give  up  its  ciystallisation-water  till  heated  above  100°;  at  130°  it  turns 
red  and  gives  off  ammonia. — ^The  ethylamine-Andaniline-saltSTeKmhle  the  ammonium- 
salt. — The  potaseium^salt,  C'H^KN*O^H*0,  forms  small  shining  scales  which  do  not 
give  up  their  water  tiU  heated  above  140°,  and  decompose  and  turn  red  at  180°. — 
The  wdhiffi'Salt,  C*H*NaN*0^2H'O,  forms  cauliflower-like  groups  of  prisms  easily 
soluble  in  hot  water,  and  giving  off  their  water  of  crystallisation  at  140°.  From  its 
solution  in  caustic  soda  it  separates  in  the  amorphous  state,  but  without  change  of 
composition. 

The  barium-salt,  C'*H**Ba'N'0'.5HK),  forms  spherical  groups  of  long  slender  needles. 
— The  calcium- salt  is  obtained  in  fine  prisms  on  precipitating  the  solution  of  either  of 
the  alkali-metal  salts  with  chloride  of  calcium. 

The  cupriCf  niercurouSf  mercuric,  and  lead-salts  are  also  oystallisable,  the  last  with 
1  at.  water ;  the  sUvcr-salt  is  very  easily  decompoeible. 

FSaVBOVaBATSnrB.  C*^H"N'0'? — ^A  resinous  substance  obtained  from 
sabadilla-seeds :  also  called  Veratrin-resin,  and  Helonine  (from  Helonias  officinalis,  the 
plant  supposed  to  yield  these  seeds).  It  is  prepared  by  treating  the  alcoholic  extract 
of  the  seeds  with  water  containing  sulphuric  acia,  adding  nitric  acid  by  drops  to  the  add 
liquid,  decanting  the  solution  from  the  pitchy  substance  thereby  separated,  and  pre- 
cipitating with  potash.  The  resulting  precipitate  is  dissolved  in  alcohol,  and  the 
yellow  resinous  mass  which  remains  on  evaporating  off  the  alcohol,  is  treated  with 
water  to  extract  sabadilline,  and  with  ether  to  extract  veratrine.  Pseudoveratrine  then 
remains  behind.  It  is  a  brown  substance,  solid  at  ordinary  temperatures,  melting  at 
186°,  and  decomposing  at  a  higher  temperature,  with  evolution  of  nitrogenous  pro- 
ducts. It  is  soluble  in  alcohol,  insoluble  in  water  and  in  ether.  It  dissolves  in  adds, 
but  does  not  neutralise  them.     (Couerbe,  Ann.  Ch.  Phys.  [2]  lii.  352.) 

FSX&OIOUbAVa.     See  Manoanbsb,  Oxisbs  of  (iii.  812). 

P80BAXBA«  The  undried  root  of  Psoralea  esculenta  contains  0*63  nitrogen  and 
1*67  ash  (Pay en,  Jahresb.  1849,  p.  708). — Psoralea  glandvlosa  or  Bex  paraguayensis 
is  the  plant  whose  dried  leaves  yield  Paraguay-tea  (p.  349).  According  toLenoble 
(J.  Pharm.  [Sjxviii.  199),  this  substance  contains  a  peculiar  crystallisable  nitrogenous 
body  which  ne  calls  psoralline;  but  it  is  doubtless  identical  with  caffeine,  which  has 
been  shown  by  Stenhouse  to  exist  in  the  dried  leaves  to  the  amount  of  1*1  to  1-2 
per  cent. 

vmURXi.  CH'. — ^A  radicle  supposed  by  Eane  to  exist  in  the  mesitylene- 
compounds :  thus,  trichloromesitylene  C'H'Cl'  was  regarded  as  chloride  of  pteleyl, 


rxo  ACXB.  CH'*0>?  (Luek,  Jahrb.  p.  Pharm.  xxii.  178; 
Gm.  XV.  600.) — An  acid  contained,  together  with  tannaspidic  acid,  in  the  root  of 
Jspidium  Filix  mas.  When  the  coarsely  pounded  root  is  boiled  with  alcohol  of  76  to 
80  per  cent,  and  the  decoction  is  mixed  with  water,  a  small  quantity  of  hydrochloric 
acio,  and  pulverised  sulphate  of  sodium,  a  precipitate  is  formed  containing  the  two 
adds.  This  precipitate  is  collected,  washed  with  solution  of  sodic  sulphate,  pressed, 
again  triturated  with  water,  and  digested  for  half  an  hour  at  60° — 80^,  with  waU^r 
Containing  hydrochloric  acid,  whereby  ammonia  and  other  bfises  are  removed.  The 
residue  washed  with  water,  dried,  and  exhausted  with  ether  free  from  alcohol,  yields 
a  solution  of  pteritanuic  acid  and  a  residue  of  tannaspidic  add.  The  ethereal  solution 
leayes  on  evaporation  a  black-brown  residue,  which  is  digested  with  distilled  mineral 
naphtha  as  long  as  the  oil  is  thereby  coloured  brown.  The  undissolved  powder  is 
collected,  press^,  triturated  and  boiled  with  water,  the  resinous  cake  is  dissolved  in 
ether,  and  the  solution  is  evaporated. 

Pteritannic  acid  thus  obtained  is  a  black-brown,  amorphous,  shining  mass,  yielding  a 
fawn-coloured  electric  powder.  It  is  ta<(tele«s,  but  has  a  faint  odour  and  slight  acid 
reaction;  insoluble  in  water,  but  soluble  in  alcohol  and  ether.  The  alcoholic  solution 
forms  brown  precipitates  with  the  chlorides  of  barium  and  calcium,  and  green  precipi- 
tates with  ferrous  and  ferric  salts.  AVith  basic  acetate  of  lead  or  with  excess  of  ^ho 
neutral  acetate,  it  forms  a  precipitate  containing  CH^Pb^O*,  aud  the  liquid  filtered 
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therefrom  yielda  with  ammonia  a  precipitate  containing  2C»*H«^"0*.Pb"'HH)» ;  by 
precipitation  with  a  smaller  quantity  of  the  neutral  acetate,  an  acid  salt  is  fonned 
containing  C«H«Pb''0».C«*H*'0»  ? 

Tetrachloropteritannic  acid^  C*^H*'CrO',  is  a  light  loam-coloured  powder  obtained 
by  passing  chlorine  into  water  containing  pteritannic  acid  in  solution.  It  reacts  with 
metallic  salts  like  the  latter.  The  alcoholic  solution  yields  with  basic  acetate  of  lead 
a  salt  containing  C**B**Fh''Ci*O^.B}0.--'Hexchloroptentannic  acid,  C**H«C1H>».  is 
obtained,  as  an  orange-coloured  powder,  by  the  action  of  dry  chlorine  on  pteritannic 
acid.  Its  alcoholic  solution  yieloB  with  basic  acetate  of  lead  a  precipitate  containing 
C*'H«Pb''Cl«0«.H»0. 

So-called  Ethylpteritannic  acid.  When  a  solution  of  pteritannic  acid  in  absolute 
alcohol  is  boiled  with  a  small  quantity  of  hydrochloric  add,  a  purple-red  solution  is 
formed  which,  when  mixed  with  a  small  quantity  of  water,  deposits  a  black-red  resin 
containing  C**H**0'*,  and  when  dropt,  with  agitation,  into  a  large  quantity  of  water 
yields  a  light  purple  powder  having  the  composition  C*'H"0'*.  Luck  regards  these 
products  as  containing  respectively  C°«-ff"0«»  «  '2C^W*(y.C*IP0  and  C«JBr«'0'«  - 
2C**H^*O'.C*IP0J£0 ;  but  neither  of  them  has  actually  been  resolved  into  ptentannic 
acid  and  alcohoL 

VTTAAZir.  A  sulphuretted  albuminous  substance  contained  in  the  saliva  of  tlie 
parotid  gland ;  it  differs  in  some  of  its  reactions  from  albumin,  mucin,  and  casein. 
(Covacs,  J.  Pharm.  [3]  xlii.  92.) 

3PTTCBOTX8  AJOIVAV.  An  umbelliferous  plant  growing  abundantly  in 
Rajpootanah  and  other  parts  of  Central  India,  and  well  known  for  its  aromatic  and 
carminative  properties.  The  seeds,  which  resemble  those  of  the  caraway,  ezceptinff 
that  they  are  much  smaller,  have  a  very  agreeable  odour,  like  tbat  of  thyme-oiC  and 
when  repeatedly  distilled  with  water,  yield  an  essential  oil  amounting  to  5  or  6  yer 
cent,  of  their  weight  and  consisting  of  a  hydrocarbon  isomeric  with  oil  of  turpentine, 
holding  in  solution  a  camphor  or  stearoptene  identical  with  thymol  C"H"0  {q.  v.). 
The  hydrocarbon  separated  by  fractional  distillation  and  purified  by  treatment  witli 
chloride  of  calcium,  potash,  and  potassium,  is  a  colourless  aromatic  oU  boiling  at  172*^, 
and  having  a  density  of  0*864  at  12^.  When  treated  with  hydrochloric  acid,  it  yields, 
not  a  crystalline  compound,  but  a  brown  mobile  liquid.  (Stenhouse,  Ann.  Cb. 
Pharm.  xciii.  269 ;  xcviii.  307;  Chem.  Soc.  Qu.  J.  ix.  234.— Haines,  Chem.  Soc  Qn. 
J.  viii.  289.) 

FVCCZWB.  A  doubtful  alkaloid  said  to  exist,  together  with  saDgnixukrine  and 
another  alkaloid,  called  porphyroxine,  in  the  root  of  San^fumaria  canadmsia.  (G.  D. 
Gibb,  Pharm.  J.  Trans.  [2]  i.  454.) 

See  Ibon  (iii.  347). 

CAKPHOS.    Syn.  with  Anehoiok  (i.  291). 

.  VVMZCB.     See  Obsidiaw  (p.  169). 

Syn.  with  Poona.hute  (p.  688). 

The  root-bark  of  the  pomegranate  {Punica  Granaium)  yields  when 
air-dried,  13*22  per  cent.,  and  when  dried  at  100^,  15*02  per  cent,  a^  containing 
4*75  K«0  (with  trace  of  soda),  48*87  CaO,  1*84  MgO,  0*76  Fe»0«,  2*12  P*0»,  3-29  SiO*, 
0*98  SO',  0*46  a  and  38*75  C0«.    (Spiess,  Jahresb.  1860,  p.  560.) 

FUXncZV.  An  acrid  uncrystallisable  substance  obtained  from  the  bark  of  the 
pomegranate  tree.    (Righini,  J.  Pharm.  [3]  v.  298.) 

pmiPliXv  AVZXiZVB.    See  AiOLDfB-DTBS  under  Phsmtulmimb  (p.  466). 

9VM»1bM  of  CA88ZUB.    See  Gold-fubplb  (ii.  938). 

PVSP&B  COFFB&.  Variegated  Copper,  Erttbescite,  A  native  sulphide  of 
copper  and  iron  (ii.  78). 

VUSP&a  CSVORZW.  A  term  applied  by  Stokes  (Proc  Boy.  Soc.  ziiL  S57) 
to  the  colouring  matter  (cruorin)  of  the  blood  when  partially  deoxidised ;  in  its  more 
highly  oxidised  state,  it  is  called  scarlet  cruorin, 

FUBPVBATBS.  Scheele,  in  1776,  observed  that  the  solution  of  uric  acid  in 
nitric  add  reddened  the  skin  and  left  a  deep-red  residue  when  evaporated.  Prout^ 
in  1818,  obtained  this  colouring  matter  in  the  ctystalline  form,  and  regarded  it  as  the 
ammonium-salt  of  a  peculiar  acid,  purpuric  acid;  by  double  decomposition  he 
succeeded  in  obtaining  other  metallic  purpurates,  which  were  similarly  coloured.  He 
regarded  the  colourless  substance  which  is  separated  frompurpurate  of  ammonium  bj 
strong  acids  (murexan)  as  purpuric  acid.    Liebig  and  Wohler  (Ann.  Ch.  Phann. 
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zxvi.  319),  showed  that  Front's  puTpuric  add  did  not  possess  the  property  of  forming 
coloured  salts,  and  so  conld  not  be  considered  as  the  acid  of  the  pnrpurates ;  farther, 
they  regarded  Front's  compound,  not  as  an  ammonium-salt  but  as  an  amide,  and  pro- 
posed tu  designate  it  murezide.  Later  researches,  however,  by  Fritzsche  (J.  pr. 
Chem.  zvi.  380;  xvii.  42),  and  Beilstein  (Ann.  Ch.  Fharm.  crii.  176),  tend  to  es- 
tablish it  as  a  true  ammonium-salt 

Furpuric  acid  has  never  been  isolated,  being  decomposed  when  its  salts  are  treated 
with  a  stronger  acid.  Taking  the  formula  of  the  ammonium-salt  as  CH'N*0*  ■■ 
C«H«(NH*)N*0«,  the  add  h  represented  by  the  formula  C«H»N»0«.  Laurent 
(Compt.  rend.  zzzv.  629)  regards  it  as  murexanic  add,  the  amic  add  of  allozantin  or 
murezic  acid.  Beilstdn  considers  it  as  a  dibasic  acid,  and  regards  murezide  and  other 
normal  pnrpurates  as  acid  salts. 

Purpurates  are  all  distinguished  by  their  splendid  purple  colour ;  many  are  gold- 
green  by  reflected  light 

Purpurate  of  Ammonium  or  Murexide. — This  salt  is  formed  in  a  great 
variety  of  drcumstancos : — 1.  By  heating  dialurate  of  ammonium:  2C*H*N'0'  +.  0  » 
C«H"N«0«  -H  H»0  (ii.  816).— 2.  By  the  oxidation  of  dialuramide  by  the  ozidcs  of 
silver  or  mercury. — 3.  By  ezposing  to  the  air,  or  adding  alloxan  to,  an  ammoniacal 
solution  of  dialuramide:  OT1«N*0'  +  2NH«  -  C»H»N«0«  +  HH).— 4.  By  the  action 
of  ammonia  on  allozantin  (i.  139). — 6.  By  ezposing  to  the  air  an  ammoniacal  solution 
of  mun?zan.  A  solution  of  uric  acid  in  dilute  nitric  add,  as  it  contains  allozan  and 
allozantin,  yields  purpurate  of  ammonium  on  addition  of  ammonia.  It  is  by  this 
process  that  murezide  is  prepared  on  the  manufacturing  scale  for  use  in  dyeing. 
According  to  Beilstein,  the  best  method  of  preparing  murezide  is  by  the  action  of 
mercuric  ozide  on  dialuramide.  4  pts.  of  dialuramide  and  3  pts.  of  mercuric  oxide  are 
dissolved  in  30  to  40  pts.  of  water,  a  little  ammonia  is  added,  and  the  whole  is  boiled 
for  a  few  minutes,  and  filtered  off;  the  filtrate  on  cooling  deposits  crystals  of  murezide, 
the  quantity  of  which  is  increased  by  adding  carbonate  of  ammonium  when  the  liquid 
is  nearly  oooL  Gregory  prepares  it  by  dissolving  4  pts.  allozantin  and  7  pts.  tetra- 
hydrated  allozan  in  240  pts.  boiling  water,  and  adding  80  pts.  of  a  cold  saturated 
solution  of  carbonate  of  ammonium.  Fritzsche's  method  of  adding  carbonate  of  ammo- 
nium to  a  boiling  solution  of  allozan  probably  depends  upon  the  formation  of  allozan- 
tin by  the  action  of  heat  on  the  allozan-solution,  since  with  pure  allozan  no  murexide 
is  obtained.  Groelin  obtains  it  by  the  long-continued  action  of  dry  ammonia  on 
finely-pounded  allozantin,  the  resulting  brown-red  mass  being  repeatedly  pulverised, 
and  ezposed  anew  to  the  action  of  the  gas ;  the  free  ammonia  is  then  removed,  and  the 
product  dissolved  in  as  little  hot  water  as  possible,  and  crystallised. 

Furpurate  of  ammonium  crystallises  in  four-sided  prisms,  which  are  gamei-coloured 
by  transmitted,  rich  gold-green  by  reflected,  light.  They  contain  1  at  (6*54  per  cent) 
water  of  crystallisation,  which  they  lose  when  heated  to  100^,  or  when  dried  in  vacuo 
over  sulphuric  acid ;  they  are.  then  converted  into  a  brown-red  powder,  which  acquirea 
under  tne  bumisher  a  sreen  colour  and  metallic  lustre.  It  is  slightly  soluble  in  cold 
water^  more  easily  in  hot  water,  forming  a  splendid  purple  solution ;  insoluble  in 
alcohol  or  ether.  The  aqueous  solution  of  purpurate  of  ammonium  is  decomposed  by 
hydrochloric  or  nUphuric  acidf  murezan  being  precipitated,  while  the  supernatant 
liquid  contains  alloxan,  allozantin,  urea,  and  ammonia.  Furpurate  of  ammonium 
dissolves  in  cold  ^ash,  with  evolution  of  ammonia,  forming  an  indigo-blue  solution, 
which  is  deoolonsed  by  heat,  after  which  the  addition  of  sulphuric  add  predpitates 
murexan.  Nitric  acid  converts  murexide  into  alloxan.  Aii  aqueous  solution  of 
murexide  is  decomposed  by  ttUphureiled  hydrogen^  murexan  being  precipitated,  while 
the  supernatant  liquid  contains  alloxantin  and  dialuric  add;  no  hydrosulphato  of 
ammonium  is  formed.  Heated  with  cyanaU  of  potassium,  it  yields  pseudo-urate  of 
potassium  (p.  746). 

Various  formulsB  have  been  proposed  for  purpurate  of  ammonium.  Liebig  and  Wohler 
give  C^•N»0^  Kodwdss,  C»H*N*0*;  Fritzsche,  C"H»N«0»».  That  adopted  by 
Gmelin,  G^rhardt,  Laurent,  Beilstein,  &c.,  and  now  generally  accepted,  is  C*H"N*0*. 
The  following  are  the  results  of  analysis : 
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Murexide  is  used  in  dyeing  for  the  production  of  various  shades  of  red,  purple,  and 
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yellow.  Its  flolution  mixed  vith  mercnrie  salts  produces  fine  red  and  pniple  cokmn<m. 
silk,  wool,  cotton,  and  leather;  and  with  zinc-salts  it  yields  orange  and  yellow  eoloavs. 
The  colours  thus  obtained  are  very  fresh  and  brilliant,  and  may  be  exposed  to  lig^ 
without  fading ;  they  are  however  exoessirely  sensitiye  to  the  action  of  sulphuroiLi  acid, 
which  tarnishes  and  discolours  them  with  extreme  rapidity.  This  is  a  grsat  dzawba^ 
to  their  employment  in  places  where  the  use  of  coal-gas  has  become  generaL 

A  few  years  ago,  murexide  was  very  laigely  used  for  dyeing  and  calioo-printuig,  tfaie 
weekly  yield  of  one  fi&ctoiy  alone,  that  of  Mr.  Bumney  of  Manchester,  having  amoimt«d 
to  no  less  than  12  cwt. ;  but  it  has  since  been  nearly  driven  out  of  the  field  by  tlie 
aniline  colours.  (Report  on  Murexide-dyeing  by  E.  Kopp,  B^p.  Chim.  app.  i.  79; 
alaoHofmann's  RepoH,  1862,  p.  118.— Jahresb.  1857»  p.  649;  1858,  p.  671;  I860, 
p.  762.) 

Purpurate  of  Potassium,  C*H^KNK>*.~ Obtained  as  a  brown-red  crystalline 
powder,  when  concentrated  solutions  of  purpurate  of  ammonium  and  nitrate  of  potaa- 
sium  are  mixed  together ;  when  freed  from  murexide  by  boiling  with  nitre,  and  ve- 
crystallised,  it  is  obtained  in  ciystals  resembling  those  of  the  ammonium-salt,  bat 
darker.  It  is  slightly  soluble  in  water,  still  less  in  saline  solutions.  After  dryine  at 
100^  it  loses  3*04  per  cent,  water  at  300°  (Fritzsche) ;  2*96  per  oent^  (Beilstein). 
The  deep  blue  colour  of  a  solution  of  murexide  in  cold  potash  appears  to  be  owing  to 
the  presence  of  a  basic  potassium-salU 

The  sodium-aalt,  C*H*NaN^O',  is  obtained  like  the  potassium-salt. 

The  barium-salt,  C'«H"Ba"N"0»«,  is  obtained  by  precipitating  acetate  of  bazinm 
with  murexide.  It  is  a  dark-green  powder,  which  becomes  purple-red  when  triturated ; 
slightly  soluble  in  water,  forming  a  purple  solution.  At  100 '  it  loses  8*78  per  cent- 
water. 

The  strontium'  and  calcium-salts  are  similarly  obtained  with  nitrate  of 
strontium  and  chloride  of  calcium.    They  are  slightly  soluble  witli  a  purple  colour. 

The  viagnesium-salt  \b  yerj  soluble,  with  purple  colour. 

The  lead-salt  has  not  been  obtained  pure.  Murexide  added  to  an  acid  solution  of 
acetate  of  lead  gives  a  red  solution  which  gradually  deposits  red  crystab  which  are  not 
homogeneous. 

Silver-salts, — ^The  Tnono-argentie  salt,  C*H*AgN*0*,  is  obtained  when  a  nther 
dilute  solution  of  murexide  is  added  to  a  dilute  solution  of  nitrate  of  silver  acidulated 
with  nitric  acid.  It  forms  crystals  resembling  those  of  the  ammonium-salt ;  it  gives  off 
its  water  (5*71  per  cent)  at  100°. 

A  di  argentic  salt,  CH'Ag'N^O',  is  obtained  as  a  brown-red  powder  by  precipitating^ 
a  cold  saturated  solution  of  murexide  with  nitrate  of  silver.  With  ammoniacal  nitrate 
of  silver,  murexide  yields  a  deep  violet  precipitate  containing  C*H'Ag*N*0*.2Ag*0. 
(Beilstein.) 

A  solution  of  murexide  is  coloured  yellow,  but  not  precipitated,  by  trichloride  d 
gold  or  tetrachloride  of  platinum.     (Beilstein.)  F.  T.  CL 

Zsoparpnrates.  C*H«MN*0*  (iii.  433).~These  salts,  produced  by  the  action  of 
cyanide  of  potassium  (and  other  cyanides)  on  picric  add,  have  the  same  composition 
as  the  purpurates,  and  resemble  them  very  closely  in  their  properties ;  indeed  isopnr- 
purate  of  ammonium  is  undistinguishable  from  murexide,  and  acccnding  to  £.  Aopp 
may  be  used  for  dyeing  in  the  same  way  as  the  latter. 

Metapurpnrates,  C"H*MNK)V  (Pfaundler and Oppenheim, Bull. Soc  Chim. 
1865,  ii.  99,)--The  potassium-s<^t,  C«H*KN«0*,  is  produced  by  the  action  of  cyanide  of 
potassium  on  dinitrophenic  acid,  and  differs  f^m  the  purpurate  or  isopurpurate, 
G'H^KN^O',  in  the  same  manner  as  dinitrophenic  acid  differs  from  trinitronhenic 
(picric)  acid,  that  is  to  say,  by  containing  1  at  hydrogen  more,  and  1  at^  nitryl  less. 
It  is  prepared  by  dropping  a  solution  of  potassium-cyanide  heated  to  60°  into  an 
aqueous  or  alcoholic  solution  of  dinitrophenic  acid,  and  separates  on  cooling  in  the 
form  of  a  very  dark-coloured  crystalline  powder.  It  may  be  purified  by  washing 
with  a  small  quantity  of  cold  water,  recrystallisation  from  warm  water,  then  pressing  it 
in  a  cloth  and  drying  over  oil  of  vitriol.  When  moist  or  in  solution,  it  is  veiy  unstable^ 
being  decomposed  at  the  temperature  of  the  water-bath,  but  if  once  dried  in  the  air,  it 
maybe  heated  to  100°  without  decomposition;  at  that  temperature  it  retains  1  ak 
water  of  crystallisation,  which  it  gives  off  (7*31  per  cent.)  at  150°. 

The  solution  of  this  potassium-salt  ^ives  dark-brown  precipitates  with  most  metallic 
solutions  and  with  the  chlorides  of  barium  and  strontium.  The  silver-salt,  C*H*AgNK>* 
which  is  red  and  has  a  green  metallic  lustre,  obstinately  retains  a  portion  of  the 
potassium-salt  used  in  its  preparation. 

or  FVmPUSAMIBB.    (Stenhouse^  Proc.  Boy.  Soe.  (1863) 
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zii.  683;  xiii.  145. — Schutzenberger  and  Schiffert,  Ball.  Soc.  indusbr.  de 
Mulhouse,  1864,  p.  70 ;  Jahresb.  1864,  p.  543.)— A  product  formed  by  the  action  of 
ammonia  on  pnrpniin.  A  recently  prepared  solution  of  purpurin  in  ammonia  deposits 
purpurin  unaltered  on  addition  of  hydrochloric  acid ;  but  if  left  to  itself  for  a  (my  or 
heiited  to  100®,  it  yields,  on  addition  of  hydrochloric  or  dilute  sulphuric  add,  a  dark 
violet-coloured  precipitate,  which  dissolves  in  aloobol  with  deep  violet  colour,  and  sepa- 
rates therefrom  in  crystals  resembling  muiezide  (Schiitsenberg  and  Schiffert) ; 
in  dark  crimson  microscopic  needles,  ^ihibiting  a  fine  iridescent  green  colour  by  reflected 
light.    (Stenhouse.) 

Stenhouse  designates  this  substance  as  purpurin  (from  its  analogy  to  orcein),  and 
represents  it  provisionallv  by  the  formula  CH'^NK)'* ;  Schiltzenberger  and  S(£iffert 
regard  it  as  purpur amide,  and  as  formed  from  purpurin  (to  which  they  assign  the 
formuk  C*H'K)'),  according  to  the  equation,  C*H«0'  +  NH«  -  HK)  -  C»H"NO«. 

According  to  Stenhouse. 
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The  analytical  results  leave  no  doubt  as  to  the  identity  of  the  two  products.  The 
formula  proposed  by  Schutsenberger  and  Schiffert  is  perhaps  the  more  probable  of  the 
two  ^provided  their  formula  of  purpurin  is  correct),  though  it  does  not  agree  quite  so 
doseiy  with  the  analysis  as  the  other,  and  moreover  the  compound  has  not  &n  shown  to 
possess  the  characters  of  an  amide.  Stenhouse  regards  the  formation  of  his  purpurem 
as  analogous  to  that  of  orcein  from  ordn  (p.  211),  that  is  to  say  as  depending  on  the 
joint  action  of  ammonia  and  oxygen  (he  exposed  a  solution  of  purpurin  in  dilute 
ammonia  to  the  air  for  about  a  month,  renewing  the  water  and  ammonia  as  they 
evaporated);  but  according  to  Schutzenberger  and  Schiffert,  the  formation  of  the 
ammoniacal  compound  of  purpurin  does  not  depend  on  oxidation,  the  same  product 
being  obtained,  and  more  quiddy,  when  the  ammoniacal  solution  is  heated  to  100®  in 
a  cl<Med  vessel.  It  must  be  observed  also  that  Stenhouse's  purpure'in  was  obtained 
from  purpurin  prepared  from  madder  by  R  Kopp's  process  (iii.  749),  which,  according 
to  Schutzenberger  and  Schiffert,  is  not  a  definite  product  (see  Pubpubik). 

Purpurem  or  purpuramide  is  nearly  insoluble  in  sulphide  of  carbon  and  in  cold 
dilute  acids,  sliffhtly  soluble  in  ether  and  in  cold  water,  more  easily  in  hot  water,  vexy 
easilv  in  alcohol  and  in  dilute  aqueous  alkalis.  From  its  solution  in  cold  concentrated 
sulphuric  acid,  it  is  precipitated  by  water  in  its  original  state.  Its  solution  in  ether  or 
in  alcohol  containing  acetic  acid  exhibits,  according  to  Stokes^  absorption-bands  re- 
sembling those  of  purpurin  in  character,  but  differing  in  situation. 

The  aqueous  solution  of  pur|yurein  is  precipitated,  like  that  of  orcein,  by  ckloride  of 
Modium,  It  forms  a  red  precipitate  with  cklaride  of  jeine,  purple  gelatinous  with  mer- 
curic chloride,  dark  brown  wita  nitrate  of  eUver,  It  dyes  silk  and  wool  a  fine  rose-red 
or  amanmth-red  without  the  aid  of  mordants,  but  mordanted  vegetable  f&brics  are  not 
permanently  coloured  by  it 

The  solution  of  pnrpureui  in  aqueous  alcohol  gives  with  bromine-water,  a  yellew 
amorphous  precipitate,  and  the  evaporated  filtrate  deposits  on  cooling  a  small  quantity 
of  a  brown  resinous  powder.  A  solution  of  purpurem  in  nitric  acid  of  specific  gravity 
1-85,  deposits  on  cooling,  scarlet  prisms  of  nitropurpurein,  insoluble  in  water,  ether 
and  sulphide  of  carbon,  nearly  insoluble  in  alcohol,  but  acdnble  in  hot  nitric  add. 
(Stenhouse.) 


WUMWUMMO  AOXD. 


See  CoBALT-BASBS,  Ammoitucai.  (i.  1052). 

See  PuBPUBATSs  (p.  747). 

O'H'O*  according  to  Debus  and  Stenhouse ;  0*^**0'  aeeordinff  to 
Schutzenberger.  Oxyligario  add  of  Debus ;  Madder-fwrjple  of  Bunge ;  Matikre  c3ar» 
ante  rose  of  Gaulthier  de  Claubiy.  (Colin  and  Bobiquet,  Ann.  Ch.  Fhys.  [2]  xxxiv. 
244.  Gaulthierde  Glaubry  and  J.  Persos,  ibid,  xlviii.  69. — ^Persoz,  i5u2.lL 
110.— Runge,  ibid.  Ixiii.  282.— J.  Schiel,  Ann.  Ch.  Phann.  Ix.  74;  Debus,  tftiVf. 
Ixvi.  851;  Ixxxvi  117.— Wolff  and  Strecker,  ibid.  Ixxv.  1.— Rochleder,  ibid. 
Ixxx.  321;  Ixxxii.  205.— Stenhouse^  Proc.  Roy.  Soc  xii.  633;  xiii.  145.— Schut* 
zenberger  and  Schiffert,  Bull.  Soc.  industr.  de  Mulhouse,  1864,  p.  70;  Jahresb. 
1864,  p.  542. — Schiitsenberger,  Bull.  Soc.  Chim.  1865,  ii.  12.) — A  red  colouring 
matter  extracted  from  madder  by  the  same  processes  as  alizarin  (i.  118 ;  iii.  742),  and 
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seponted  therefrom  by  He  greater  solubility  in  alum-liquor.  Debus  piepaiea  it  hj 
adding  dilate  Bulphuric  acid  to  the  alumHsoIutiona  from  which  the  alizarin  baa  sepa* 
rated  by  cooling,  and  boile  the  precipitate  which  forms  after  12  or  14  hours,  with 
dilute  hydrodiloric  acid,  to  free  it  from  alumina.  It  ia  then  washed  with  water  and 
lecrystaUised  from  alcohol.    For  other  processes,  see  GvteiinU  Handbook  (xiiL  826). 

£.  Kopp  extracts  puipurin  from  madder  by  macerating  the  ground  root  in  dilute 
aqueous  sulphurous  acia,  mixing  the  filtrate  with  sulphuric  acid,  and  heating  the 
liquid  to  30-^  or  40^  (iii.  749).  But  according  to  Schiitzenbei^er  and  SchiffiMt,  the  red 
or  orange-coloured  flakes  thus  precipitated  are  not  a  definite  compound,  but  may  be 
separated,  by  the  successiye  use  of  alcohol  and  benzene,  into  purpurin  or  oxyaliyasrin, 
CH'^O',  pseudopurpurin  or  trioxyalizarini  C^U'^O*,  an  orange-red  colouring  matter, 
consisting  of  hydrate  of  purpurin,  C'"H'*0',  and  a  yellow  colouring  matter,  C^H^H)*, 
isomeric  or  polymeric  with  alizarin  (p.  751). 

Stenhouse  s  method  of  extracting  purpurin  from  East  Indian  madder,  or  muiyeet,  is 
described  under  Munjtstix  (iii.  1061). 

Purpurin  exhibits  some  diversity  of  physical  properties  according  to  the  cimun- 
stances  of  its  preparation.  From  strong  alcohol  it  ciystallises  in  red  needles ;  from, 
weak  alcohol  in  soft  slender  orange-coloured  needles  containing  4*8  per  cent  water, 
(C»H«0«.JH«0),  which  they  give  off  at  100°,  assuming  a  red  colour  (Wolff  and 
Strecker).  According  to  Schiitzenbei^er  and  Schiffert,  the  anhydrous  compound 
ciystallises  from  hot  alcohol,  the  hydrate  from  cold  alcohol  (p.  751).  The  anbydiDOs 
compoimd  melts  when  heated,  and  sublimes  with  partial  decomposition,  leaving  a  car- 
bonaceous residue.  Bespecting  the  optical  characters  of  its  solutions,  see  Liokt 
(iii.  638,  footnote). 

The  composition  of  anhydrous  purpurin  is  variously  stated  by  Debus  and  by  Sten- 
house on  the  one  hand,  by  Schiitzenberger  and  SchiiTeit  on  the  other. 


Debtii, 
mean. 

Sten. 
hoase. 

ScfaQts. 
ftSchHT. 

€?• 

108 

66-67 

66-40 

66-46 

C» 

240 

65-93 

65-83 

H* 

6 

3-70 

3-86 

3-66 

H«« 

12 

3-29 

3-37 

0« 

48 
162 

29-63 
10000 

29-74 
10000 

29-99 
10000 

0^ 

112 
364 

30-78 
10000 

30-80 

H«0« 

C»H'«0' 

100-00 

The  purpurin  analysed  by  Debus  was  obtained  from  ordinary  madder  by  the  procees 
above  described ;  that  of  Stenhouse  from  munjeet ;  that  of  SohHtzenbei^ger  and  Schiffert 
from  the  crude  purpurin  prepared  by  K  Eopp's  process,  bv  extraction  with  hot  al- 
cohol. The  formula  they  assign  to  it  represents  it  as  oxyalizann,  alizarin  being  regarded 
asC"H«0«. 

Purpurin  is  more  soluble  in  water  than  alizarin,  and  forms  a  reddish  solution.  It 
dissolves  also  in  alcohol  and  in  ether ;  the  alcoholic  solution  is  redder  than  that  of 
alizarin.  It  is  easily  soluble  in  a  boiling  solution  of  o/um,  forming  a  liquid  of  a  beauti- 
ful pink  colour  with  yellow  fluorescence,  and  remains  dissolved  after  cooling,  whereas 
alizarin  is  deposited  from  the  same  solution  on  cooling.  Oil  of  vitriol  and  fuming 
sulphuric  acid  also  dissolve  purpurin,  the  latter  decomposing  it  when  heated  to  200^. 
It  IS  less  easily  attacked  than  alizarin  by  nitric  acid  ;  on  baling  the  liquid,  phthalic 
and  oxalic  acids  are  formed.  Purpurin  dissolves  in  caustic  alkciia,  and  at  the  boiling 
heat  in  godic  carlfonate,  with  cheny-red  or  bright  red  colour,  whereas  alizarin  forma 
blue  solutions.  The  alkaline  solutions  of  purpurin  decompose  on  exposure  to  the  air, 
the  colour  of  the  liquid  changing  from  bright  red  to  reddiiih-yellow,  and  ultimately 
disappearing  almost  entirely,  after  which  purpurin  can  no  longer  be  detecto<l  in  the 
liquid :  alizarin,  on  the  other  hand,  suffers  no  such  decomposition  (Schunck).  Theae 
characters,  together  with  the  peculiar  spectrum  formed  by  its  solutions,  sufficiently  di»> 
tinguish  purpurin  from  alizarin. 

Purpurin  dissolves  in  ammonia^  and  the  solution,  after  exposure  to  the  air,  or 
after  being  heated  to  100^  in  a  close  vessel,  deposits  purpurein,  on  addition  of  adds 
(p.  749). 

An  alcoholic  solution  of  purpurin  forms  with  acetate  of  lead  a  purple  precipitat<6 
containing  46*6  per  cent,  lead-oxide,  agreeing  approximately  with  the  formula 
5C"H'«Pb"0«.Pb''0,  which  requires  46-7  per  cent.    (Wolff  and  Strecker.  Debus.) 

Compounds  of  purpurin  with  potaah  and  eoda  are  obtained  as  nearly  black  crystal- 
line precipitates,  on  mixing  the  alcoholic  solutions  of  purpurin  and  the  alkalis.  On 
heating  these  compounds  to  150°  with  ethylic  iodide  and  alcohol,  red  crystalline  graina 
are  obtained,  slightly  soluble  in  alcohol  and  consisting  of  ethyl  purpurin  C^'H^'O'  ^ 
C»H"(C*H*)0' (analysis  6682  per  cent  C  and  451  H;  calc.  6734  C  and  4-08  H). 
(Schiitzenberger  and  Schiffert.) 
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Compounds  obtained  from  Emiie  ^opp*s  **  pnrpurin "  &j/  the  action  of  solvents 
(Schiitzenberger  and  Schiffert).  xbis  cnide  purpurin  is  partially  soluble  in  cold 
alcohol.  The  inaolnble  portion  contains:  a.  Purpurin  or  ozyalizarin  C^H"0% 
which  dissolyes  in  boilins alcohol ;  and  fi,  Pseudopurpurin  or  triozyalizarin 
C*H"0*,  which  is  insoluble  in  boiling  alcohol,  but  dissolrefl  in  hot  benzene  and 
cfTstallises  therefix>m  in  slender  brick-red  needles.  The  cold  alcoholic  extract  con- 
tains: y.  An  orange-red  colouring  malter,  consisting  of  hydrate  of  purpurin 
C»WH^  .  C*H>*0'.2HK) ;  and  a.  A  yellow  colouring  matter,  isomeric  with  alizarin 
G**H'*0'.  The  latter  is  soluble  in  benzene;  the  former  is  insoluble  in  that  liquid,  but 
dissolyes  yery  easily  in  alcohol,  and  separates  tJiere&om,  sometimes  aa  a  curdy  mass, 
sometimes  in  orange-red  laminse. 

The  centesimal  composition  of  the  three  last-mentioned  products,  as  determined  by 
analysis,  is  as  follows : 

YeUow  Colomring  matter. 

Cale.  AimI. 

C~      68-96  6790 

H**        8-44  8-65 

O*       27-60  28-56 


Bi/drate  qf  Purpurin. 
Mean  of 

Calc          Anal. 

Calc.       Anal. 

c* 

60-60         61-05 

C»       60       59-98 

H" 

808          2-97 

H"        4        4-18 

0» 

86-37        86-98 

0*       36      86-94 

10000      100-00 

100     10000 

10000     10000 

Pseudopturpurin  and  hydrate  of  purpurin  are  conyerted  into  purpnzin  by  sublima- 
tion (leaying  a  considerable  residue  of  charcoal)  or  by  heating  with  alcohol  to 
180°— 200®. 

The  yellow  colouring  matter  sublimes  almost  without  decomposition.  It  may  be 
produced  from  purpunn,  pseudopurpurin  or  hydrate  of  purpurin,  by  heating  to  180^ 
with  water  and  iodide  of  pnoephorus,  or  more  easily  by  the  action  of  stannous  chloride 
on  a  boiling  alkaline  solution. 

Purpurin,  pseadopurpurin,  and  hydrate  of  t>urpurin  impart  to  mordants  colours 
resembling  those  of  alizarin ;  the  tint  communicated  by  them  to  alumina-mordants 
is  more  reddish,  and  without  blue  reflex.  The  colours  produced  on  tissues  by  pur- 
purin and  its  hydrate  resist  the  action  of  boiling  soap- water  tolerably  well,  whereas 
those  formed  by  pseudopurpurin  are  completely  destroyed  thereby.  The  resistance  is 
therefore  nearly  m  inyerse  proportion  to  tne  amount  of  oxygen  in  the  colourins  matter. 
The  yellow  colouring  matter  produces  with  alumina^moiSant  a  rather  dull  yellow, 
which  is  destroyed  by  soaping  and  by  immersion  in  a  bath  of  stannic  chloride. 
(Schiitzenberger.) 

ro.    Syn.  with  Pobpobiko  (p.  691). 

A  yellow  colouring  matter  imported  into  Europe  from  India  and  China 
in  round  lumps  weighing  three  or  four  ounces,  brown  on  the  outside,  of  a  deep  orange- 
yellow  colour  within,  and  exhibiting,  according  to  Erdmann,  a  crystalline  structure. 
Kespecting  its  origin,  yarious  and  contradictory  statement  haye  been  made.  Accord- 
ing to  most  authorities  it  is  of  animal  origin,  and  is  deposited  from  the  urine  of  camels^ 
elephants,  and  bufialos,  especially  after  the  animals  haye  eaten  certain  plants  (the 
fruit  of  Mangostana  mangier  for  example) ;  according  to  others,  it  is  an  intestinal  or 
biliary  concretion  of  the  same  animals :  Stenhouse^  on  the  other  hand,  supposes  it  to  be 
a  yegetable  substance  prepared  by  eyaporating  down  a  yegetable  juice  mixed  with 
magnesia.  Its  peculiar  odour  resembling  that  of  castoreum  is,  howeyer,  in  jhyour  of 
the  former  supposition. 

Puree  seryes  for  the  preparation  of  Indian  yellow,  a  fine  rich  durable  yellow 
colour  much  used  both  in  oil  and  water-colour  painting,  and  consisting  mainly  of 
euxanthate  of  magnesium  (see  Extxaisthio  Acid,  ii.  609) ;  according  to  Wagner,  it  also 
contains  alumina.  Indian-yellow  being  somewhat  costly  is  often  adulterated  with 
cheaper  yellow  pigments,  chrome-yellow  for  example.  According  to  M.  Haro,  jun.,  a 
eolour  maker  in  Paris,  pure  Indian  yellow  bums  like  amadou,  leayinff  a  eomparatiyely 
small  residue,  whereas  the  adulterated  article  bums  more  slowly,  ana  leayes  a  larger 
residue.    (Ckimie  dcs  CouUure^  par  J.  Lefort,  Paris,  1866.) 

FinutBIO  ACIB.    Syn.  with  Euzakthic  Acid. 

vmuUBVOVa.    Syn.  with  Euxantkonr. 

W8.  A  pathological  product,  the  result  of  certain  diseased  actions  of  the  animal 
body.  Typical  pus,  *'  laudable  "  pus,  is  a  thick  yellowish  liquid  of  the  consistency  and 
appearance  of  cream,  but  its  physical  and  chemical  characters  yaiy  exceedingly  ac- 
cording to  the  kind  of  tissue  from  which  it  comes  and  the  nature  of  Uie  disease  giying 
rise  to  iL  Its  reaction  is  generally  alkaline,  but  sometimes  neutral  or  acid.  It  con- 
sists of  pus-corpuscles  floating  in  a  pus-seram ;  the  separation  of  the  two  hj  filtration, 
though  tedious,  is  practicable. 
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The  protein-eonstituents  of  poa  liaTe  been  as  yet  but  imperfeeUy  studied.    The  Mram 

.  oontains  an  albumin  apparently  identical  with  that  of  blood-serum,  together  with 

globulin  or  myosin.    From  the  corpuscles  also  may  be  obtained  a  substance  poesceaiiig 

flome  but  not  all  of  the  reactions  of  myosin  (Hoppe-Seyler,  Phys.  Chem.  Analyse, 

L363).  In  many  but  not  all  specimens  of  pus  may  be  found  the  so-called  py  i  n,  which 
1  the  following  reactions.  It  is  precipitated  from  its  solutions  by  acede  acid,  the 
precipitate  being  insoluble  in  excess  of  the  reagent.  Nitric  and  hydrochloric  acidi  gire 
precipitates  readily  soluble  in  excess.  Ferrocyanide  of  potassium  produces  nopieeipitate 
in  the  hydrochloric  acid  solution.  A  solution  of  pyin  is  unaltered  by  boihng.  Fyin 
closely  resembles  mucin  (said  to  be  found  in  pus  from  mucous  membranes),  difl^nng 
from  it,  however,  in  being  precipitated  by  mercuric  chloride  and  neutral  acetate  of 
lead.     Gelatin  snd  chondrin  have  been  found  at  times  in  pus. 

Among  the  fatty  bodies  always  present  in  pus  may  be  mentioned  cholesterin,  olein, 
palmitin  (the  last  two  also  in  combination  with  alkalis),  cerebric  and  fflycero-phoj«- 
phoric  acid.  According  to  Fischer  (Med.  Cblt.  1865,  p.  225),  the  only  fatty  body 
besides  cholesterin  in  good  fresh  pus  is  protagon,  whose  speedv decomposition  ffires 
rise  to  the  rest  The  same  observer  also  states  that  butyric,  formic  and  valerianic 
acids  when  present  are  putrefactive  products.  B  o  d  e  k  e  r  found  in  specimens  of  pus,  a 
substance  called  by  him  chiorrodinic  acid. 

Sugar  and  urea  have  occasionally  been  found ;  and  leucine  may  be  regarded  as  a 
constant  constituent  unless  it  be  a  product  of  putrefaction  (Fischer).  Pus  from. 
wounds  often  has  a  blue  colour,  very  distinctly  seen  when  dried  on  bandages,  fee. ;  this 
arises  from  the  presence  of  Pyocyanin,  which  may  be  isolated  in  the  fcSlowing  way. 
The  bandages,  &c.  are  steeped  in  water  containing  a  few  drops  of  ammonia,  and  the 
resulting  green  liquid  is  filtererl,  partially  evaporated,  and  again  filtered.  The  filtrate 
is  shaken  with  chloroform,  which  takes  up  the  colouring  matter;  and  the  chloroform 
solution  is  treated  with  very  dilute  sulphuric  acid  until  it  turns  quite  red.  On  stand- 
ing a  red  aqueous  laver  separates  which  is  removed,  treated  with  caustic  baryta  until 
it  changes  to  blue,  filtered,  and  the  filtrate  again  shaken  with  chloroform.  The  blue 
chloroform  solution  is  allowed  to  evaporate  in  the  air.  Pyocyanin  cnrstallises  in 
needles  or  in  rectangular  fiakes.  It  is  soluble  in  chloroform,  alcohol,  and  water,  with 
difficulty  in  ether.  Acids  turn  it  red ;  alkalis  restore  the  blue  colour.  Chlorine 
destroys  it.  After  the  separation  of  the  pyocyanin,  the  chloroform  retains  in  solution  a 
yellow  substance  called  pyoxanthose,  which  remains  on  leaving  the  solution,  pre- 
viously freed  from  fat,  to  evaporate  spontaneously.  It  is  sometimes,  though  rarely, 
obtained  in  mups  of  microscopic  needles.  It  is  very  slightly  soluble  in  water,  more 
soluble  in  alcohol,  ether,  chloroform,  and  benzene.  Acids  turn  it  red,  alkalis  violet 
(FordoB,  Oompt  rend.  Ivi.  1128;  Jahresb.  1863,  p.  657).  W.  B.  Herapath  fijkds 
indigo-blue  in  blue  pus  (Brit  Assoc.  Trans.  1864,  p.  124). 

The  ashes  of  pus  consist  mainly  of  chloride  of  sodium,  with  alkaline  and  earthy 
phosphates,  alkaline  carbonates,  sulphate  of  calcium,  and  oxide  of  iron. 

The  quantitative  analyses  of  pus,  as  might  be  expected,  differ  widely.  The  following 
(Bibra)  may  be  taken  as  an  average.  In  1,000  parts:  water  862,  solids  138,  where* 
of  albumin  91,  fats  and  cholesterin  12,  extractives  29,  salts  9. 

Masse  (Simon's  Chem.  Syd.  Soc  trans,  ii.  692)  thus  compares  1,000  parts 


PuS'Serum. 

Blood-trmm. 

Water .        .        .        . 

89000 

906*5 

Solid  residue 

11000 

935 

Orffanic  constituents 
Chloride  of  sodium 

92-58 

857 

1260 

46 

Carbonate  of  sodium 

222 

1-4 

Phosphate  of  sodium 

•32 

•9 

Sulphate  of  sodium 

•18 

•2 

Phosphate  of  calcium 

1-20 

0-7 

Carbonate  of  calcium    . 

•90 

M.F. 

TOBCBKnrZTB.    A  variety  of  lime  and  iron  epidote  from  the  Western  Ural, 
north  of  Katherinenbaig.    (See  Epidote,  ii.  490.) 


Putranffira   Roxburghii,  an  East  Indian  plant»  yields  a  fat 

oil  melting  at  +  31°.    (Lepine,  J.  Pharm.  [3]  xL  16.) 


yVTRBrACmoV.    See  Fbbukntatxom  (il  623);  also  Un^$  Dictionary  of  ArU, 
^.  (iii.  648). 

VTCVZXa.    A  massiTe  snbcolnmnar  yaiieiy  of  topas  {g. «.). 
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An  instrament  for    detHnuining  the  specific  gmTities  of 
aerated  mmanil  waters.    (Fresenius,  Zeitvchr.  Anal.  Chem.  i.  17^.) 

VTOWOTBOVB.    See  Sbrpbmtimb. 

VTXV.    See  Pus. 

} 


I     See  Pub  (p.  752). 

AOIS.    Syn.  with  Itaconic  Acm. 

The  name  of  a  series  of  decomposition-products  of  angite  and 
occasionally  of  hornblende,  consisting  mainly  of  magnesian  hydrosilicates.  They 
blacken  when  heated,  then  bum  white  if  in  contact  with  the  air,  and  give  off  water 
havine  an  empyreumatic  odour,  due  to  the  presence  of  organic  matter.  When  very 
stron^v  heated  before  the  blowpipe,  they  become  rounded  on  the  edges  only.  The 
pyrallolite  of  Storg&rd  is  conrerted  by  strong  sulphuric  acid,  with  incipient  tumefac- 
tion and  decomposition  of  the  organic  matter,  first  into  a  reddish,  then  into  a  black 
powder.  The  same  decomposition  appears  to  be  produced  also  by  dilute  sulphuric  acid, 
for  the  mineral  after  being  treated  with  it,  is  no  iOn^r  blackened  by  the  strong  acid. 

Pyrallolites  have  been  analysed  by  Nordenskiold  (Schw.  J.  xxxi.  386),  Arppe, 
Furuhjelm,  Kuneberg  and  Selin  (AnaL  af  Finskl  Min.  p.  35),  and  Bischof 
(Lehrbiich  d.  Chrm.  Geolog.,  \,  516). 

a.  From  Kullakalkbruch :  Kimite.  Green  or  blue-green;  partly  still  exhibiting 
distinct  augite  structure.  Specific  gravity  «  27.  Hardness  «  3 — 4  (Rune here). — 
5.  Takredaholm,  in  calcspor.  Green ;  fibrous.  Specific  gravity  «  2*70.  Hardnesa 
«  3 — 4  (Arppe). — c,  Skrabbole,  in  quartz.  Green,  fibrous  or  granohir.  Specific 
gravity  •■  273.  Hardness  a  2— 3  (Arppe). — d,  Haapakyla;  greenish,  loosely  gran- 
ular aggregate  in  calcspar.  Specific  gravity  «*  2*61  (Arppe). — e,  KullaJtalkbruch ; 
white,  with  augitic  structure.  Hardness  ~  3 — 4 (Arppe).—/.  Stoig&rd,  Pargas  (Nor- 
denskiold.— ^.  Frugfird;  light-brown  or  yellow-grey  columnar  masses  deavable  in 
one  direction.  Specific  gravity  s  2*66.  Hardness  »  3 (Arppe). — h.  Kullakalkbruch; 
white,  earthy  (Selin). — •'.  From  the  same ;  greenish-white,  earthy  (Furuhjelm). 

a,          b,            c.           d,  e,  f.  g,           k.  i,           k» 

RmcA     .        .        .48-88  ft517  Cft-dX  87  49  M-9  66-63  63^87  58-87  66*18  76*28 

AlamiDA                .    0*48          MS          1-55          1*11  1-4  3*38  0-84          1-79  0*87          1*79 

MagtietU       •       .  84*73         6-M  36*13  80*05  38*7  83-88  88*19  18'39  18*77  11*69 

I.im«     .        .        .  10*60         6-83         6*84          3*90  3-9  8*58  8*74  11-73  6*53  3*66 

Frrrout  oxide      .    I-5ft  31*45         1-86         1-26  0*6  0-89  8*i8         0-57  1  83  0*73 

Manganout  "Xide     5*76         0  09         1*68         0*69  .    .  0*99 

rottf*''"^ ***l       785         8-78  6-48       f'^ 

^•^^lonlfultloo.  13-83         9-15         7*56         7*30         8*6         5-48  J       '  **        ^'^         "  **      14  05 

99-41      100*17      101*08      100^80       100*0       99*90      100-6r    100*13       99*66      100*05 

These  analyses  appear  to  indicate  a  gradual  transition  £rom  the  composition 
JiK).SiO«  H«0  to  M«0.4SiO«.H*0,  the  silica  being  partially  also  replaced  by  alumina. 

9YMILM  TIMOVZra.    Syn.  with  Kermesite  or  Red  Antimony  (iiL  446). 

VT&AltCIIXAITa.  A  silicate  occurring  in  the  granite  of  Helsingfors,  Finland, 
in  prismatic  forms  with  indistinct  cleavage.  Hardness  =  3*5.  Specific  gravity  i« 
2*5.  It  is  partly  black  or  bluish,  liver-brown  or  dull  red,  with  a  dull  resinous  lustre ; 
has  an  argillaceous  odour.  Infusible  before  the  blowpipe,  but  becomes  slightly  fflazed 
in  a  strong  heat  Soluble  in  hydrochloric  acid.  Contains,  according  to  Nor  dens- 
kiold's  analysis  (Beiz.  Jahresb.  1833,  p.  174) : 

SIO>.  A1S0>.       Fe"09.        MgO.         K*0.         Na-O.         H"0. 

43*93        28*93        5*30        2*90        1*05         1*85         15*47     »     99*43 

The  mineral  may  be  regarded  as  an  altered  dichroi'te  (ii.  820),  containing  }  of  the 
strong  bases  of  that  mineral.    (Bischof.) 

WTWUkMUTBTTM,  Dark-red  stiver  ore.  Ruby  Bvlver,  Mack  silver,  Aerosite, 
Argyrythrose.  Dunkles  Rothgultiatrz.  Antimovaiiberblende.  Argent  ant imonU  sulfur i, 
Argentum  ruhrum, — Native  sulpnantimonite  of  silver,  occurring  in  rhombohedral  ciys- 
tals,  in  which,  for  the  rhombohedron  R,  the  principal  axis  «  0*7945,  and  the  angle 
R  :  R  in  the  terminal  edges  a=  108<=^  20'.  The  crystals  are  chiefly  orismatic,  formed 
by  the  combination  of  ooP2  with  R  and  other  rhombohedrons  and  scalenohedrons. 
(For  figures,  see  Dana,  ii.  77,  78.)  Cleavage  rather  imperfect  parallel  to  B.  Twins 
are  of  frequent  occurrence.  The  mineral  is  also  found  massive,  with  granular  atme- 
ture,  sometimes  impalpable.  Hardness  «  2 — 2*5.  Specific  gravitv  «  5*7 — 5*9. 
Translucent  to  opaque,  with  metallio  adamantine  lustre  and  black  colonr,  sometimea 
approaching  to  cochineal-red.  Streak,  cochineal-red.  Fracture,  ooooholdal.  Seetile, 
yielding  readily  to  the  knife.  Before  the  blowpipe  it  melts  and  gives  out  fumes  of 
antimony,  and  on  charcoal  ultimately  leaves  a  globule  of  silver.  Dissolves  in  hot 
nitric  acid,  leaving  sulphur  and  antimonious  oxide. 
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Analyaea : — a.  From  Andreasberg  in  the  HartE  (Bonsdorf,  Sehw.  X.  zzzIt.  2S5). — 
b.  From  Mexico  (Wohler,  Ann.  Ch.  Pharm.  xxrii.  157). — c.  Fh>m  the  Hnlarodie 
mine  near  Zacatecas  in  Mexico.    (Bottger,  Bamm.  MineralcK  p.  83.) 


Cairmlatiim. 
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s« 

96 

17-77 
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18-0 

17-76 

Sb 

120 

22-28 

23-26 

21-8 

24-59 

A«« 

324 

69-95 

58-96 

60-2 

57-45 

Ag*Sl>S'     540  10000  100-00  10000  9980 

The  formnla  may  also  be  -written  3Ag*S.Sb*S'. 

Pyrargyrite  occurs  also  in  Saxony,  Norway,  Hungary,  at  Ouadalcanal  in  Spain,  and 
in  Cornwall.  In  Mexico  it  is  worked  extensively  as  an  ore  of  silver.  A  Ughi-rtd 
sUwrore  from  Andreasberg  was  found  by  Zincken  to  be  free  from  arsenic.  A  grey  oie 
from  the  same  locality  contains  both  arsenic  and  antimony,  and  may  be  miazgyrite 
(iii.  1010). 

Pyraigyrite  occurs  like  proustite  (p.  789),  changed  to  silver-glance,  Ag'S*  also  to 
pyrites.     (Dana.) 

VTSB&AJEV.  A  name  applied  by  Beizelius  to  the  mobile  oil  obtained  W  dis- 
tilling with  water  several  of  the  empyreumatic  oils  resulting  tcom,  the  dry  distillatioa 
of  organic  bodies,  such  as  oil  of  wax,  amber,  bones,  &c. 

vrxaVAixB.  A  variety  of  iron-lime-gamet  (iL  772),  black  or  greyiah-blad^ 
often  with  semi-metallic  lustre, 

PTSXHra.  C*'H"?  (Laurent^  Ann.  Ch.  Phvs.  mixvi.  136.)— A  ciystaHine 
hydrocarbon,  obtained,  together  with  chrysene,  by  tne  dry  distillation  of  fA\B,  reeins, 
and  coal.  To  prepare  it,  the  ethereal  liquid  which  has  served  for  the  extraction  of 
chrysene  (i.  958),  is  exposed  to  the  temperature  of  a  freezing  mixture ;  the  pyrene  is 
then  deposited  in  the  crystalline  state. 

Fyrene  ciystallises  from  alcohol  in  microscopic  rhomboYdal  laminae,  very  mncb  like 
anthracene.  It  is  tasteless,  inodorous,  insoluble  in  water,  slightly  soluble  in  alcohol 
and  in  ether;  melts  between  170^  and  180^,  and  solidifies  in  a  crystalline  foliated 
mass.  At  a  higher  temperature  it  volatUises  without  decomposition.  It  is  carbonised 
by  sulphuric  acid.  It  ^ve  by  analysis  93*18  per  cent  carbon  and  6-11  hydrogen; 
the  formula  C'*H"  requires  93-7  carbon  and  6-3  nydrogen. 

JHnitropyrene,  C"H**(NO*)',  is  formed  by  the  action  of  warm  nitric  add  on  pyrene^ 
as  a  thick  brown  oil,  which,  aifter  washing  with  water,  dries  up  to  a  very  brittle  r^n 
having  the  colour  of  gamboge  but  redder ;  it  melts  in  boiling  alcohol. 


This  name  was  given  by  Parisel  to  a  soft  resin  exteacted  by 
alcohol  and  ether  from  Badix  Pyrethri,  which  however,  according  to  Koene,  is  not  a 
definite  substance.  The  latter  found  in  the  root  0*25  per  cent,  of  a  resin  insoluble  in 
potash,  1-60  of  a  brown  acrid  oil  soluble  in  potash,  0-35  of  a  yellow  oil  soluble  in  potash, 
9*40  gum,  57*70  inulin,  7-60  salts,  19*80  vegetable  fibre,  and  traces  of  tannic  acid. 
The  two  oils  and  the  resin  together  constitute  Parisel's  pyi«thrin. 

The  flower-heads  of  Ptfrethmm  cameum  which,  when  pulverised,  form  the  "  PersiaB 
insect-powder"  contain,  according  to  J.  Hanamann  (Vierteljahrs.  pr.  Pharm.  xii. 
522),  neither  a  narcotic  base  nor  santonin.  The  action  of  the  powder  is  probably  due 
to  a  pale  yellow  essential  oil,  which  has  a  pungent  odour,  produces  headache,  and  Irilla 
or  stupefies  small  insects, 

PTKOOXri    A  dingy  variety  of  Sahlite.    (See  Auoitb,  1.  474.) 

FTSmxirB.  C*H»N.  (Anderson,  Ed.  Phil.  Trans,  xvi.  4;  also  xx.  [2]  247; 
Phil.  Mag.  J.  [4]  ii.  267;  Ann.  Ch.  Pharm.  Ixxx.  55;  Jahresb.  1851,  p.  478. — 
C.  Grev.  Williams,  Phil.  Mag.  J.  [4]  viii.  24;  also  Ed.  PhU,  Trans.  xxL  [2]  815; 
Chem.  Gaz.  Nov.  1,  1855.— Church  and  Owen,  Chem.  News,  ii.  146  ;  PhiL  Mag.  [41 
XX.  110.) 

A  base  discovered  by  Anderson  in  his  investigation  of  bone-oil.  Subsequently  found 
by  C.  G.  Williams  among  the  bases  in  the  tar  obtained  by  distillation  of  the  bituminous 
shale  of  Dorsetshire.  Traces  of  a  base  having  the  same  composition  were  observed  by 
C.  G.  Williams  among  the  alkaloids  produced  by  destructive  distillation  of  cinchomneL 
Pound  by  C.  G.  Williams  in  coal  naphtha,  also  by  Church  and  Owen  in  the  tar  of  peat. 
It  is  produced  artificially  b^  the  action  of  nascent  hydrogen  on  azodinaphthyldiamine. 
(Per kin,  Chem.  Soc.  J.  xviii.  9.) 

Preparation. — Precisely  the  siime  operations  are  necessary  as  in  the  case  of  picoline 
(p.  637),  except  that  in  the  fractional  distillation  the  portion  distilling  at  117**  ia  to 
be  collected  instead  of  that  which  boilBi  at  140^. 
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iVoperftM.-^Pjridmd  is  a  colourless  mobile  liquid,  having  a  most  powerful  and 
peculiar  odour  closely  resembling  that  of  picob'ne,  and,  like  that  allcaloid,  causing  a 
bitter  taste  in  the  mouth  and  back  of  the  throat.  It  fumes  on  the  approach  of  a  rod 
dipped  in  hydrochloric  add,  even  more  strongly  than  picoUne.  Its  solution  in  water 
benaves  with  bleaching  powder  like  picoline.  Its  specific  ^vity  at  0^  is  0*9858.  It 
precipitates  the  salts  of  zinc,  iron,  manganese,  and  aluminium  in  the  cold,  nickel-salts 
only  on  the  application  of  heat,  and  the  precipitate  dissolves  in  excess.  In  solutions 
of  copper  it  ^ves  a  pale  blue  precipitate,  soluble  in  excess  of  base  with  a  deep  blue 
colour,  not  distinguishable  from  that  produced  by  ammonia.  It  has  a  strong  tendency 
to  form  ciystallisable  double  salts.  It  boils  steadily  at  about  117°.  The  density  of 
its  Tapour  was  found  to  be  2'91 ;  theory  requires  2*734.  The  excess  of  the  experi- 
mental over  the  theoretical  numbers  arose  from  the  presence  of  traces  of  picoline. 
(Anderson.)  The  refractive  indices  of  a  specimen  of  pyridine  from  Dr.  Hofmann's 
laboratorr  were  found  by  Gladstone  and  Bale  to  be : — for  A,  1*4940;  D,  1*6030 ;  H, 
1*5387,  the  temperature  at  the  time  of  the  experiment  being  21*5^. 

Pyridine  is  sdluble  in  water  in  all  proportions,  and  is  difficult  to  obtain  absolutely  dry. 
(Anderson.) 

Ikcompotitions. — ^Pyridine,  like  its  homologues,  is  exceedingly  stable  and  resists  the 
action  of  oxidizing  agents.  It  may  be  boiled  with  monohydrated  nitric  acid,  or  with 
chrotmc  add  without  decomposition,  and  treatment  with  nitric  acid  is  to  be  resorted  to 
as  a  means  of  purification  when  the  base  is  contaminated  with  empyreumatic  matters 
(Anderson). — 1.  Chlorine  acts  on  pyridine  in  the  same  manner  as  on  picoline  (An- 
derson).— 2.  When  bromine-'water  is  gradually  added  to  a  solution  of  pyridine,  the 
liquid  becomes  muddy,  and,  as  the  quantity  of  bromine  increases,  an  abundant  preci- 
pitate appears,  and  collects  at  the  bottom  of  the  vessel  in  the  form  of  a  reddish  mass 
of  a  more  or  less  resinous  appearance.  This  substance  is  insoluble  in  water,  but 
soluble  in  alcohol  and  ether.  When  boiled  with  water,  it  melts  and  emits  an  odour 
resembling  that  of  bromine.  Hydrochloric  add  decomposes  it,  liberating  bromine. 
Potash  decomposes  it  also,  liberating  the  base.  Prom  these  reactions,  Anderson  con- 
cludes that  the  substance  is  a  direct  compoimd  of  pjrridine  with  several  atoms  of  bromine. 
Dry  pyridine  thrown  into  dry  bromine-vapour  solidifies  to  a  crystalline  mass  which 
dissolves  in  water,  leaving  an  insoluble  matter  probably  analogous  to  the  compound 
produced  in  the  same  manner  by  acting  on  pyridine  or  picc^ine  with  dry  chlorine 
(Anderson). — 8.  When  pyridine  and  tincture  of  iodine  are  mixed  and  evaporated  to 
dryness  on  the  water-bath,  a  dark  brown  mass  is  left,  partially  soluble  in  water,  leaving 
some  brown  crystals ;  they  are  easily  decomposed,  and  appear  to  be  similar  in  charac- 
ter to  the  iodine-compounds  of  the  fixed  bases.  The  watery  solution  contains  hydrio- 
date  of  pyridine  contaminated  wiUi  a  basic  impurity  which  may  be  removed  by  animal 
cJiarooaL    (Anderson.) 

PTBronra  s^lts.  HydrocMoraie  of  pyridine,  OH'N.HCl. — ^When  hydrochloric  add 
aatorated  with  pyridine  is  evaporatol  on  the  water-bath,  the  syrupy  fluid  on  cooling 
graduallv  becomes  converted  into  a  hard  radiated  mass  of  ciystius.  The  salt  deli- 
quesces m  moist  air.  It  sublimes  unchanged  at  a  high  temperature.  It  is  soluble  in 
alcohol,  but  less  so  than  in  water ;  insoluble  in  ether.    (Anderson.) 

Acid  sulphate  of  pyridine,  C*H*N.H'SO^ — ^When  sulphuric  add  is  mixed  with  excess 
of  pyridine  and  evaporated  over  the  water-bath,  a  deliquescent  crystalline  mass  is  left, 
soluble  in  all  proportions  in  water  and  alcohol,  but  insoluble  in  ether.    (Anderson.) 

Hydriodate  ofjwridine,  C*H*N.HI.  •'Tabular  crystalsi  readily  soluble  in  alcohol  and 
in  water,  but  not  deliquescent.    (Anderson.) 

HydrobronuUe  of  wfridine,  OH'N.HBr. — A  deliquescent  salt  obtained  in  adcular 
crystals  on  evaporating  its  solution.    (Anderson.) 

Nitrate  of  pyridine,  C*H*N.HNC)'. — Easily  obtained  by  mixing  nitric  acid  and  py- 
ridine. If  the  add  be  concentrated,  and  the  base  dry,  or  nearly  so,  much  heat  is 
evolved,  and  the  mixture  solidifies  into  a  mat^s  of  short  needles,  wnich  after  ^re^sure 
between  folds  of  filtering  paper,  resembles  loaf-sugar.  The  salt  may  be  purified  by 
reciystallisation  from  water  or  boiling  spirit;  the  latter  is  to  be  preferred.  On 
cooling  it  is  deposited  fh)m  an  alcoholic  solution  in  fine  needles  an  inch  long,  even  when 
operating  on  a  very  small  scale.  Sometimes  it  is  obtained  in  short  thick  prisms.  It 
is  not  deliquescent,  but  extremely  soluble  in  water,  less  so  in  alcohol,  insoluble  in  ether. 
Heated  in  a  retort  it  melts,  and,  if  the  temperature  be  raised  gradually,  sublimes  in 
a  white  woolly  mass ;  but,  if  briskly  heated,  it  distils  in  the  form  of  a  tliick  oily  liquid, 
which  solidifies  to  a  mass  of  acicular  cirstals.  Heated  on  a  platinum  knife,  it  takes 
fire,  and  bums  with  great  brilliancy  and  a  rapidity  almost  amounting  to  deflagration, 
(Anderson.) 

Chlorauraie  of  pyridine,  C*H*N.HCLAuCl*.— A  fine  lemon-yellow  ciystalline  powder, 
immediately  deposited  on  adding  solution  of  chloride  of  gold  to  a  solution  of  hydro* 
chlorate  of  pyridine.    It  dissolves  readily  in  hot  water,  and  is  deposited  on  cooling 
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ID  fine  yellow  needles,  little  soluble  in  cold  water,  and  insoluble  in  aloolioL  (An- 
derson.) 

Ckforoplatinate  of  pyridine,  2(C»H»N.Ha).Pt«'Cl*.— A  solution  of  the  hjdzoehlorat« 
of  pyridine  mixed  with  solution  of  tetrachloride  of  platinum,  deposits  flattened  prisms 
easily  soluble  in  boiling  water,  less  soluble  in  alcohol,  insoluble  in  ether. 

Products  of  decomposition  of  Chloroplatinate  of  Pyridine. — When  (^loroplatinate 
of  pyridine,  free  from  excess  of  platinic  chloride,  is  dissolved  in  hot  water,  and 
the  solution  kept  boiling  for  fire  or  six  days,  it  is  entirely  converted  into  a  su\h 
stance  resembling  sublimed  sulphur  in  appearance.  It  is  insoluble  in  water  and 
acids,  but  is  decomposed  on  boiling  with  solution  of  hydrate  of  potassium,  pjridisa 
being  evolved.  The  sulphur-like  body  is  the  hydrochlorate  of  a  platinum-base  analo- 
gous to  platinamine ;  it  nas  therefore  received  the  name  of  ptattno-pyridme.  Its  iae- 
mation  consists  simply  in  the  expulsion  of  one  atom  of  hydrochloric  add  from  one  aton 
of  the  chloroplatinate,  thus : — 

2(C*H*N.HCl)Pt«''Cl*     -     C»*H*PtN«.4Ha  +   2HCL 

If  the  boiling  be  arrested  before  the  entire  conversion  of  the  chloroplatinate  into  ths 
■alt  just  described,  beautiful  shining  plates  are  deposited.  They  consist  of  a  doublo 
salt  formed  by  the  union  of  one  atom  of  the  dihydrochlorate  of  {datino-pyzidxDie 
with  one  atom  of  the  original  platinum-salt.     (Anderson.) 

When  chloroplatinate  of  pyridine  is  boQed  with  excess  of  pyridine,  the  liqtad. 
becomes  dark  coloured,  and  on  evaix)ration  to  dryness  in  the  water-bath,  and  additkn 
of  water,  a  dark  solution  is  obtained,  and  a  crystalline  residue  left.  This  sabstance 
is  the  hydrochlorate  of  another  platinum-base,  platosopyridine^  analogous  to  platos- 
amine.     The  salt  has  the  formuk  (C*H*N)».Pt"Cl*  or  C'»fl»PtN«.2HCJL 

SubstUution-derivatives  of  Pyridine. 

Mbthyl-pyridinb. — ^This  compound  has  not  yet  been  examined. 

Ethyl-ptridixb. — The  free  bases  of  this  class  undergo  decomposition  when  iranned. 
(See  Ethtl-pxcoline,  p.  639.) 

Hydriodate  of  Ethyl-pyridine,  C'H*N.HI. — Obtained  in  the  same  manner  as  the 
corresponding  picoline  base,  and  of  similar  properties. 

Cfdon^latinaU  of  EthyLpyridine,  2(C^H»N.HCl)Pt«'Cl*.— Beautiful  garnet-colouivd 
rhomboidal  plates  with  beTelled  edges,  easily  obtained  a  quarter  of  an  inch  in  diameter, 
eren  when  operating  ou  very  small  quantities.     (Anderson.)  C.  G.  W. 

PTSZTSS.  A  mineralogieal  name  including  various  metallio  sulphides,  ehiefly 
those  of  copper  and  iron. 

Arsenical  pyrites  includes  the  two  species,  leucopyrite,  FeAs*,  and  mispickeL 
FeAs«.  FeS«  (iii.  368). 

Copper  pyrites  is  Cu*S.Fe»S"  (ii.  77). 

Iron  pyrites,  FeS*,  includes  the  yellow  or  cubic  species,  and  white  iron  pyrites  or 
marca&ite,  which  crystallises  in  trimetric  forms  (iii.  402).  Varieties  of  the  latt-er  ar« : 
KadicUid  pyriteSf  including  the  radiated  masses  and  more  simple  crystals  ;  spar  pyrites, 
the  macled  crystals;  htpatic  pyrites,  the  decomposed  liver- brown  monometric  crystals 
originally  consisting  of  yellow  iron  pyrites,  also  certain  hexagonal  pseudomorphs ;  cockS' 
comb  pyrites,  the  crest-like  aggregations  of  marcasite;  cellular  pyrites,  toe  oellular 
varieties  formed  by  the  decomposition  of  crystals  of  galena  which  contained  fllmc  of 
pyrites  between  its  layers. 

Magnetic  pyrites  or  pyrrhotin  is  generally  Fe'S' (iii.  402). 

Tin  pyrites  is  Cu«S(SnS«.Fe«S«).     See  Tm. 

Variegated  pyrites  or  erubescite  is  F«S.2Cu*S  (ii.  78). 

The  native  sulphides  of  copper  and  iron  are  extensively  used  for  the  extraction  of 
sulphur  and  the  manufacture  of  sulphuric  acid  (see  Richardson  and  Watts's 
Chemical  Technology,  vol.  i.  Pt.  3  and  Appendix). 

6yn.  with  Acbtoxb. 

Syn.  with  Phthalic  Anhtdaidb  (p.  631). 

Syn.  with  LopHiira  (iii.  733). 

ITXC   ACXD.     C'»H»*0*.    ^Schwanert^  Ann.  Ch.  Pharm. 

cxxviii.  77;  Jahresb.  1863,  p.  397.) — An  acid  proauced  by  the  action  of  heat  on 
camphretic  acid,  one  of  the  products  of  the  action  of  nitric  acid  on  campfaor. 
When  camphor  is  heated  with  10  or  12  pts.  of  nitric  acid  of  specific  gravity  1-34,  the 
liquid  cohobated  as  long  as  any  action  goes  on,  the  product  freed  as  completely  sa 
possible  by  repeated  evaporation  from  camphoric  acid  (i.  730)  which  dystallises  out,  sad 
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from  nitric  acid,  and  the  syrupy  mother-liquor  then  treated  with  10  pts.  of  cold  water» 

camphreticacid,  C"H'  *0*  «  ^       H*       ( ^*  dissolves,  while  another  acid  rpmaiDS 

behind.  To  purify  the  product,  the  filtered  solution  is  evaporated  till  t]ie  residue  dis- 
solves completely  in  cold  water,  and  the  solution  is  fractionally  precipitated,  either 
immediately  or  after  neutralisation  with  ammonia,  with  neutral  acetate  of  lead,  which 
throws  down  the  rest  of  the  camphoric  acid,  together  with  a  third  acid.  The  solution 
filtered  from  these  iead-salts  is  then  completely  precipitated  with  acetate  of  lead,  the 
washed  precipitate  is  decomposed  by  sulphydric  acid,  and  the  acid  filtrate  is  evaporated. 
Camphretic  acid  is  thus  obtained  as  an  ioodorous,  pale  yellow,  thick  syrup,  like  Venice 
turpentine,  having  a  sour,  pungent,  and  somewhat  bitter  taste.  It  dissolves  easily  in 
water,  alcohol,  and  ether,  and  forms  uncrystallisable  salts,  having  the  general  formula 

The  tthylio  ether,  C"H"(C«H»)«0»,  obtained  by  decomposing  the  silver-salt  with 
iodide  of  ethyl,  or  by  passing  hydrochloric  acid  gas  into  the  alcoholic  solution  of  the 
acid,  is  a  non-volatile  viscid  oil  of  specific  gravi^  1*0775  at  13°.  DUthyl-camphretio 
acid,  C'»H'«(C*H»)«0',  is  produced,  together  with  the  neutral  ether,  by  the  last- 
mentioned  process,  and  may  be  extracted  by  treating  the  oil  separated  by  wat«r  with 
dilute  soda-ley,  agitating  the  neutralised  solution  with  ether,  and  evaporating  the  ether. 
It  then  remains  as  a  thick  viscid  oil  of  specific  gravity  1*128  at  13°. 

Camphretic  acid  subjected  to  slow  distillation  in  an  oil-bath  yields  at  100°  an  acid 
watery  distillate  containing  acetic  acid  and  acetone,  then  between  180°  and  220°  an 
oily  distillate,  which  partly  solidifies  in  tabular  crystals,  and  finally  at  about  270°  a 
white  crystalline  sublimate,  with  a  large  residue  of  charcoal.  The  oily  body  is  pjrro- 
camphretic  acid,  C'*H**0*;  the  tabular  crystals  are  metacamphretic  acid,  C'*H'*0*; 
the  sublimate  consists  of  camphoric  anhydride,  CH'^O*. 

Pyrocamphretic  acid  is  a  pale  yellow  viscid  oil,  heavier  than  water,  having  an 
aromatic  odour,  and  a  slightly  sour,  burning,  aromatic  taste.  It  boils  between  206° 
and  210°,  does  not  solidify  at  0°,  is  insoluble  in  water,  but  dissolves  in  alcohol 
and  ether,  forming  strongly  acid  solutions.  The  barium-salt  and  the  lead-salt 
O*H"Pb*0*,  are  white  amorphous  precipitates. 

Metacamphretic  acid,  C'*H'*0*,  crystallises  from  an  alcoholic  solution  de- 
colorised with  animal  charcoal,  in  rhombic  tablets,  which  melt  at  89°,  solidify  at  66°, 
dissolve  sparingly  in  cold,  easily  in  hot  water,  and  in  all  proportions  in  alcohol  and 
ether.  The  aqueous  solution,  which  has  an  acid  reaction,  is  not  precipitated  even  after 
neutralisation,  by  calcium  or  barium-salts. 

WrwtQO£LVmoumo   JkCn^Ji     Syn.  with  Oxtphbhic  Acm  (p.  816). 

VTSOCHZiOSX.  A  mineral  consisting  of  niobate  and  titanate  of  calcium,  cerium, 
&c.  (p.  67).  Those  varieties  which  contain  fluorine  without  water  were  called  by 
Hermann  Jtuochiore,  the  others  hydrochlore. 

FTSOOITBIO  AXXSSM*  Adds  produced  by  the  destructive  distillation  of  citric 
acid,  viz.  aconitic,  citraconic,  and  itaconic  acids.  Mescaconic  or  citracartic  acid, 
pruduced  by  the  action  of  boiling  dilute  nitric  acid  on  citraconic  acid,  is  also  included 
l)y  Gerhardt  under  the  same  general  denomination. 

PTSOCBSOXTB.  A  variety  of  brucite,  with  excess  of  manganese,  found  in  the 
Pigsberg  iron  and  manganese  mine  in  Sweden,  where  it  forms  white  nacreous  veins  in 
the  magnetic  iron  ore.  It  is  laminar,  as  hard  as  brucite,  effloresces  in  the  air,  assuming 
first  a  bronze,  then  a  black  colour ;  when  heated  it  becomes  green,  and  afterwards 
black,  with  loss  of  water;  contains  76*400  MnO,  0006  FeO,  3  140  MgO,  1*270  CaO, 
16*350  H'O,  and  3*834  C0>     (Igelstrom,  Pogg.  Ann.  cxxiL  181.) 


A  mineral  occurring  in  kidney-shaped  masses  in  the  Mougo 
islands  on  the  Mosquito  coast.  It  consists  mainly  of  a  hydrated  tricalcic  phosphate, 
Ca*P*0«.2H«0. 


PTSOOOirZWa.    A  basic  poisonous  substance  said  to  be  produced  by  the  dry 
distillation  of  hemlock  (Handw.  vi  709). 


(G^lis,  Ann.  Ch.  Phys.  [3]  111  388.)— A  product  obtained 
by  the  roasting  of  starch  (appearing  indited  to  be  the  only  coloured  substance  thereby 
produced),  of  cereal  grains,  potatoes,  maize,  or  coflfee. — Starch  is  roasted,  with  constant 
stirring,  in  an  open  vessel  strongly  heated  on  one  side,  f^esh  portions  being  continuallj 
brought  in  contact  with  the  hot  part,  till  it  is  free  firom  adhering  water,  swells  up 
strongly,  gives  off  pungent  vapours,  and  sinters  together,  so  that  it  is  easily  separated 
from  Uie  hot  bottom  of  the  vessel.  It  is  then  dissolved  in  hot  water ;  the  clear  filtrate  ia 
evaporated;  and  the  residue  is  dried  and  heated  by  small  portions  in  an  air-bath  to  220° 
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-^  230^,  to  complete  the  roasting.  The  spongy  product  thus  obtained  ispuriiled,  espeeialljr 
from  adhering  dextrin,  by  repeatedly  dissolving  it  in  water  and  precipitating  the 
solution  with  alcohol,  as  long  as  dark  flakes  continue  to  sepaiate — or,  in  presence  of  a 
large  quantify  of  dextrin,  by  precipitating  the  aqueous  solution  with  excess  of  baryta- 
water  containing  alcohol,  washing  the  resulting  precipitate  with  weak  spirit,  poari^g 
upon  it  a  quantity  of  sulphuric  acid  sufficient  to  decompose  it,  filtering  the  liquid  to 
remove  sulphate  of  barium,  and  precipitating  the  filtrate  with  alcohoL  The  pyio- 
dextrin,  which  separates  in  the  form  of  syrup,  is  dissolved  in  a  small  qnantitj  of  water, 
the  filtrate  evaporated  over  the  water-bath,  and  the  residue  dried  at  140^. 

Fyrodextrin  is  a  solid,  brown,  friable  mass,  shining  and  tough  when  moiflt.  Lh 
odorous  and  tasteless.  When  dried  at  160°,  it  gives  by  analysis  45'7  per  cent,  cartnsi 
and  6*2  hydrogen,  which  may  be  represented  by  the  empiii(»l  formula  C^fl'X)*',  re- 
quiring 46-37  C,  6-25  H,  and  47-68  O. 

Combinations, — Pvrodextrin  when  exposed  to  the  air  takes  up  8  at.  water,  and  after- 
wards dissolves  readily  in  water,  forming  a  brown  adhesive  gum.  It  is  sparingly  solnbla 
in  alcohol  of  22  per  cent. ;  insoluble  in  absolute  alcohol  and  in  ether.  Aqueous  pjro- 
dextrin  is  not  coloured  purple-red  by  iodine  (like  dextrin ),  but  is  deooloziaed  hj  moist 
hydrate  of  aluminum. 

The  aqueous  solution  mixed  with  baryta-water  and  weak  alcohol  vields  a  precipitate 
containing  G^'H''Ba''0'^Ba''0 ;  and  -with  acetate  of  lead  and  abeolute  alcohol,  «  pre- 
cipitate containing  C«H'*Pb"0". 

Decompositions. — 1.  Fyrodextrin  remains  unaltered  at  210^ — 220^,  but  deoompoaes 
at  a  highej  tempemture  ,*  takes  fire  with  difficulty,  and  leaves  a  hard,  coherent,  slowly- 
burning  cinder. — 2.  When  treated  with  nitrio  acid,  it  yields  oxalic  acid. — 3.  Bj  o«7  of 
vitriol  or  strong  hydrochloric  acid,  it  is  converted  into  a  sparingly  soluble  brown 
powder;  dilute  sulphuric  or  hydrochloric  acid  alters  it  but  very  slowly,  even  when 
neated. — 4.  It  reduces  cuprous  oxide  from  an  alkaline  solution  of  cuprie  oxide,  and 
from  solutions  of  gold  and  silver'BtLlta  it  reduces  the  metals. 

Syn.  with  Ptbosiijllitb. 

Electricity  developed  by  heat  in  crystals  (ii.  411). 

An  unczystallisable  product,  formed  by  the  action  of  ammonia 
on  pyrogalUc  add  in  open  vessels.  Its  formation  is  probably  analogous  to  that  of  oroem 
from  oroin: 

3C«H«0"  +   6NH«  +   0»     =     C"H*N«0"   +   8H*0. 
PyrogalUc  Pjrrogalltrin . 

acid. 

It  forms  brown  precipitates  with  many  metallic  salts ;  but  they  decompooe  dming 
washing.    (Hosing,  Compt.  rend.  xlvi.  1189.) 

PTSOO AXi&ZO  ACZB.  Dioxyphemc  acid,  C^H>*.^Th\B  acid  was  fint  observed 
by  Scheele,  and  was  considered  as  sublimed  gallic  add.  Berselius  and  Pelouze  eetab- 
lished  its  composition.  It  contains  the  elements  of  gallic  acid  minus  carbonic  anhy- 
dride. 

It  is  best  prepared  by  heating  a  dried  aqueous  extract  of  nut-galls  in  a  pot  on  which 
is  placed  a  cap,  such  as  is  used  in  the  subhmation  of  benzoic  add.  The  venel  is  placed 
in  a  sand-bath  and  kept  at  a  temperature  of  180°  to  185^,  for  10  or  12  hours,  tn  this 
way  about  5  per  cent  of  acid  is  obtained.  According  to  Lie  big  (Ann.  Ch.  Fharm. 
d.  47),  gallic  acid  is  the  best  source  of  pyrogallic  add.  The  coarsely  powdered  gallic 
acid  is  mixed  with  twice  its  weight  of  bruised  pumice,  and  placed  in  a  retort  in  the 
tubulure  of  which  is  a  tube  connected  with  a  car  oonic  add  apparatus.  The  advantage  of 
this  arrangement  is  that  the  pyrogalL'c  acid,  which  decomposes  almost  at  the  same  tem- 
perature as  that  at  which  it  forms,  is  rapidly  removed  from  the  retort. 

Pyrogallic  add  is  aLso  produced,  together  with  gallic  (dioxysali^lic)  add  by  the 
action  of  hot  caustic  potash-solution  on  di-iodosalic^lic  acid.  (Laut em  ann,  Ann.  Ch. 
Pharm.  cxx.  299  ;  Jahresb.  1861,  p.  398.) 

Pyrogallic  acid  crystallises  in  long  flattened  prisms  soluble  in  2J  pts.  water  at  12^, 
and  somewhat  less  so  in  alcohol  and  ether. 

It  melts  at  115°  and  boils  at  210^,  and  its  vapour  excites  coughing.  At  250^  it 
blackens,  gives  off  water,  and  leaves  an  abundant  residue  of  metagallic  acid: 

C«H«0«      -       C«H*0»     +     H«0. 

FyroKAlllc  MetngalMc 

acid.  add. 

In  the  dry  state  it  does  not  alter  in  the  air,  but  its  aqueous  solution  becomes  brown, 
and  leaves  a  black  residue  on  evaporation.  This  change  is  most  rapid  in  the  presence 
of  alkalis.     When  potash  or  soda  is  added  to  a  solution  of  pyrogallic  add,  the  solution 
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becomes  npidly  black  from  absorption  of  oxypfon,  and  if  the  liquid  be  evaporated,  a 
black  gummy  residue  of  carbonate  and  acetate  is  obtained.  It  is  on  this  rapid  absorp- 
tion of  oxygen  that  the  use  of  pyrogallic  acid  in  eudiometiy  is  based.  (See  Analysis  of 
GasbSi  i.283.)  According  toBoussingault,  CalTertand  Cloez,  however  (Jahresb. 
1863,  p.  389),  a  small  portion  of  the  oxygen  is  converted  into  carbonic  oxide,  the 
volume  of  that  gas  amounting  to  3 — 4  per  cent  of  that  of  the  oxygen  absorbed  in  an 
atmosphere  of  pure  oxyeen,  and  about  2^  per  cent,  in  air. 

Pyrogallic  acid  is  easily  oxidised  by  permanffanate  of  potassium^  and  the  reaction  is 
used  by  Monier  (Compt.  rend.  xlvL  677 ;  Jahresb.  1858,  p.  629),  for  the  volumetrio 
estimation  of  the  acid.  It  is  not  acted  upon  by  hydrochloric  acid.  With  fuming 
sulphuric  acid  it  forms  a  brown  solution  containing  a  sulpho-acid  not  yet  examined 
With  fuming  nitric  acid  it  yields  oxalic  acid  (Bosing).  Its  aqueous  solution  is  turned 
brown  by  nitrous  acidf  even  in  very  small  quantity,  so  that  in  fact,  pyrogallic  acid  affords 
as  delicate  a  test  for  nitrous  acid  as  iodised  starch-paste  (Schonbein,  Zeitschr.  anal. 
Chem.  i.  319). — Chiorine  turns  pyrogallic  acid  black,  and  gives  off  hydrochloric  acid. 
Iodine  does  not  appear  to  act  upon  it  below  200^.  With  anhydrous  bromine  it  forms 
the  compound  CH'Br'O'.  It  is  not  acted  on  by  amrnonia-gas  in  close  vessels,  but  if 
exposed  to  the  air  at  the  same  time,  it  is  converted  into  pyrogallem  (p.  768).  (Bosing, 
Compt.  rend.  liv.  1149 ;  Jahresb.  1857,  p.  316.) 

Wnen  pyrogallic  acid  is  added  to  milk  of  limey  the  liquid  assumes  a  beautiful  red 
tint,  which  rapidly  passes  to  a  deep  brown.  This  reaction  is  so  delicate  as  to  serve 
for  detecting  small  quantities  of  the  add. 

The  solution  of  9k  ferrous  salt  added  to  pyrogallic  acid  produces  a  beautiful  indigo 
colour,  the  presence  of  the  smallest  trace  of  ferric  salt  produces  a  deep  green  tint. 
With /erric  saUs  alone  a  red  colour,  but  without  a  precipitate,  is  obtained.  JHchromate 
of  potassium  produces  a  brown  colour. 

The  salts  of  mercury^  silver,  gold  and  platinum  are  easily  reduced  to  the  metallic 
state  by  pyn^gallic  acid. 

Pyrogallic  acid  is  extensively  used  in  photography  as  a  reducing  agent,  and  also  in 
some  processes  for  colouring  the  hair  brown  or  blade. 

It  is  a  weak  add.  The  addition  of  the  smallest  quantity  of  alkali  gives  it  an  alkaline 
reaction  and  colours  it.  It  liberates  carbonic  acid  from  the  alkaline  carbonates,  but 
not  from  the  carbonates  of  the  alkaline  earths.  According  to  Bosing,  it  does  not  de- 
compose any  carbonates. 

The  pyrogallates  aro  little  known.  They  are  moore  soluble  than  the  gallates,  but 
like  them,  they  have  a  strong  tendency  to  become  coloured  in  contact  with  the  air. 
To  provent  this  alteration  they  should  be  evaporated  in  a  vacuum. 

Tne  potassium-salt  crystaUisee,  according  to  Pelouze,  in  rhomboidal  plates.  Accord- 
ing to  Bosing,  on  the  other  hand,  pyrogallic  add  does  not  form  definite  salts  with 
ammonia  or  with  the  fixed  alkalis. 

The  most  stable  of  the  pyrogallates  is  the  antimony-salt,  OH^bO^,  or  rather 
C'H^SbOyO*,  which  separates  in  white  nacreous  laminss  on  mixing  a  somewhat  con- 
centrated solution  of  the  add  with  a  boiling  solution  of  tartar-emetic.  It  remains 
unaltered  at  130°,  is  insoluble  in  water,  but  dissolves  easily  in  hydrochloric  acid 
(Bosing).  A  lead-salt  containing  Ci'H>«Pb"0*JPb''HK)'  is  predpitated  on  dropping 
a  solution  of  neutral  lead-acetate  into  an  excess  of  pyrogallic  add.  (Stenhoase^  Ann. 
Ch.  Pharm.  xlv.  1.) 

Pyrogallic  add  also  combines  with  gelatin  and  casein.  When  heated  for  86  hours 
with  stearic  add  to  200^,  it  forms  a  crystalline  compound  which  cannot  be  separated 
from  the  excess  of  stearic  add.    (Bosing.) 

Tribromopyrogallie  acid,  C'H'Br'O'. — Produced  by  the  aetioa  of  anhydrous 
bromine  on  diy  pyrogallic  add,  and  separates  from  alcoholic  solntio*  is  laige  ciystals 
containing  1  at.  water.  It  is  nearly  insoluble  in  cold  water,  decomposable  by  boiling 
water.  The  solution  when  mixed  with  alkalis,  acquires  a  deep  red  colour,  changing  to 
brown  on  exposure  to  the  air.  Ferrous  sulphate  produces,  even  in  a  very  dilute  solu- 
tion of  the  bromine-compound,  a  deep  blue  colour,  turning  black  on  prolonged  exposure 
to  the  air.    (Bosing.)  E.  A. 


A  name  applied  by  Dumas  to  pyro-acids  and  other  products  of  the 

action  of  heat  on  organic  bodies. 


Syn.  with  Fobmio  Aoid. 

kOO&VCZO  AOZD.    Syn.  with  Ptbodbxtbik. 

kOOXiTOMWDr.    Syn.  with  DiglyceEin  or  Biglycecic  aloohoL  (See  Gltcbbtl, 
Htdbatbs  of,  ii.  894.) 
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8yn.  with  Diglycide.  ^^^'jo*  (locciL), 


rrXOOXiTCX-TBXBUXinmtOini  ACZB.    (C"HMnO'.— An  acid  pnxliiced 

H«  ) 
by  the  action  of  nitric  acid  on  dithioglycerin  or  trithiogljcerin  (ii.  895).  It  is  a 
ffummy  deliquescent  mass.  Its  salts,  formed  by  the  substitation  of  M*  or  M*  for  the 
basic  hydrogen  of  the  acid,  are  insoluble  in  alcohol,  and  with  the  exception  of  the  lead- 
salt,  deliquescent  The  solution  of  the  free  acid  eraporated  with  dilute  nitric  acid, 
yields  glyoeri-monosulphurous,  oxalic,  and  sulphuric  acids ;  with  excess  of  nitric  add, 
only  the  two  latter.     (Carius,  Ann.  Ch.  Pharm.  cxxiy.  221.) 

FTXOCnrOMZO  waxWMJklM*  Minerals  which  when  heated  to  a  ceitflun 
degree,  exhibit  a  glow  or  incandescence,  probably  arising  from  a  new  disposition  of 
their  molecules.  Such  is  the  case  with  gadolinite,  orthite,  pyrochlore,  tachnewkinite, 
uranotantalite,  euxenite,  polycrase,  malacone  and  a  certain  jariety  of  sphene  (Handw. 
d.  Chem.  yi  62) :  see  also  Amobphisx  (i.  200). 

FTmoaVAZAQIO  ACZD.     Syn.  with  Gua.iacol  (ii.  946). 

VTXOOVAZACnr.  A  crystalline  substance  produced,  together  with  gnaiacol, 
by  the  dry  distillation  of  guaiaretic  acid.    See  Guaulcum  (ii  948). 

VTSO&JL  Pyrola  (or  Chimaphila)  umbeUata^  contains  according  to  S. Fairbank, 
(Am.  J.  Pharm.  zxzii.  254;  Jahrosb.  1860,  p.  547),  an  iron-greening  tannin,  atarch, 
gum,  unczystallisable  sugar,  pectic  acid,  resin,  fat,  chlorophyll,  an  acrid  resinofus 
substance,  a  yellow  colouring  matt«r,  and  a  yellow  crystalline  body  called  chima- 
phyllin.    The  leayes  (?  dried)  yield  5*24  per  cent.  ash. 

On  distilling  the  plant  with  water,  chimaphyllin  condenses  in  the  neck  of  the  retort 
(the  stalks  yield  more  than  the  leayes).  It  crystallines  in  long  golden-yellow  needles, 
tasteless,  inodorous,  sublimable  without  decomposition,  insolubfe  in  water,  soluble  in 
alcohol,  ether,  chloroform,  and  oils  both  fixed  and  yolaUle.  The  alcoholic  solution  ia 
not  precipitated  by  mercuric  chloride  or  tannic  acid. 

;pT&0&BXO  AQXpp    Byn.  with  SaBAac  Acid. 

FSHO&Ionoira  ACZB.  Impure  acetic  acid  obtained  by  the  distillation  of 
wood  (i.  9). 

PTSO&nra.    Syn.  with  Ptbbol. 

FTSOXiXTROraXiXiZC  ACZB.  C**H*«0*.— An  ecid  oil  produced  by  the  dry 
distillation  of  lithofellic  acid,  the  chief  constituent  of  some  kinas  of  oriental  beaoar 
(ii.  584).  Lithofellic  acid,  C*H'*0*,  is  extracted  from  these  concretions  by  solution  in 
boiling  alcohol,  and  crystallises,  after  decolorisation  with  animal  charcoal,  in  yery 
smull  rhomboidnl  prisms,  colourless,  hard  and  easily  pulyerisod.  It  dissolves  in  29 
pts.  alcohol  at  20^,  and  in  6^  pts.  boiling  alcohol ;  in  444  pts.  cold  ether  and  47  nta. 
boiling  ether.  It  melts  at  205^,  volatilises  in  white  aromatic  vapours  when  melted  in 
ail  open  vessel,  and  is  converted  by  dry  distillation,  with  loss  of  1  at.  water,  into  pyro- 
lithofellic  acid. 

PT&O&ZVZ&ZC  ACZB.  C»H*K)»  «  2C"H'«0«.H«0.  (Sobrero,  Ann.  Ch. 
Pharm.  liv.  206 ;  Gm.  xiv.  206.) — A  product  of  the  dry  distillation  of  olivil  (p.  200). 
It  is  a  colourless  oil,  heavier  than  water,  having  the  taste  and  smell  of  eugenic  acid ; 
boils  above  200°.  It  is  very  slightly  soluble  in  water,  but  easily  soluble  in  alcohol  and 
iu  ether.  The  aqueous  solution  reddens  litmus.  The  oil  dissolves  chloride  of  calcium, 
and  cannot  again  be  separated  therefrom.  It  dissolves  readily  in  caustic  potash,  but 
without  yielding  a  crystallisable  salt  (thereby  distinguished  froim  eugenic  acid).  The 
acid  reduces  nitrate  of  silver,  and  is  converted  by  nitric  acid  into  picric  acid  and  a 
resin. 

The  alcoholic  solution  of  the  acid  forms  with  basic  acetate  of  lead,  white  curdy  flakes 
which  dissolve  in  alcohol  and  are  separated  from  the  solution  by  evaporation  or  by 
dilution  with  water.  When  separated  by  evaporation,  they  contain  67*6  per  cent. 
lead-oxide ;  when  precipitated  by  water,  53*2  per  cent,  the  former  agreeing  with  the 
formula  C'»H»0».Pb''0. 

VTSOXiVBZTB.    Native  peroxide  of  manganese  (iii.  811). 

lOUffAliTC  ACZB.     Syn.  with  Mausic  Acm  (iii.  784). 

LOMAXIO  iLCII>.  An  acid  obtained  by  subjecting  pimaric  acid  (p.  64^) 
4o  dry  distillation:  probably  identical  with  sylyic  add  (Laurent:  see  trmelifCs 
Handh(Mjk,  xvii.  326). 

PTSOWBCOSriG  ACSB.    C*H«0».     Pt/rocotHcnic  acid.—An  acid  isomeric  with 
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pyromncic  acid  and  citraconic  anhydridei  produced  by  tlie  diy  distillation  of  comenie 
or  of  meconic  acid : 

C'H*0»     =     C0«  +  C«H«0»;  and  CTBE^O*    -     C0«  +  C«H*0«. 
Meconic  Comenlc  Comenie  Pyromo- 

acid.  acid.  add.  conic  acid. 

It  was  discovered  by  Sertiirner  in  1817,  bat  regarded  as  identical  with  meconic  acid, 

till  the  difference  was  pointed  out  by  Robiquet  in  1833.    It  has  been  chiefly  studied 

by  Robiquet  (Ann.  Ch.  Phys.  [21  ▼.  282;  li.  236),  Stenhouse  (Phil.  Mag.  [3] 

xxiv.  128),  and  J.  F.  Brown  (PhiL  Mag.  [4]  iv.  161 ;  riii.  201). 

Pyromeconic  acid  is  prepared  by  subjecting  meconic  acid  to  dty  distillation,  between 

260^  and  820°,  pressing  the  semifluid  distillate  between  paper,  and  pnrifjring  it  by 

sublimation.   It  forms  large  transparent  tables,  dissolves  easily  in  water  and  in  alcohol, 

melts  at  120° — 125°  and  sublimes  easily  even  below  100°.    Its  aqueous  solution  is 

coloured  red  hyferrie  salts.    It  is  easily  oxidised  by  nitric  acid  and  by  excess  of  chloT' 

ine-Vfaier,   and  converted  into  oxalic  acid.     Wim  bromine-water  it  yields  bromo- 

pyromeconic  acid.    It  *is  not  acted  upon  by  iodine,  but  chloride  of  iodine  converts  it 

into  iodopyromeconic  acid. 

Pyromeeonates.  Pyromeconic  acid  is  monobasic  It  is  a  Teiy  weak  acid,  does 
not  decompose  carbonates,  and  does  not  appear  to  form  definite  salts  with  the  alkalis, 
inasmuch  as  an  alkaline  solution  of  the  acid  in  potash  or  anunonia  deposits  free  pyro- 
meconic acid  when  left  to  evaporate. 

The  barium-salt,  C»«H«Ba'6«.H«0,  and  the  calcium-salt  C»»H«Ca'0«.H«0,  separate  in 
slender  needles  when  a  solution  of  the  acid  supersaturated  with  ammonia  is  mixed 
with  acetate  of  barium  or  calcium. — ^The  strontivm-salt,  C'»H*Sr"0*.H*0,  separates  on 
mixing  alcoholic  nitrate  of  strontium  with  an  alcoholic  and  ammoniacal  solution  of  py- 
romeconic acid,  as  a  white  crystalline  powder,  and  may  be  obtained  in  stellate  groups 
of  needles  by  crystallisation  from  water.  The  cwprio  salt,  C'*H*Cu'*0«,  is  formed  by 
boiling  the  aqueous  add  with  excess  of  eupric  hydrate,  and  separates  from  the  filtrate 
on  cooling  in  long,  slender,  emerald-green,  very  fragile  needles.  It  may  also  be  obtained 
by  mixing  ammoniacal  eupric  sulphate  with  a  warm  aqueous  solution  of  pyromeconic 
acid. — ^The  ferric  salt,  C*H*Fe*"0'*,  is  deposited*  in  vermiUon-coloured  crystals  on 
adding  ferric  chloride  to  a  hot  concentrated  solution  of  'the  acid.--<-The  lead-salt, 
C^H^^O*,  prepared  like  the  barium-salt,  is -a  white  crystalline*  powder. — ^The 
inagnesiumsatt,  C**H*Mg''0*,  is  a  white  amorphous  precipitate,  obtained  on  mixing  the 
warm  aqueous  solution  of  the  add  with  acetate  of  magnesium. — The  silver-salt  is  ob- 
tained on  adding  nitrate  of  silver  to  the  aqueous  add,  as  a  yellow  gelatinous  predpi- 
tate,  moderately  soluble  in  water  and  in  aloohoL  * 
.  No  ether  or  amide  of  pyromeconic  acid  has  yet  been  obtained. 

Bromonrromeoaiiio  aeldf  C*H"BrO*,  is  obtained  by  adding  bromine-water  to 
the  aqueous  solution  of  pyromeconic  add,  care  being  taken  to  avoid  an  excess  of 
bromine,  as  that  would  produce  oxalic  add.  Bromopyromeconio  add  separates  from 
the  solution  on  standing,  in  colourless  prisms  slightly  soluble  in  cold,  more  soluble,  with 
add  reaction,  in  boiling  water,  easily  soluble  in  boilinff  alcohol,  which  deposits  it  by 
slow  cooling  in  shortened  prisms.  It  is  coloured  wk  red-purple  by  ferric  salts, 
dissolves  without  alteration  in  sulphuric  add,  but  is  decomposed,  with  efifervMoence, 
by  nitric  add.  When  distilled  it  gives  off  hydrobromic  add,  and  if  the  heat  be 
continued,  yields  a  crystalline  sublimate. 

It  is  monobasic,  does  not  precipitate  or  reduce  nitrate  of  silTer,  and  gives  no  pred- 
pitate  with  barium-,  calcium-,  or  magnesium-salts,  even  in  presence  of  ammonia.  With  a 
hot  solution  of  ammoniacal  eupric  sulphate  it  forms  a  bluish  predpitate.  The  lead- 
salt,  G'*H«Br*Pb"0«  (  +  HK)  according  to  Brown),  is  obtiuned  on  mixing  the  hot  alco- 
holic solutions  of  pyromeconic  acid  and  acetate  of  lead,  as  a  white  predpitate  com- 
posed of  small  needles  which  quickly  decompose.  It  b  insoluble  in  water  and  in 
alcohol. 

loaopsrromeeonio  sold,  C*H*IO'.  (J.  F.  Brown,  Phil.  Mag.  [4]  viiL  201.) 
— Produced  by  the  action  of  protochloride  (or  protobromide)  of  iodine  in  aqueous  solu- 
tion on  a  cold  saturated  solution  of  pyromeconic  add.  It  crystallises  in  shining 
lamin»,  melts  when  heated  above  100°,  forming  a  black  liquid,  which  then  suddenly 
decomposes,  giving  off  a  large  quantity  of  iodine.  Nitric  add  deoomposes  it,  with 
separation  of  iodine.  When  treated  with  excess  of  chloride  of  .iodine  it  yields  yellow 
hexagonal  plates  which  were  regiuded  by  Brown  as  a  peculiar  substfuice,  iodtmecone, 
C'H^PO',  but  prk)bably  consist  of  iodoform  (iii.  31 1\ 

Iodopyromeconic  acid  dissolves  sparingly  in  oold  water  and  alcohol,  abundantly  in 
both  liquids  at  the  boiling  heat  The  aqueous  solution  imparts  a  deep  purple  colour 
to  ferric  chloride,  and  forms  with  nitrate  of  silver  a  yellowish-white  precipitate  iolnble 
in  ammonia. 
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The  alcoholic  eolution  of  the  acid  mixed,  with  ammonia  forms  with  acetate  of 
barium  a  crystalline  salt  having  the  composition  C'*H^I*Ba''0«.HK).  The  lead-&alt^ 
CH^PPb^O*,  obtained  in  like  manner,  is  an  amorphous  precipitate. 

VnomXiZmiL  Hydiated  sulphate  of  nickel,  occurring  in  capillary  interladng 
ciystalBy  or  as  a  greenish-white  efflorescence,  at  Wallace  Mine,  Lake  Huron,  on  a  sul- 
phide of  nickel  and  iron  ;  also  as  an  earthy  pale  yellow  crust  at  the  Frerichs  Mine  neftr 
6ayreut    (Dana,  iL  386.) 

VTROMBXAITZC  ACIB.  C*H*0«  or  C^^^H'O*?  (Erdmann,  Ann.  Ch.  Pharm. 
Ixzx.  281.) — ^Produced  by  distilling  mellitic  acid  at  aa  low  a  temperature  as  possible. 
It  then  either  sublimes  in  white  crystals,  or  distils  over  as  an  oil  which  solidifies 
in  a  crystalline  mass  on  cooling.  Carbonic  anhydride  is  giyen  off  at  the  same  time, 
together  with  a  little  carbonic  oxide,  and  a  carbonaceous  residue  is  left : 

2C*H«0*     -     C*H«0«  +  SCO  +  H*0 
or  more  probably 

3C<HH)«     -     C»«HH)«  +  2C0«. 

It  may  also  be  obtained  by  distilling  a  meUitate,  the  oojyper  or  sodium-salt  for 
example,  with  sulphuric  acid ;  but  the  best  mode  of  preparing  the  pure  ciystallised 
add  is  to  decompose  the  sodium-salt,  purified  by  cxystaliisation  from  alcohol,  with  hy- 
drochloric or  nitric  acid. 

Pyromellitic  crystallises  in  colourless  tricUnic  prisms,  exhibiting  aooording  to 
Naumann,  the  combination  oP  :  ooF.  odP  .  P^  .  ^.  Poo  .  2l*  oo.  Angle  oP  :  o^  «» 
111«>;  oP  :  ooP  -  94®  16';  ooP  :  «F  -  76<»  80' ;  oP  :  ,P  -  62«;  oP  :  P  —  71° 
46';  ooT:P  -  78«»;  ooF :  P,  -  140°  46';  ooP :  ;P  -  147<>46';  oP :  »^oo  « 
99°  45';  oP  :  2P  00  -  1^^  30' :  ooPoo  2Poo  «  166''  45'.  The  oystals  are  alightlj 
soluble  in  cold  water,  yery  soluble  in  boiling  water  and  in  alcohoL 

The  add  dried  at  lOO^' — 120^  exhibits  the  following  composition : 

Brdmaan. 

X » >  C»0H«OS 

Carbon 47*27— 47*81  47*24 

Hydrogen 2*34—  2*41  237 

Oxygen     •       •       •       •       •           i>         i»  60*39 

10000  100-0 

Water  of  crystallisation     .        •        12*33^12*63  12*41  12*5 

The  formula  C'*H*0*  accords  best  with  the  analysis^  and  also  acoonnta  most  zeadHj 
for  the  formation  of  the  acid  {xnd,  aup.). 

The  crystals  heated  to  100°  giye  off  12-6  per  cent  water ;  at  a  hieher  temperature 
the  acid  melts  and  sublimes  with  partial  decomposition ;  the  melted  add  if  strongly 
heated,  takes  fixe  and  bums  with  a  blight  smoky  fiame.  The  add  dissdlyes  without 
decomposition  in  hydrochloric,  nitric,  and  sulphuric  adds  at  the  boiling  heat^  and  is 
precipitated  by  water  from  the  last-mentioned  solution. 

AocorcUng  to  the  formula  C'^HH)*,  pyromellitic  add  is  tetrabasic,  the  formula  of  its 

normal  salts  being  (  -X^l  O*,    The  pyromellitates  of  the  alkali-metals  areoolonr- 

less,  crystallisable,  yeiy  soluble  in  water,  insoluble  in  strong  alcohol,  slightly  soluble 
in  weak  spirit.  Their  solutions  predpitate  a  large  number  of  metallic  s^ts,  the  pre- 
dpitates  being  yery  apt  to  retain  alkali,  to  avoid  which  it  is  best  to  pour  the  alkaline 
pyromellitate  into  an  excess  of  a  hot  solution  of  the  metallic  salt.  The  dartum-,  eaMum-, 
tead^,  and  nlwr-wlU  are  white  crystalline  predpitates.  The  lead-salt  gaye  by  analysis 

65*34  and  66*23  per  cent  lead-oxide,  the  formula  C"H*P'()K)".H*0,  requiring  66*49  per 
cent— The  silver-salt  gave  67*7  to  680  per  cent  Ag*0 ;  the  formula  C**H*Ag*0* re- 
quires 68*0  per  cent. 

FTSOMXBIBB.  A  granitoid  rock  containing  felspathic  spherules  thickly  dis- 
seminated.   (Dana,  ii.  246.) 

An  instrument  for  measuring  high  temperatures.    (See  Hbat, 

;o  ACZB.    Syn.  with  Oxtphbkic  Acid  (p.  316). 
Natiye  Phosphato-chloride  of  lead.    (See  Phosfhatbs,  p. 

See  Ptbomucic  Acid,  Ajudbs  of  (p.  764). 
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.   C.HH).-C*^J0,«»(O^)''J0.0r(CH^P)'|0.. 

Pyroschleinisdure.  Bremschldmsaure, — ^This  acid,  metameric  with  pyromeconic  add 
and  citraconic  anhydride,  was  discoyeredby  Scheelein  1780,  but  regarded  at  that  time 
as  BUcciDic  acid.  It  was  first  recognised  as  a  distinct  acid  byHouton-Labillar- 
di^re  (Ann.  Ch.  Phys.  [2]  iz.  365),  and  has  been  further  examined  byPelonze  (Ann. 
Ch.  Pharm.  iz.  273);  Bonssingault  (t^.  xr.  184) ;  Liis-Bodart  (t^.c.  327); 
Schwanert  (ibid,  cjliy.  63;  czri.  257);  and  by  Sehmelz  and  Beilstein  {ibid, 
Suppl.  iii.  276). 
Il  is  produced  by  the  dry  distillation  of  mucic  add : 

C«H»«0«     =    C»H«0«  +  C0«  +  3H«0; 

and  by  the  oxidation  of  furfurol,  CH^O*,  which  is  its  aldehyde. 

Its  relations  to  furfurol  and  to  bases  are  sufildently  represented  by  the  first  rational 
formula  above  given ;  but  its  relations  to  carbopyrolainide  and  carbopyrrolic  add 
(p.  764),  are  better  expressed  by  the  second  or  thiid. 

Preparation, — I.  Mucic  add  is  subjected  to  dry  distillation ;  the  distillate  is  mixed 
with  water,  filtered,  and  evaporated  to  the  crystallising  point;  and  the  product  is  purified 
by  reciystallisation,  distillation  or  sublimation. — 2.  Furfurol  is  boiled  with  water  and 
recently  predpitated  silver-oxide ;  the  silver  is  predpitated  from  the  filtrate  by  hydro- 
chloric acid ;  the  liquid  again  filtered  and  evaporated  to  the  crystallising  point ;  and  the 
acid,  which  usually  has  a  green  colour,  is  purified  by  reciystallisation  from  dilute 
alcohol  (Schwanert). — 3.  An  alcoholic  solution  of  furfurol  mixed  with  a  solution  of 
potash  in  absolute  alcohol,  solidifies  to  a  crystalline  mass  of  potassic  pyromucate,  from 
which  the  add  may  be  obtained  by  distillation  with  hydrochloric  acid  (Ulrich, 
Zeitschr.  Ch.  Pharm.  1861,  p.  186).  Part  of  the  pyromudc  acid  is  converted  at  the 
same  time  into  pyromudc  alcohoL    (Sehmelz  and  Beilstein,  p.  765.) 

iV(>per^iftf.--^romudcacid  forms  white  needles  or  lamine  which  melt  at  130^,  and 
sublime  easily  even  below  100^.  It  dissolves  in  28  pts.  of  cold,  and  4  pts.  of  boiling 
water,  and  is  easily  soluble  in  alcohol. 

Lecomposiiiona, — 1.  Pjrromudc  add  is  not  attacked  by  nitric  add. — 2.  "By  mlvkurie 
anhydride  it  is  converted  into  sulphopyromudc  add,  G'M^SO'. — 3.  With  pentachloride 
ofphoiphorus  it  yields  chloride  of  pyromuc^l,  C*H*0*Cl.-^4.  By  bromine,  in  presence 
of  water,  it  is  converted  first  into  a  neavy  oil  (probably  C^H*0*\  which  appears  to  have 
been  previously  noticed  by  Cahours  (Chn,  Handb.  x.  384),  and  ultimately  into 
mucooromic  apid,  C'H'BrH)*: 

C*H«0«  +  Br»  +  2H«0     -    C<H«Br*0«  +  C0«  +  6HBp. 

With  chlorine  in  like  manner  it  yields  mucochloric  acid,  C^H'Cl'O*.  (Schmels 
and  Beilstein.) 

Pyromucates.  ^^mudc  add  is  monobadc.  It  dissolves  zinc  and  iron  with 
evolution  of  hydrogen. 

The  pyromucates  of  the  alkali-metals  are  easily  soluble  in  water  and  alcohol,  and 
difficult  to  crystallise.  The  potassium-Mlt,  C*H'KO',  separates  after  a  while  from  its 
alcoholic  solution  mixed  witn  ether,  in  brilliant  scales  and  needles  permanent  in  the 
air.  The  sodium-salt,  CH'NaO^  resembles  the  potassium-salt  and  may  be  ciystallised 
in  like  manner.    (Sehmelz  and  Beilstein.) 

The  barium-salt,  C'*H^Ba"0',  forms  small  crystals  soluble  in  water  and  in  alcohol 
(Schwanert).  The  caicium-salt,  C'*H*Ca"0',  is  obtained,  by  neutralising  the  aqueous 
acid  with  marble  and  evaporating^  in  small  crystals,  easily  soluble  in  water  and  in 
alcohol.  When  prepared  like  the  potassium-salt,  it  forms  a  snow-white  crystalline 
powder.    (Sehmelz  and  Beilstein.) 

The  cupric  salt,  obtained  by  neutralisation,  ferms  small  green  crystals, 
Gi'H«Cu"0*.6H*0,  more  soluble  in  hot  than  in  cold  water. 

The  lead-salt,  C'*H'Pb*0*.2H*0,  separates  from  a  concentrated  aqueous  solution  on 
cooling  in  beautiful  white  hard  crystals,  sparingly  soluble  in  cold,  more  soluble  in  hot 
water.    (Sehmelz  and  Beilstein.) 

The  silver-salt,  C^H'AgO*,  forms  white  crystalline  scales,  but  is  partly  decomposed 
during  the  evaporation  of  its  aqueous  solution. 

Appendix  to  Pyromueie  Acid, 

1.  ICnoolwomio  aeld«  C^H'BrH)*. — ^To  prepare  this  add,  bromine  is  slowly  added 
to  pyromudc  acid  covered  with  a  h'ttle  water  in  a  cooled  vessel  till  it  no  lox^r  dis- 
appears ;  and  the  product  is  digested  with  excess  of  bromine  over  the  water-bath,  till 
the  heavy  oil  produced  in  the  firai;  stage  of  the  reaction  (v.  vid.  supA  is  wholhr  converted 
into  muoobxomic  acid.    The  solution  concentrated  at  the  heat  of  tne  water-mth  yields 


1 


764  PYROMUCIC  ACID,  AMIDES  OF. 

iDucobromic  acid  in  tufts  of  white  nacreous  crjstalliue  laminse,  much  more  solnble  in 
hot  than  in  cold  water,  easily  soluble  in  alcohol,  melting  at  120^,  and  subliming  with 
partial  decomposition. 

Mucobromic  acid  reddens  litmus  paper  and  decomposes  carbonates,  but  its  salts  are 
very  unstable.  A  solution  of  the  acid  in  absolute  alcohol  digested  for  some  time  with 
hydrochloric  acid,  }'ields  on  addition  of  water,  oily  drops  probably  consisting  of  ethylic 
mucobroniate. 

.  When  mucobromic  acid  is  boiled  with  excess  of  baryta-water  in  a  close  Tessel,  car- 
bonate of  barium  is  precipitated,  gaseous  bromacetylene  is  given  off,  and  a  solution  is 
formed  containing  bromide  and  muconateof  barium.    The  reaction  is, 

2C*H«Br*0«  +   H«0     =     C«H«0»  +  C?«HBr  +   2C0*  +   3HBr. 

Mucobromic  Muconic  Brom- 

acid.  acid.  acetylene. 

Boiled  with  oxide  of  silver,  it  yields  a  silver-salt  having  the  composition  CH^r'Ag'O*, 
the  reaction  probably  taking  place  as  shown  by  the  equation, 

2C*H«Br*0»  +    2Ag»0     -     C'H«Br«Ag»0»  +  AgBr  +  H«0   +   CO» 

This  silver-salt  decomposed  by  sulphuretted  hydrogen  yields  a  cryst-sllised  acid, 
C*H*BrH)*,  which,  when  boiled  with  baryta,  is  resolv^  into  muconic  acid,  bromacety* 
lene,  hydrobromic  acid  and  carbonic  anhydride : 

C'H»Br'0»     -     C*H«0«   +  C»HBr  +   2HBr  +   00*. 

The  ultimate  products  are  therefore  the  same  as  when  mucobromic  acid  itself  is  treated 
with  baryta-water.     (Schmelz  and  Beilstein.) 

2.  aEneooblorlo  aoldf  C^H'Cl'O',  is  prepared  by  passing  chlorine  gas  into  a 
warm  aqueous  solution  of  pyromucic  acid,  and  concentrating  the  liquid,  first  over  the 
water-bath,  then  over  oil  of  vitriol  and  lime.  It  forms  small,  shining,  limpid'  cryBtals, 
easily  soluble  in  water  and  alcohol,  and  melting  at  125°.  (Schmelz  and 
Beilstein.) 

3.  BKaooiile  aotdt*  C*HK)'. — ^When  the  liquid  obtained  as  above  by  the  action  of 
ba^ta-water  on  mucobromic  acid  is  freed  from  excess  of  baryta  by  means  of  carbonic 
acid,  and  the  filtrate  is  evaporated,  muconate  of  barium  is  deposited  in  crystalline  crusts 
which  may  be  purified  by  washing  with  cold  and  recrystaUisation  from  hot  water,  or 
better  by  precipitation  with  alcohol.  It  then  forms  white  flakes,  consisting  of 
2C*Ba''0*.H''0.  Its  aqueous  solution  mixed  with  neutral  acetate  of  lead,  yields  a  white 
precipitate  of  muconate  of  Uad^  which  dissolves  in  boiling  water,  and  separates  in  small 
crystals  on  cooling.  By  decomposing  this  lead-salt  with  snlphuretted  hydrogen,  and 
evaporating  the  filtrate,  muconic  acid  may  be  obtained  in  crystals.  This  add,  so  far 
as  its  empirical  formula  is  concerned,  is  homologous  with  pyromucic  acid.  (Schmelz 
and  Beilstein.) 

PTSOBIVCZC  AOZBv  AMZBBBOr.       1.  Pyromucamide,   C^H^NO*    » 

^H'^'JNor  (^H^^r  |N  ^^  (C»H«0)"1^.— Produced  by  the  action  of 

pyromucic  chloride  (Li^s-Bodart),  or  by  heating  ethylic  pyromucate  with  strong 
aqueous  ammonia  for  some  time  to  120^  (Schwanert).  It  is  crystallisable,  melta  at 
about  130°,  and  subUmes  easily  without  decomposition.  It  is  soluble  in  water  and  in 
alcohol, 

^'     )N  . 

2.  Carhopyrrolic  acid^  (C*H*0)*  V^  . — This  compound,  metameric  with  pyromuca- 

H      3" 

mide,  and  related  to  it  in  the  same  mannner  as  alanine  (lactamic  acid)  to  lactamide 
(iil  463),  or  glyoocine  (glyoollamic  acid)  to  glycollamide  (ii.  902,  908),  is  obtained  as  a 
barium-salt  by  boiling  carbopyrrolamide  with  excess  of  baryta  as  long  as  ammonia 
continues  to  escape,  removing  the  excess  of  baryta  by  carbonic  acid,  and  evaporating ; 
carbopjrrollate  of  barium  then  separates  on  cooling  in  large  crystalline  laminse,  and  the 
aqueous  solution  of  this  salt  decomposed  by  strong  hydrochloric  acid  deposits  carbo- 
pvrrolic  acid  in  small  white  prisms.  It  sublimes  at  about  190°  and  decomposes  at  a 
sli^tly  higher  temperature  into  carbonic  anhydride  and  pyrrol :  C*H"NO'  «  CO*  -h 
C*H*N.  It  is  quickly  decomposed  by  acids,  yielding,  instead  of  pyrrol,  tlie  products  of 
decomposition  of  that  substance,  namely  ammonia  and  pyrrol-red. 

*  This  name  ia  also  applied  to  an  acid  bavliif  th«  compoaltion  C*H*04,  produced  bj  the  action  of 
nascent  hydrogen  on  the  acid  C>H«C1*04,  which  latter  resulu  from  the  action  of  penuu:litorida  of 
phoaphorus  on  mucic  acid.    (B ude,  Ann.  Cb.  Fbarm.  cxZxU.  96.)    See  AprsNoix. 
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Carhapvrrolate  of  baritm,  C'«H«Ba"N«0»,  forms  large  white  laminie,  soluble  in  water 
and  in  alcohol.— The  Uad-salt,  C»»H"Pb"N  0*,  obtained  by  decomposing  the  banum- 
salt  with  excess  of  lead-hydrate,  is  very  soluble  in  water,  and  remains  in  nacreous 
crystalline  scales  when  the  solution  is  evaporated. 

3.  Dip^romucamide   or  Carbopi/rrolamide,  C*H«N«0     -     (C*HK)r|N» 

«     (C*H-0)*>N*. This  compound  was  first  obtained  by  Malaguti  (Ann.  Ch. 

Pharm  c.  327),  by  the  distillation  of  mucate  of  ammonium  (or  mucamide),  and  has  since 
been  more  fully  examined  by  Schwanert  (ibid.  cxvi.  270).  Its  formation  from 
mucate  of  ammonium  is  represented  by  the  equation : 

C«H»(NHOK)»     -     C*H*N«0  +   C0«  +  6H«0. 

Part  of  the  product  is,  however,  resolved  into  ammonia  and  pyrrol  (p.  783).  To 
prepare  it,  mucate  of  ammonium  is  subjected  to  dry  distillation;  the  oily  layer  of 
pyiTol  which  floats  on  the  watery  distillate  is  removed;  the  solution,  containing 
dipyromucamide  and  carbonate  of  ammonium,  is  evaporated  over  the  water-bath ;  and 
the  dipyromucamide  is  extracted  from  the  crystalline  residue  by  alcohol,  and  purified 
by  recrystallisation  from  the  same  liquid,  with  addition  of  animal  charcoal. 

Dipyromucamide  forms  white,  shining  lamime,  easily  soluble  in  alcohol  and  ether, 
less  soluble  in  water.  At  173°  it  melts  to  a  liquid  which  solidifies  to  a  crystalline 
mass  at  133**.  When  boiled  in  aqueous  solution  with  excess  of  baryta,  it  is  resolved 
into  ammonia  and  carbopyrrolic  acid : 

C»H«N«0  +  H«0     -    NH*  +  C*H*NO«, 

jmMXUOXO  A&COBO&*  A  compound  related  to  pyromncic  acid  in  the  same 
manner  as  benzylic  alcohol,  C^H"0,  to  benzoic  acid,  C'H«0«,  and  produced  (together 
with  pyromucic  acid)  by  the  action  of  alcoholic  potash  on  furfurol,  just  as  benzylic 
alcohol  is  produced  from  bitter  almond  oiL  It  is,  however,  more  easily  produced  by 
the  action  of  sodium -amalgam  on  furfurol.  It  is  a  brown-red  oily  liquid,  nearly  in- 
soluble in  water,  very  easily  soluble  in  alcohol  and  ether,  decomposed  by  distillation, 
converted  by  alkalis  into  pyromucic  acid.  (Schmelz  and  Beilstein,  Ann.  Ch. 
Pharm.  Suppl.  iii.  276.) 

PY&OMVCIO  CB&OKIBB.    C^H*0*CI. — ^Produced  by  distilling  pyromncic  acid 

with  pentachloride  of  phosphorus.    It  is  a  liquid  which  boils  at  170°,  is  converted  by 

water  into  pyromucic  acid,  and  by  ammonia  into  pyromucamide.    (Li ds-Bodart.) 

I  PTBOMCrcXC  BTBBSS.    Ethylic  Pyromucatr,  C*E\C*R*)0\  IB  obtained 

'  by  distilling  pyromucic  acid  with  alcohol  and  hydrochloric  acid  (Malaguti).     It 

^  forms  a  himino-cr>stalline  ma^s,  melting  at  34^,  boiling  between  208*»  and  210^  easily 

soluble  in  alcohol  and  ether,  insoluble  in  water.    With  ammonia  it  forms  pyromu- 

2.  When  this  ether  is  subjected  to  the  action  of  dry  chlorine  gas,  it  takes  up  4  at. 
chlorine,  without  evolution  of  hydrochloric  add,  and  forms  chloropyromucic 

^  ether,  C*H»C1\C*H»)0',  a  fragrant  syrupy  liquid,  easily  soluble  in  alcohol  and  ether, 

insoluble  in  water,  and  decomposing  when  heated,  with  abundant  evolution  of  hydro- 

>  chloric  acid.    With  the  fixed  alkalis  or  ammonia  it  yields  alcohol  and  a  metallic 

'  cliloride.    (Malaguti.)     The  acid  corresponding  to  this  chlorinated  ether  has  not 

'  yet  been  obtained. 

PYBOra.  Bohemian  garnet  containing  chromium  (ii.  772).  Moberg  supposes 
the  chromium  to  be  in  the  state  of  chromous  oxide,  and  gives,  as  the  result  of  analysis, 
41-35  per  cent.  SiO«,  22-36  A1*0»,  9-94  FeO,  4  17  CrO,  16-00  MgO,  and  629  CaO. 

PYBOPBCTXO  AOZB.  A  black  substance  produced  by  the  action  of  heat  on 
pectic,  parapectic,  or  metapectic  acid  (p.  869). 

PYBOVBOBITfl  (from  irOp  and  ^4p€iw). — This  term,  in  its  widest  sense,  denotes 
any  substance  capable  of  taking  fire  spontaneously,  or  on  very  slight  elevation  of  tem- 
perature, as  is  the  case  with  phosphorus,  phosphoretted  hydrogen,  cacodyl,  &c. ;  but  it 
IS  mow  commonly  restricted  to  finely  divided  solid  bodies  which  exhibit  this  property, 
such  as  metallic  iron  reduced  from  the  oxide  by  ignition  in  hydrogen.  The  spon- 
taneous inflnmmabilitv  of  such  bodies  is  due,  partly  to  their  powerful  attraction  for 
oxygen,  partly  to  their  pulverulent  state,  which  enables  them  to  condense  the  air 
rapidly  within  their  pores,  thereby  causing  a  considerable  rise  of  temperature,  while 
at  the  same  time  they  present  a  lirge  surSice  to  the  action  of  the  oxyjgen.  When  a 
solid  mass  of  iron  is  exposed  to  the  air,  the  heat  developed  by  the  oxidation  of  tho 
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saperftcial  paitideB  is  at  onoe  conducted  away  throughout  the  entire  mass^  so  thai  the 
temperature  cannot  rise  sufficiently  for  the  oxidation  to  go  on ;  but  when  the  metal  it 
reduced  to  a  heap  of  very  fine  particles,  large  numbers  of  these  oome  into  contact  vith 
the  air  at  the  same  instant,  ana  the  heat  dereloped  by  their  oxidation  is  not  conducted 
away  to  others  which  take  no  part  in  the  action  (see  Combustion,  i.  1095). 

The  pyrophoric  character  is  exhibited  by  all  the  more  easily  oxidable  metals,  which 
are  reduced  by  hydrogen  at  temperatures  below  that  at  whi(i  their  particles  fuse  or 
weld  together,  e.g.  iron,  nickel,  cobalt,  and  manganese ;  also  by  the  mixtures  of  finely 
divided  metal  and  carbon  obtained  by  igniting  the  tartrates,  citrates,  oxalatea,  and 
other  organic  salts  of  lead,  iron,  and  some  other  metals.  Tartrate  or  citrate  of  les'^ 
when  ignited  in  a  glass  tube  as  long  as  gaseous  matter  is  erolved,  and  then  left  to 
cool,  takes  fire  instantly  on  being  thrown  out  into  the  air.  The  sulphides  of  potassium, 
sodium,  and  lithium,  obtained  by  igniting  the  corresponding  sulphates  with  lamp- 
black,  and  the  alum-pyrophorus  or  Homber^s  pyrophorus,  produced  by  heating  alum 
with  lamp-black,  starch,  or  flour,  likewise  exhibit  spontaneous  inflammability.  (Handv. 
d.  Chem.  vi.  718.) 

»TmOPSOfl»SAXXC  AOXBfl.  Gladstone  in  1849  (Chem.  See.  Qu.  J.ijL 
135),  by  subjecting  chloronitride  of  phosphorus  (p.  617)  to  the  action  of  alkalis, 
obtained  two  tribasic  acids,  to  which  he  assigned  the  formulae  P*NH"0*  and  P'N'HK)*, 
the  first,  called  azophosphorio  acid,  consisting  of  phosphoric  add  +PN,  and  the 
second  called  deutaeophoMpltoric  acid,  or  phosphoric  acid  +  2PN.  Laurent,  however 
(Compt.  Chim.  1850,  p.  387),  suggested  that  these  acids  were  amic  acids  derived  from 
pyrophosphoric  acid,  the  first  being  pyrophosphamie  acid,  P^H*0*,  and  the  second 
pyrophoaphodiamic  add,  P*N*H.*0* ;  and  these  formulie  have  been  confirmed  by  the 
more  recent  analyses  of  Gladstone  and  Holmes  (Chem.  8oc.  J.  xvii.  225).  Lastly, 
Gladstone  {iMd.  xix.  1)  has  completed  the  series  by  the  discovery  of  pyrophotpho- 
triamic  acid,  P'N'H'O^  The  relations  of  these  acids  to  pyrophosphoric  acid  may  be 
exhibited  as  follows : 

Pyrophosphoric  acid P*H*0»     -     ^^^^^^W 


Pyrophosphamic  acid        .        .        P«NH»0«     -    P«(NH«)H»0« 


H*    3 


Pyrophosphodiamic  acid   .        .       P*N«H«0*     «     P»(NH«)»H*0»  «     (P«0»)"V  t 

H«     J 

Plyrophosphotriamic  acid  .        .       P«N»H'0*     -    P*(NH*)»HO«    =     (PH3«y'>n 

H      3 

or  rather  P*(NH)«H«0<    «     (P20«)«^>jr 

H*     j" 

Pyrophosphandc  acid  is  tribasic,  and  pj)nx>phosphodiamie  add  is  dibasic,  as  indicated 
by  their  formulsB ;  but  pyrophosphotriamic  acid,  which  from  analogy  might  be  expected 
to  be  monobasic,  is  in  reality  tetrabasic,  being  capable  of  yielding  di-,  tri>,  and  tetra- 
metallic  as  well  as  monometallic  salts :  hence  it  is  best  represented  by  the  formuhe 
in  the  last  line  of  the  preceding  table. 

1.  PyropbOBptaamio  aeidv— P^NH^O*. — ^This  acid  is  produced  from  pyrophospho- 
diamic  acid  by  simply  heating  its  aqueous  solution : 

P«N«H«0»  +  H«0     -    P»NH»0«  +  NH»; 

but  the  decomposition  is  apt  to  go  too  far,  yielding  ultimately  nothing  but  phosphate 
of  ammonium.  The  metallic  pyrophosphamates,  however,  are  more  stable,  and  those 
which  are  insoluble  in  dilute  acids,  the  ferric  or  cupric  salt  for  example,  are  easily 
prepared  by  heating  an  alkaline  pyrophosphodiamate  with  an  acid  solution  of  the 
metal: 

I«N«H<M«0»  +  MCI  +  IPO     «     P«NH«M»0«  +  NH^CL 

P^rophotpho*  Pyrophotphamate. 

dlaiBAte. 

By  decomposing  the  silver-salt  with  hydrochloric  acid  and  evaporating  the  filtrate, 
pyrophosphamic  acid  is  obt'iined  as  a  semisolid,  non-crystalline  mass,  having  an  acid 
reaction,  deliquescing  in  moist  air,  soluble  in  alcohol,  and  capable  of  bearing  a  strong 
heat  without  decomposition. 

Pyrophosphamate  of  Ammonium  is  obtained  as  a  gummy  mass  by  decomposing  the 
lead-salt  with  somewhat  less  than  an  equivalent  quantity  of  ammonia,  and  evaporating 
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the  filtrate  in  Tacno  over  oil  of  Titriol.  The  potamumsaltj  obtained  in  like  manner 
by  decomposing  the  feiric  salt  with  potash,  in  also  a  gummy  mass. 

Barium-salt,  P^N'H^BaH)**.— To  prepare  this  salt,  an  alcoholic  solution  of  chloro- 
nitride  of  phosphoras  is  decomposea  by  potash  or  ammonia ;  the  liquid  is  evaporated 
to  dryness ;  the  residue  dissolved  in  water ;  and  the  resulting  solution  of  pyrophospho- 
diamate  of  potassium  or  ammonium  is  boiled  with  excess  of  barium-chloride.  The 
pyrophosphamate  of  barium  is  then  precipitated  as  a  white  granular  powder,  easily 
soluble  in  nitric  or  hydrochloric  acid,  insoluble  in  acetic  acid. 

The  cuwricsaLt,  P*N«H<Cu"0".2HH)  (at  100°),  prepared  in  like  manner  by  boiling 
the  slightly  acidulated  solution  of  an  alkaline  pyrophosphodiamate  withcupric  sulphate, 
is  a  blue  flocculent  precipitate. — ThA  ferric  «m^,  P*NH*Fe''0*  prepared  in  like  manner, 
is  a  white  flocculent  precipitate,  which  afifords  a  veiy  characteristic  reaction  for  pyro- 
phosphamic  add. — ^The  »Uver-Mlt,  P'NH'AgK)',  is  a  white  precipitate.— The  einc- 

salt,  PWH*25i«0",  is  a  white  granular  powder. 

2.  Pyropliospliodlaiiile  aeid,  P*N*H*0*.— This  .acid  is  produced:  1.  By  the 
action  of  water,  or  better  of  alkalis,  on  chloronitride  of  phosphorus  in  alcoholic  so« 
lution.    (Gladstone.) 

2P«NH:J1«  +   16H*0     -     8P«N*H«0»  +   12Ha. 

2.  By  the  action  of  ammonia-gas  on  phosphoric  anhydride  :* 

P«0»  +   2NH«     «     P«N»HK)*. 

3.  By  passing  diy  ammonia-gas  over  phosphoric  ozychloride,  till  it  is  converted  into  a 
white  solid  substance,  taking  care  that  the  temperature  does  not  rise  too  high,  and 
treating  this  product  with  water,  which  dissolves  it  completely,  the  solution  containing 
hydrochloric  and  pyrophosphodiamic  adds,  partly  as  ammonium-salts : 

2(PC1»0  +  NH»)  +   8H«0     -    P«N«HH)»  +   6HCL 

The  solution,  when  exactly  neutralised  with  ammonia,  jrields  precipitates  of  pyrophos- 
phodiamates  with  several  metallic  salts. 

The  last  two  methods  may  be  modified  by  using  the  very  strongest  solution  of 
ammonia  instead  of  the  gas.    There  are  also  other  methods  of  producing  this  acid. 

4.  Bpr  throwing  pieces  of  pentachloride  of  phosphorus  into  the  strongest  aqueous  am- 
monia, when  some  pyrophosphotriamate  of  ammonium  is  at  the  same  time  formed ;  but 
the  main  result  accords  with  the  following  equation : — 

2PC1»  +   12NH«  +  6H«0     =     P«N«H«0«  +   lONHKH. 

6.  By  exposing  phosphoric  oxychloride  to  ammonia-gas  at  100°,  when  4  at.  of  the 
latter  are  absorbed  (instead  of  2  at.,  as  described  under  the  third  method),  and  sub- 
mitting the  product  to  the  action  of  water — 

Pa«0  +   4NH»     »    PN^H^CIO   +  2NH*C1. 

2PN»H<C10  +   3H»0     -     P«N»HH)»  +   2NH<CL 

6.  By  performing  a  similar  experiment  at  a  much  higher  temperature,  the  same  amount 
of  ammonia  yields  different  products,  one  of  which  is  insoluble  in  water,  but  when 
heated  with  sulphuric  acid,  dissolves,  with  the  formation  of  pyrophosphodiamic  acid. — 

7.  The  same  compound  is  formed  when  pyrophosphotriamic  add  is  heated  in  a  similar 
manner  with  sulphuric  acid— 

P«N»H'0*  +  H«SO*  +  H«0     «     P»N«H«0»  +  (NH*)HSO«. 

Or,  8.  When  the  same  add  is  heated  alone  until  it  begins  to  sufifer  decomposition.-^- 
9.  Gephardt's  phosphamide,  heated  with  sulphuric  acid,  also  yields  pyrophosphodiamic 
acid,  thus — 

2PN«H«0  +  H«80«  +   3H«0     -     P«N*H«0»  +  (NH«)«SO«. 

The  general  formula  of  the  p^rophosphodiamates  is  P^*H*MK)*,  the  acid 
being  dibasic.  It  is  somewhat  difficult  to  obtain  these  salts  pure,  on  account  of  the 
facility  with  which  they  are  converted  into  pyrophosphamates. 

The  barium-saff,  P*N«H*Ba"0»,  is  a  gehitinous  pr«H!ipitate  which  dries  up  to  a  white 
earthy  powder.— -The  ailver-talt  has  the  composition  P«N*H<Ag«0*.— The  zinc-salt, 
P^'Hv^'O',  is  a  gelatinous  predpitate  easily  soluble  in  adds,  and  to  some  extent  in 
ammoniacal  salts ;  when  dry  it  forms  a  white  powder. 

*  fl  c  h  I  ff  ( Ann.  Cb.  Pharm.  dil.  16R),  tuppoMt  that  the  product  ot  this  reaction  hpkatpkamie  aeia^ 
PH*NC^ ;  but  Gladstone  has  shown  that  it  Is  chiefly  pjrophoiphodiamic  acid,  mixed  however  with 
roeUphospboric,  and  probably  with  other  acids.   (  Cbem.  Soe.  J.  xtII.  mSl) 
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PjropbMpliotrftuiiio  aotd,P*N'H'0«  -  PXKH')*HO«  «  (P'0')<^1^  or  mther 

P(NH)»H*0*  -  (P»07»  >^  .— Thifl  add  is  likewise  fonned  bj  the  saeeessiTO  action 

of  ammonia  and  water  on  phosphoric  oxjchloride :  ^ 

2(PC1»0  +  4NH»)  +   2H«0     -     P-N'H^O*  +   6HC1  +   6NH». 

When  dry  ammonia  gas  is  slowly  passed  into  a  flask  containing  phosphoric  oxj- 
chloride cooled  by  immersion  in  water,  1  at.  of  the  oxychloride  takes  up  2  at^  ammonia 
and  is  gradually  converted,  as  above-mentioned,  into  a  white  solid  mass.  If  the  flask 
be  then  immersed  in  water  at  100^,  and  the  solid  mass  broken  up  from  time  to  time, 
2  at.  more  of  ammonia  are  taken  up,  and  on  adding  water  to  the  white  sabetance  thm 
produced,  pyrophosphotriamic  acid  is  fonned,  together  with  pyrophosphodiamic  and 
hydrochloric  acids,  the  two  latter  dissolving,  while  the  former  remains  behind,  and 
may  be  purified  by  washing,  first  with  cold  water,  then  with  a  little  dilute  alcohoL 

Pyrophosphotriamic  acid  thus  obtained  is  a  white,  amorphous,  tasteless  powder,  vhi^ 
reddens  litmus  when  moistened.  It  is  nearly  insoluble  in  water,  but  is  vexy  slowlj 
attacked  by  it  at  ordinary  temperatures,  more  quickly  when  heated,  yielding  pjrro- 
phosphodiunic  acid: 

P«N«H'0«  +   H«0     «    P*N^«0*  +  NH». 

When  boiled  with  hydrochloric  acid,  it  is  speedily  resolved  into  phosphoric  add  and 
ammonia,  pyrophosphodiamic  acid  being  an  intermediate  product. 

Pyrophosphotriamates. — The  acid,   as  already  observed,  is  tetrabasic,   tJie 

general  formula  of  its  normal  salts  being  most  probably  P*(NH)*M^O*  or  (PH)*)*'  VX  . 

M*    )" 
The  acid  effervesces  with  solutions  of  alkaline  carbonates,  and  when  susspended  in 
solutions  of  metallic  salts,  usually  decomposes  them,  even  in  presence  of  the  Hbexated 
acid.    All  the  pyrophosphotriamates,  even  those  of  the  alkali-metals,  are  insoluble  or 
sparingly  soluble  in  water. 

The  ammonium'Saltf  P*N'H*(NH*)0*,  formed  by  decomposing  carbonate  of  am- 
monium with  the  acid,  cakes  together  in  small  white  lumps,  and  readily  gives  up  its 
ammonia  to  dilute  acids  even  in  the  cold. 

Ba  riu  7n-8alt8.  The  monohafytic  salty  P^N^H'^Ba^O*,  is  prepared  by  diffusing  the 
acid  through  a  solution  of  barium-chloride,  and  carefully  neutralising  the  hberated 

4M5id  with  ammonia.    The  dibarytk  salt,  P*N«H"Ba^O«  or  I»N«H»Ba"0*,  by  suspending 
the  acid  in  excess  of  an  ammouiacal  solution  of  barium-chloride. 

A  white  cadmium-salt  is  obtained  by  treating  the  acid  with  chloride  of  cadmium ;  a 
green  chromium'Salt,  with  chromic  acetate.  The  coba  ft -salty  P^N'H*Co"0*.  producetl 
by  digesting  tbe  acid  with  a  slishtly  ammouiacal  solution  of  cobalt-nitrate,  has  a 
beautiful  violet  colour :  it  is  not  decomposed  by  hydrochloric  acid,  and  but  slowly  by 
dilute  sulphuric  acid. 

Copper-salts.  The  manocupric  salt^  P'NfH**Cu"0*,  is  obtained  as  a  pide  blue 
compound  (not  quite  pure)  by  treating  the  add  with  a  slightly  acidulated  solution  of 

^ 

cupric  nitrate.     The  dicupric  salty  P*N*H"Cu*0',  obtained  by  digesting  the  acid  with 
cupric  acetate,  is  greenish. 

Iron-salt,  A  monoferrous  salty  P*N«H**Fe"0*,  produced  by  digesting  the  acid  with 
ferrous  sulphate,  has  a  yellow-drab  colour,  and  is  insoluble  in  dilute  acids.  No  ferrie 
pyrophosphotriamate  has  yet  been  obtained. 

Lead-salts, — The  monoplumhic  salty  P^NfEC^^b^O*,  is  obtained  pure  by  digesting 
the  aoid  with   a  decidedly  acid  solution  of  plumbic  nitrate ;   the  dipiumbic  salt^ 

P*N*H**Pb*0*,  by  using  a  solution  only  slightly   acidulated ;    the  triplunibic  saJt^ 

P*N*H"Pb*0*,  by  warming  the  acid  with  basic  acetate  of  lead. 

Magnesium- salts. — The  product  obtained  by  warming  the  acid  with  an  ammo- 
niaeal  solution  of  magnesia,  washing  with  water  containing  a  little  ammonia,  and  after- 
wards with  pure  water,  appears  to  be  a  mixture  of  mono-  and  di-magnesic  pyrophos- 
photriamates. 

.    The  man ff an ese- salt  iayeliowiiih. 

Mercury -sal ty'B'^B.m^O*,  obtained  by  diflfhsing  the  acid  through  a  solution 
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of  mercurio  chloride,  or  a  slightlj  acidulated  solution  of  ammonio-mercuric  chloride, 
is  a  heavy,  white,  granular  powder  which  becomes  yellowish,  and  eventually  dark- 
coloured  on  exposure  to  light  Iodide  of  potassium  first  turns  it  scarlet,  and  then  dis- 
solves out  the  mercury. 

Nickel'salt. — A  feebly  ammoniacal  solution  of  nickel-sulphate  yields  a  bright 
green  pyrophosphotriamate. 

Platinum-salty  P*N*H*Pt*»0*. — Obtained  by  treating  the  acid  with  a  strong  solu- 
tion of  platinie  chloride,  as  a  bulky  yellowish  compound  which  must  be  washed  with 
alcohol,  as  water  decomposes  it  in  presence  of  the  liberated  acid. 

Potassium-saltf  P*N"H*KO\ — ^White,  almost  insoluble  salt,  produced  by  decom- 
posing carbonate  of  potassium  with  pyrophosphotriamic  add.  It  is  easily  decomposed 
oy  acids. 

Silver-salts. — The  mono-ar^entie  salt,  P*N'H*AgO*,  is  obtained  as  a  white 
flocculent  precipitate,  soon  becoming  granular,  by  adding  nitrate  of  silver  to  water  in 
which  the  acid  is  suspended,  and  may  be  purified  by  digestion  in  dilute  nitric  acid  or 
ammonia,  which  dissolves  out  a  slight  excess  of  silver.  It  is  insoluble  in  water,  and 
is  completely  decomposed  by  hydrochloric  acid. — The  triargentic  salt,  P*N*H*Ag*0*,  is 
obtained  by  precipitating  an  ammoniacal  solution  of  silver-nitrate  with  a  solution  of 
pyrophosphotriamic  acid,  or  better,  by  treating  the  mono-argentic-salt  with  ammoniacal 
silver-nitrate.  It  is  of  a  bright  yellow  colour,  heavy,  granular,  and  when  dry  forms 
an  orange-yellow  powder.  Dilute  nitric  acid  or  ammonia  converts  it  into  the  mono- 
ai^ntic  esXX.    Acetic  acid  attacks  it  but  slowly. 

Thallium-salt — ^l^he  acid  treated  with  nitrate  of  thallium  forms  a  heavy  white 
compound,  easily  decomposed  by  rather  strong  nitric  acid. 

Zinc -salt, — The  acid  decomposes  chloride  of  zinc,  forming  a  white  pyrophos- 
photriamate. 

PTBOVKOSFBOXZO  JBLCXDm    See  Phosphost78,  OxYOSK-Acms  of  (p.  539). 

nxOFBT&IilTB*  A  hydrated  alnminic  silicate  occurring  in  foliated,  talc-like, 
aubtransparent  masses,  having  a  white,  green,  or  yellow  colour  and  pearly  lustre ; 
hardness  -»  1 ;  specific  gravity  «  2*7 — 2-8  ;  flexible  in  thin  lamiufle.  Before  the 
blowpipe  it  swells  up,  without  fusiog,  in  fan-like  shapes,  increasing  to  about  twenty  times 
its  original  bulk.  It  forms  a  clear  yellow  glass  with  soda,  and  gives  a  fine  blue  colour 
with  cobalt-solution.    Partiallv  soluble  in  sulphuric  acid. 

Analyses. — a.  From  Pschminsk  in  the  Uwd  (Hermann,  Pogg.  Ann.  xv.  392^. — 
6.  Spa  inBelgium  (Hammelsberg,  ibid.  lxviiL613).—  c.Weatana  in  Sweden  (Berlin, 
ibid.  Ixxviii.  414).— i/.  Chesterfield  County,  South  Carolina  (Genth,  SilL  Am.  J.  [2] 
zviii.  449)  : 

a, 
b. 
c. 
d. 

The  last  three  analyses  may  be  represented  approximately  by  the  formula 
2AlK)".9SiO«.3H''0 ;  the  first  by  (Mg''O.SiO0.3(Al«O».3SiO»).3H«O.  Some  of  the 
Chinese  agalmatolites  (i.  60)  approach  very  nearly  to  pyrophyllite.  (Bammels- 
b  erg's  JifineralchemiSf  p.  686.) 

bO WrSA&XTB.    Syn.  with  Phtsalitb  (p.  634). 

W.    The  name  given  by  Thomson  (Phil.  Mag.  xviiL  372)  to  a  red 
substance  extracted  from  elephants'  teeth ;  apparently  an  albuminoid. 

WYWL09imnTWL  A  yellowish-brown,  opaque,  earthy  substance,  occurring  in  the 
lignite  of  Weissenfels.  Boiling  alcohol  extracts  from  it  30  per  cent,  of  a  white,  fusible, 
combustible  matter.  When  heated  above  100^  it  melts  with  tumefaction,  and  evolu- 
tion of  white  vapours,  to  a  black  inflammable  mass ;  soluble  for  the  most  part  in  oil 
of  turpentine.  By  distillation,  according  to  Marchand,  it  yields  62  per  cent,  paraffin, 
and  3  cubic  feet  of  illuminating  gas,  from  a  pound  of  the  materiaL  (Kenngott, 
Min.  Forsch.  1850—51,  p.  148.) 

VT&OQUIWO&.    Syn.  with  Htdroovikomb  (iii.  213). 

-a  >  0.     Pyruvw  acid,     Brenjtrau- 

hsins"ure.  (Berzelius  Ann.  Ch.  Pharm.  xiii.  61.— VSlckel,  iMd.  Ixxxix.  65. 
Wislicenus,  ibid,  cxxvl  225.) — ^An  acid  homologous  witn  glvoxaUc  acid  (C*H'0') 
produced  by  the  dry  distillation  of  racemic  or  tartaric  acid :  probably  thus : 

C*H«0«     t-    C"H*0»  +  C0»  +  H*0. 
Vol.  it.  3  D 


SiO«. 

A1«0». 

Fe«0». 

MnO. 

MgO. 

CuO. 

H«0. 

69-79 

29-46 

1-80 

■         • 

4-00 

•           • 

6-62     = 

100-67 

6614 

25-87 

•         • 

«            m 

1-49 

0-39 

559     - 

99-48 

66-69 

25-63 

0-76 

0-29 

0-17 

0-67 

6-45     -. 

100-66 

65-41 

28-50 

0-91 

•     . 

0-25 

0-39 

5*23     - 

100*69 

770  PYROSCLERTTE. 

To  prepare  it,  tartaric  acid  is  distilled  at  a  temperature  gradually  rising  to  300®,  ud 
the  distillate  is  redistilled  several  times,  the  portion  which  goes  over  between  165®  and 
170*^  being  ultimately  collected  apart.  This  distillate  left  for  some  days  over  oil  of 
vitriol  and  solid  potash,  yields  pure  pyroracemic  acid.     (Vol eke  1.) 

Pyroracemic  acid  is  a  liquid  having  a  faint  yellowish  colour,  smelling  like  acetic 
acid,  and  boiling  at  about  165^,  but  with  partial  decomposition  at  each  distillation.  It 
IB  soluble  in  water,  alcohol,  and  ether. 

When  subjectixl  in  aqueous  solution  to  the  action  of  nascent  hydrogen — evolved  by 
sodium-amalgam  (Wi slice nus).  or  by  zinc  and  sulphuric  acid  (Debus) — orof  iy- 
driodic  acid,  or  Vidide  of  phosphorus,  it  takes  up  2  at.  hydrogen,  and  is  converted  into 
lactic  acid  C*H*0',  or  if  the  reducing  agent  is  employed  in  larger  excess,  into  pro- 
pionic acid  (p.  730).  It  unites  directly  with  2  at.  bromine,  forming  the  componnd 
C"H*Br*0\  prol>ably  bromolactic  acid.  These  reactions  show  that  pyroracemic 
acid  is  related  to  lactic  acid  in  the  same  manner  as  acrylic  to  propionic  acid,  alw  thai 
its  relation  to  acrylic  acid  is  the  same  as  that  of  lactic  to  propionic  acid.  (Wis- 
licenus.) 

Pyroracemates.  Theacidis  monobasic,  the  formula  of  its  salts  being  CffMO*. 
They  crystallise  well,  provided  that  heat  is  avoided  in  their  preparation.  The  potat- 
shim-  and  sodium-salts  are  deliquescent.  The  sodium-mlt  forms  large  anhydrous  prisms, 
C"H»NaO«.  ThQUad'Salt,  C«H''Pb"0«,  is  a  crystalline  precipitate.  The  sUver-talt  is 
also  crystalline,  and  may  be  recrystallised  from  boiling  water. 

fi.'Pt/roracc7nio  acid. — "When  an  aqueous  solution  of  pyroracemic  acid  is  cti- 
porated  by  heat,  there  remains  a  non-volatile  syrupy  mass  which  appears  to  be  a 
polymeric  modifioation  of  the  acid.  It  is  likewise  produced  when  the  acid  is  separated 
from  its  salts.  This  syrupy  acid  does  not  form  crystullisable  salts,  its  salts  being  all 
amorphous  and  gummy.  The  same  gammy  salts  are  obtained  when  the  solutions  of 
the  crystalline  pyroracemates  are  evaporated  by  heat. 

When  pyroracemic  is  treated  with  excess  of  baryta,  a  yellowish  precipitate  is  fonn<^ 
having  the    composition   of   a  basic  barium-salt  oftripyroracemic    acid, 

C"H'«Ba«0'».Ba''n«0*.  On  boiling  this  precipitate  for  some  houre  with  exceai  of 
barytic  hydrate,  oxalate  of  barium  separates  out,  and  the  supernatant  liquid,  irben 
freed  from  baiyta  by  sulphuric  acid  and  evaporated,  leaves  a  syrup  which  partly 
solidifies  in  the  crystalline  form  (Fi  nek,  Ann.  Ch.  Pharm.  cxxii.  182).  The  ciyfal' 
when  purified  by  recrystallisation  from  alcohol  and  ether,  constitute  Finck'suvitic 
acid,  OH^O*,  which  melts  at  287°,  sublimes  without  decomposition,  and  forms  crys- 
tallisable  salts,  tlie  sparingly  soluble  silver-salt  having  the  composition  C'H*Ag*0*.— 
The  syrupy  liquid,  Finck's  uvi tonic  acid,  ha.s,  according  to  his  analysis,  the  compo- 
sition C*II''-0'.  It  forms  amorphous  salts,  and  appears,  both  from  its  properties  and 
from  the  analysis,  to  be  merely  the  above-mentioned  syrupy  modification  of  pyrorwemic 
acid.     (KekuU,  Ixhrbuch,  ii.  213.) 

Eetinite  from  the  lignite  of  Aussig  in  Bohemia  (see  RxTDnTs). 

See  Obthite  (p.  237). 

U  including  Kanimererite, — ^These  minerals  are  alumino-silicales 
containing  chromium.  They  occur  in  six-sided  prisms,  apparently  belonging  to  the 
hexagonal  system,  with  perfect  basal  cleavage  ;  also  massive. 

P(/ro8cferite  is  translucent,  with  a  green-greyish  or  reddish  colour,  and  weak  pearly 
lustre.  Hardness  =.  25 — 3.  Specific  gravity  —  2*6 — 2*74.  Fracture  uneven  and 
splintery.  Gives  off  all  its  water  at  a  strong  heat;  melts  with  difficulty  before  the 
blowpipe  to  a  grey  glass,  and  gives  with  fluxes  a  faint  chrome  reaction.  Decomposed 
by  hydrochloric  acid. 

Kamviererite  is  also  translucent  and  has  a  pearly  lustre ;  but  its  colour  is  reddish- 
violet  like  that  of  lepidolite.  Hardness  «  1-5 — 2.  Specific  gravity  «  2*617 — 2-6*2. 
Sectile  and  flexible.  Feels  greasy.  Gives  oflFempyreumatic  water  when  heated.  Ex" 
foliates  slightly  before  the  blowpipe,  but  does  not  fuse  ;  gives  with  fluxes  the  reactions 
of  chromium.     Deccmposed  by  hydrochloric  scid. 

Jihod<j€hromr  is  a  variety  of  kaemmererit/e,  having  a  greenish-block  colour  in  the 
mass,  but  peach-blossom  red  in  thin  splinters.  Hardness  =■  2-5 — 3.  Specific  gravity 
=  2-65 — 2-67.  When  strongly  heated  before  the  blowpipe,  it  melts  on  the  edges  to 
a  yellow  enamel. 

Analyaes.—a.  Pryrosclerito  from  Elba  (v.  Kobell,  J.  pr.  Chem.  ii  61). — 5.  Kjem- 
mererite  from  Bissersk  in  Siberia  (Hartwall,  Berz.  Jahresb.  xxiii.  266). — c.  K.  from 
Lake  Atknll  in  the  UraN  a.  crystallised ;  j8.  massive:  rA.7</of^rom«  (Hermann,  J. 
pr.  Chem.  liii.  22). — d.  K.  from  Texas,  Lancaster  County,  Pennsylvania  :  a.  by  Gent h 
(Sill.  Am.  J.  [2]  XV.  438)  ;  /5.  by  Smith  and  Brush  {ibid,  xvi.  41). 
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KttninererUp. 


i 


Pj-TOKlerite. 


Silicfi. 
Alumina     . 
Chromic  oxide 
Magnesia   . 
Lime . 

Ferrous  oxide 
Water 


a.  b.                         e. 

37-03  87-0  30-68  34*64 

13-60  14-2  15-94  10-60 

1-43  10  4-99  6-50 

81-62  31-6  33-46  3647 

.     .  1-6  .     .  .     . 

3-62  1-5  3-32  1-80 

1100  180  1206  1203 


a> 

/5. 

32-98 

33-28 

11-11 

10-60 

6'86 

4-72 

36-22 

36-00 

0-38 

0-36 

1-29 

1-60 

1312 

12-96 

98-10         99-7       100-33         99*94       10096        99-60 
^  All  these  minerals  may  be  represented  as  compounds  of  a  metasilicate,  M"SiO'  or 

M'O.SiO'  with  an  aluminate,  M'AJ'O*  or  3M''0XlH)*,  and  water,  the  aluminium  being 
partly  replaced  by  chromium,  and  to  a  greater  extent  in  ksmmererite  than  in  pyros- 
cleritc.     Calling  the  silicate  A  and  the  aluminate  B, 

a.  may  be  represented  bb  9  A  -t-  B  +     9  aq. 

b.  „  9  A  +   B   -¥   12  aq. 
I                                                     Ct  d,                „                6  ^  +   ^   -I-     9  aq. 

Vermfculite  from  Mil  bury,  Massachusetts,  may  be  regarded  as  belonging  to  the  same 
family,  though  it  contains  no  chromium.  It  has  a  granular,  scaly  structure,  and  greasy 
feel,  and  is  especially  characterised  by  its  b<*haviour  before  the  blowpipe,  opening  out 
into  wormlike  threads,  expanding  to  many  tinfes  its  original  bulk,  and  ultimately 

«  melting  to  a  yellowish-green  gla.ss.    It  is  decomposed  by  hydrochloric  acid.    Contains, 

according  to  Crossley  {DantCa  Mineralogy^  ii.  292),  36-74  per  cent.  SiO*,  16-42 

i  Al'O*,  27*44  MgO,  10-92  FeO  and  10-30  water,  and  may  be  represented  by  the  formula 

8M"SiO».*[«Al«0«.  8  aq. 

Chonicrite  (i.  931),  Loganite  (iii,  732),  and  Tahergite  are  sometimes  also  classed  with 
pyrosclerite. 

PTXOBBCAliZTB.  A  silicate  of  iron  and  manganese  containing  chlorine,  occurring 
t  in  hexagonal  prisms  or  tables  having  the  principal  axis  «  0-6307,  and  exhibiting  the 

{  faces  oP,  P,  2P,  oeP     Cleavage  perfect  parallel  to  the  base,  imperfect  parallel  to  odP. 

<  It  also  occurs  massiye.    Hardness  ■■  4 — 4-6.    Specific  gravity  =  3'0 — 3-2.    It  has  a 

brown  colour  and  pearly  lustre;  streak  paler  than  the  colour.     Fracture  uneven, 
I  eat  her  splintery ;  somewhat  brittle.     When  strongly  heated  before  the  blowpipe  it 

i  melts  to  a  black  slag,  attractable  by  the  magnet.    Fuses  readily  with  borax,  exhibiting 

the  reactions  of  iron  and  manganese.    Dissolves  perfectly  in  strong  nitric  acid. 
I  A  specimen  from  the  Bjelkey  mine  near  Nordmaricen  in  Wermland,  Sweden,  was 

%  found  by  Hisinger  (Schw.  J.  xiii.  341 ;  xxiii.  64)  to  contain  36*86  per  cent.  SiO', 

35-48  APO«,  24-26  Mn»0«,  121  CaO,  377  chlorine,  and  a  quantity  of  water  not  deter- 
^  mined.      Its    composition    may    be    represented    approximately    by   the    formula 

Fe«a».3(4M''0.38iO«  +  2  aq.). 
Fyrosmalite  oociirs  also  at  Nya  Kopparberg  in  Westmannland. 

PTSOaOBBZC  ACZB,    Syn.  with  Maleic  Acid. 

yTSOBTBASZir.    The  name  applied  by  Beizelius  to  the  less  fusible  portion  of 
'  the  distillate  obtained  by  distilling  empyreumatic  oils  with  water,  the  more  fusible  por- 

tion being  called  pyrdatn  (Handw.  d.  Chem.  2to.  Aufl.  ii.  [2]  418). 

Syn.  with  Eboxesitb  or  Red  Aimuovr  (iii.  446). 

fliCIS.  C»H»0*  «  (^*^P')'|0«.— Thisaddwasdiscovered 

in  1807  by  Valentin  Rose,  among  the  products  of  the  distillation  of  tartar.    It  has 
been  investigated  chiefly  by  Gruver  (Trommsd.  N.  J.  xxiv.  2,  66),  Pelouze  (Ann. 
Ch.  Phys.  [2]  Ivi.  297),  Weniselos  (Ann.  Ch.  Pharm.  xv.  148),  Arppe  {ibid.  Ixvi. 
73),  and  EekuU  (iind.  Suppl.  i.  342). 
It  is  produced — 1.  By  the  dry  distillation  of  tartaric  acid : 

2C«n*0«     -     C*H»0«  +  3C0»  +  2HK); 

2.  By  the  action  of  sodium-amalgam  on  itaconic  acid  or  its  isomers,  citraconic  or 
mesaconic  acid : 

C*H«0«  +  Hg''Na«     «     Hg   +   C*n«Na«0«. 

Itaconic  Pyrotiirtrat« 

ac<d.  of  sodtiiin. 

This  reaction  is  analogous  to  that  by  which  the  homologous  body  fumuric  acid,  C*H^O* 
is  converted  into  succinic  acid  (ii.  743). 

3d2 
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It  may  also  be  formed  from  itaconic  acid  by  conyerting  the  latter  into  dibromopy- 
rotartaric  acid,  and  reducing  the  latter  with  sodium-amalgam.    (Kekul^.) 

3.  By  heating  cyanide  of  tritylene  with  alcoholic  potash,  the  action  being  analogoas 
to  that  by  which  the  fatty  acidn  are  formed  from  the  cyanides  of  the  monatomic  mdi* 
dea  C»H*^»  (Maxwell  Simpson): 

C"H«(CN)«  +   4H«0     =     2NH"  +   C»H"0*. 

Preparation, — 1.  From  Tartaric  acid.  Tartaric  mixed  with  an  cqnal  weight  of 
pounded  pumice  is  distilled  in  a  capacious  retort ;  the  distillate  is  dilated  with 
water ;  the  empyreumatic  oil  is  remored  by  filtration ;  the  filtrate  is  CTaporated  to  the 
crystallising  point ;  and  the  crystals  are  freed  from  adhering  oil  by  spreading  them 
out  on  paper  under  a  bell-jar  near  a  dish  containing  alcohol.  This  process  yields  a 
quantity  of  pyrotartaric  acid  equal  to  7  per  cent,  of  the  tartaric  acid  used. 

2.  From  Itaconic  acid.  Sodium-amalgam  is  added  to  aqueous  itaconic  acid,  and 
the  liquid,  decanted  from  the  separated  mercury,  is  saturated  with  hydrochloric  acid 
and  evaporated ;  the  residue  is  treated  with  alcohol,  which  dissolves  out  the  pyrotar- 
taric acid  and  leaves  the  greater  part  of  the  chloride  of  sodium ;  the  alcoholic  solution 
is  eraporated  to  dryness ;  and  the  pyrotartaric  acid  is  extracted  from  the  residue  by 
ether.    (KekuU.) 

Properties. — Pyrotartaric  acid  crystallises  in  colourless,  sometimes  well  developed 
prisms  with  rhombic  base  and  truncated  on  the  lateral  edges.  It  is  very  soluble  in 
water,  alcohol  and  ether :  1  pt.  of  it  dissolves  in  1^  pt.  water  at  20°.  It  melts  at  112°, 
begins  to  boil  at  about  200°  and  then  volatilises,  being  partly  converted  into  pyrotar- 
taric anhydride  C*H*0".     It  is  not  attacked  by  nitric  acid  or  by  cold  sulphuric  acid. 

A  concentrated  aqueous  solution  of  pyrotartaric  acid  does  not  produce  any  turbidity 
in  baryta-  strontia-  or  lime-water,  or  in  solution  of  nitrate  or  neutral  acetate  of  lead; 
but  with  basic  acetate  of  lead  it  forms  a  copious  white  curdy  precipitate  insoluble  in 
water,  but  very  soluble  in  the  basic  lead-ac<^tate  and  in  excess  of  add. 

Fyrot  art  rates.     Pyrotartaric  acid  is  dibasic,  forming  neutral  and  add  salts^  the 

general  formulae  of  which  are : 

Nrutrnl.  Acid. 

For  monatomic  metals      .        C*H«M«0*    C»H'MO< 

For  diatomic  metals  .        C»H«M''0«    C"H'*M-0«  or  C*H«M''0*.C»HK)«. 

There  are  also  a  few  basic  pyrotartrates  of  di-  and  triatomic  metals.  The  acid  salts 
of  the  alkali-metals  and  alkaline-earth>metals,  obtained  by  neutralising  a  certain 
quantity  of  pyrotartaric  acid  with  the  base  and  then  adding  a  quantity  of  the  add 
equal  to  the  former,  crystallise  well ;  the  soluble  neutral  salts  are  somewhat  difficult 
to  crystallise. 

Pyrotartrates  of  Aluminium,  Moist  hydrate  of  aluminium  dissolves  easily 
in  pyrotartaric  acid,  and  the  solution  when  concentrated  yields  crystals.  A  basic  salt, 
2C*H»0«.A1*0»  or  2(C'»H«'A1'*'0>«.A1*0»).3H«0,  is  obtained  as  a  heavy  powder  by  pre- 
dpitating  a  neutral  solution  of  aluminic  chloride  with  neutral  pyrotartrate  of  sodinm, 
or  by  boiling  moist  alumina  with  a  quantity  of  the  add  not  sumdent  to  dissolve  it 

Ammonium- salt 8. — The  neutral  salt  is  deliquescent,  and  gives  off  ammonia  on 
evaporation.  The  acid  salty  C*H'(NH*)0*,  forms  beautiful  rhomboidal  prisms,  perma- 
nent in  the  air,  very  soluble  in  water. 

Barium- salts.— The  neutral  salt,  C*H*Ba''0*.2H«0,  is  a  crystalline  powder 
formed  of  small  rhomboidal  prisms,  very  soluble  in  water,  insoluble  in  alcohoL — The 
acid  salt,  C'«il"Ba"0».2H«0,  forms  stellate  groups  of  crystals. 

Bismuth-salt. — A  solution  of  recently  precipitated  bismuth-hydrate  in  pyrotar- 
taric acid  yields  on  addition  of  water,  a  precipitate  containing  C'*H'*Bi'*'*0".6H*0. 

Cad  mi  um-  salt «.— a.  Neutral,  C»H«Cd'0«.3H«0.— The  solution  of  cadmic  carbonate 
in  the  aqueous  add  yields,  by  concentration,  crystalline  grains  very  soluble  in  water, 
insoluble  in  alcohol,  and  stUl  retaining  1  at.  water  at  200°. — /S.  The  acid  salt  i> 
obtained  by  evaporation  as  a  viscous  mass  in  which  a  few  long  needles  form  after  a 
while. 

Calcium-salts.— a.  Neutral,  C»H«Ca''0«.2HK).— White  pulverulent  precipitate, 
slightly  soluble  in  water,  very  soluble  in  acetic,  hydrochloric,  and  nitric  adds, 
insoluble  iu  alcohol. — /3.  The  acid  salt^  obtained  by  evaporating  a  solution  of  the 
neutral  salt  in  pyrotartaric  acid,  forms  ciystals  containing  C*H'Ga"0^.6C^H*0^.2HK)» 
(Arppe.) 

Cobalt-salt, — The  solution  of  cobalt-hydrate  in  pyrotartaric  acid  deposits  on 
evaporation  colourless  ciystals  of  the  acid  mixed  with  a  red  insoluble  salt.  On  neu- 
tralisinff  the  acid  liquid  with  ammonia,  a  rose-coloured  crystalline  powder  is  formed, 
which  dissolves  in  water,  but  is  decomposed  at  the  same  time« 
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Copper-salts, — a.  Neutral^  C*H*Cn''0*.2H'0. — Pyrotartrateof  sodium  forms  with 
cupric  salts  a  blue  precipitate  soluble  in  about  260  pts.  of  water,  very  soluble  in  acids 
and  ammonia;  it  retains  1  at.  water  at  100^.-/3.  A  basic  salt,  C*H«Cu''0*Cu"H*0«, 
is  deposited  in  greenish  flocks  on  eyaporating  a  solution  of  the  neutral  salt  in  ammonia, 
after  addition  of  water. 

Gluoinum-salt  s. — Pyrotartaric  acid  saturated  with  glucina  leaves  when  evaporated 
over  oil  of  vitriol,  a  crystalline  acid  salt,  C*HH>"0*.C*H»0*,  which  when  heated  to  180<> 
is  converted  into  the  neutral  salt,  C^H.'G"0*. 

Iron  -salts. — a.  Ferrous  salt, — The  acid  dissolves  iron,  with  evolution  of  hydrogen, 
forming  a  solution  which  quickly  turns  red,  and  deposits  red  flocks  on  addition  of 
water  or  alcohol.— 3-  Ferric  salt.  Ferric  chloride  forms  with  pyrotartmte  of  sodium  a 
red  viscous  precipitate  containing  2C*HW.Fe»0».3H»0  or  C'»H»»Fe"'0=*.Fc*0».6H»0. 

Lead-salt,  C*H"Pb"0*.2H*0. — Precipitated  after  a  few  hours  from  a  solution  of 
the  potassium-salt  mixed  with  nitrate  or  neutral  acetate  of  lead,  in  needles  if  the  solu- 
tion contains  firee  acid,  as  a  powder  if  it  is  neutral.  It  dissolves  in  small  quantity  in 
boiling  water,  and  is  deposited  in  needles  on  cooling :  dissolves  also  in  nitrate  of  lead. 
The  same  salt  is  formed  by  treating  carbonate  of  lead  with  pyrotartaric  acid  and 
filtering  to  separate  a  basic  salt.  Pyrotartaric  acid  forms  a  curdy  precipitate  with 
basic  acetate  of  lead  (p.  772). 

Magnesium-salts. — A  solution  of  magnesia  in  pyrotartaric  acid  evaporated  over 
oil  of  vitriol,  leaves  the  neutral  salt  as  a  gummy  very  friable  mass,  apparently 
containing  OH'Mg'O^.SH'O.  The  same  solution  evaporated  to  a  syrup,  and  then 
mixed  with  water,  deposits  a  crystalline  mass  consisting  of  OH'Mg'0^.6H*0. — ^The 
acid  salt  is  gummy. 

The  manganese-salt,  C*H*Mn''0^3H?0,  is  obtained  by  evaporation  as  a  gummy 
mass,  very  soluble  in  water,  insoluble  in  alcohol. 

The  mercurous  and  mercuric  sa  Its  are  white  precipitates. 

Nickel-salts. — The  neutral  salt,  C*H*Ni''0*.2H'0,  is  obtained  by  evaporating  the 
green  solution  of  nickel-hydrate  in  the  acid,  redissolving  in  alcohol,  and  a^ain  evapora- 
ting, as  a  green,  crystalline,  sparinglysoluble  powder,  which  gives  off  its  water  at  200^. 
—The  acid  salt,  C»H«Ni"0*.C*H»0*.H'0,  is  obtained  as  a  crystalline  mass  by  leaving 
the  solution  of  the  hydrate  in  pyrotartaric  acid  to  evaporate  over  oil  of  vitriol. 

Potassium-salts. — The  neutral  salt,  C*H*K'0*.H*0,  is  very  soluble,  deliquescent^ 
and  may  with  some  difficulty  be  obtained  in  foliated  crystals  by  evaporating  its  solu- 
tion in  a  hot  air  chamber. — ^The  acid  salt,  C^H'K0\  is  obtained  by  spontaneous  evapo- 
ration of  a  solution  of  the  acid  half  saturated  with  potash,  in  colourless,  oblique,  rhom- 
boidal  prisms^  permanent  in  the  air. 

The  silver-salt,  C*H'Ag'0\  is  a  white,  curdy  precipitate  which  blackens  when 
exposed  to  light.  By  heatins  it  in  a  current  of  dry  hydrogen,  and  washing  the  product 
with  water  to  remove  free  acid,  a  brown  powder  is  obtained  consisting  of  argentous 
pyrotartrate. 

Sodium-salts. — ^The  neutral  salt,  C■H^a■0^6H•0, forms  efflorescent  laminae  very 
soluble  in  wat«ir,  insoluble  in  alcohoL — The  acid  salt,  C^H'KaO*,  crystallises  witn 
difficulty  in  small  rhombo'idal  prisms. 

Strontium  salt s. — The  neutral  salt,  C*H*Sr"0*.H*0,  form s  prisms  very  soluble 
in  water,  insoluble  in  aloohoL— The  add  salt,  OH«Sr''0^C*H"0\2H*0,  crystallises  in 
nacreous  scales. 

7tn-«a/^.— Stannous  oxide  dissolves  easily  in  pyrotartaric  acid,  and  the  solution, 
filtered  from  a  yellow  basic  salt>  yields  with  alcohol  a  precipitate  apparently 
containing  C*H«Sn''0*.Sn''0. 

Uranic  salt. — The  yellow  solution  of  uranic  hydrate  in  the  acid  deposits  on 
evaporation,  a  yellow  powder,  very  soluble  in  water,  insoluble  in  alcohol,  and  con- 
taining according  to  Arppe,  C»*H»'U''0".Tjr«HK)«or  2C*H«(U«0»rO*.C*H«0*.2HK). 

Zinc-salts.^Thfi  neutral  salt,  (yR*Zn'*0*.SBH),  is  obtained  by  evaporation  as  a 
thick  syrup^  gradually  depositing  crystalline  granules  which  increase  in  quantity  on 
addition  of  a  small  quantity  of  water.  It  retains  1  at  water  at  200^. — An  insoluble 
basic  salt  is  obtained  by  concentrating  a  solution  of  zinc  in  pyrotartaric  acid  to  a  small 
bulk  and  treating  the  residue  with  water. 

aMtoromopjTOtarlurlo  aold,  C*H*Br'0^ — ^This  compound  has  not  yet  been 
obtained  as  a  substitution-product  of  pyrotartaric  acid,  but  is  formed  by  direct  addition 
of  bromine  to  ifaconic  acid,  C*H'0^  To  prepare  it,  4  pts.  of  itaconic  acid  are  shidcen 
up  with  5  pts.  of  bromine  and  4  or  6  pts.  of  water.  The  reaction  commences  at 
ordinary  temperatures  and  is  attended  with  evolution  of  heat^  but  towards  the  end  it 
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must  be  assinted  by  the  heat  of  a  water-bath.  The  ciystalline  cnist  which  separates 
on  cooling,  and  the  crystals  obtained  by  evaporating  the  mother-liquor,  are  ptuified  by 
recrystalHsation  from  a  small  quantity  of  water. 

Bibromopyrotartaric  acid  forms  colourless  crystals  easily  soluble  in  water,  alcohol, 
and  ether.  When  treated  with  aodium-amal^am^  it  is  converted  into  pyrotartaric 
acid.  On  adding  oxide  of  silver  to  the  aqueous  solution,  the  2  at.  bromine  are 
replaced  by  2  at.  HO,  and  an  acid,  C^HH)',  homologous  with  tartaric  acid,  is  produced : 

C*H«Br«0*  -h  Ag*0  +  H«0     «     2AgBr  +  C*H»0«. 

ZKbromopyrotartaric  acid  is  dibasic.  Iti  salts  have  not  been  much  examined.  In 
preparing  them  it  is  necessary  to  avoid  rise  of  temperature,  as  they  are  easily  decom- 
posed thereby,  with  separation  of  metallic  bromide  and  formation  of  a  crystallisable 
monobasic  acid,  called  aconicacid,  G^H^O*;  e.g. : 

C»H<Br*Na»0*     -     2NaBr  +   C»H^O«. 

On  boiling  a  solution  of  the  sodium-salt  and  adding  carbonate  of  sodium  in  such  quan- 
tity, that  3  at  sodium  shall  be  present  for  every  1  at.  of  dibromopyrotartaric  acid,  a 
solution  is  obtained  which  on  sufBcipnt  concentration,  yields  lai^  crystalline  plates 
ofaconate  of  sodium,  obtainable  by  slow  evaporation  from  aqueous  solution, 
in  large,  well-developed,  efflorescent  crystals  containing  C*H*Na0*.3H'O.  In  like 
manner  by  boiling  a  solution  of  barytic  dibromo-pyrotanrate,  adding  carbonate  of 
barium  in  sufficient  quantity  to  neutralise  the  reaction,  and  mixing  the  filtrate  with 
alcohol,  aconate  of  barium,  C'*H*Ba'.'0*,  is  precipitated  in  white  flocks,  very 
soluble  in  water,  insoluble  in  strong  alcohol,  crystallising  in  needles  from  dilute 
alcohol. 

By  treating  citraconic  and  mesaconic  acids  which  are  isomeric  with  itaconic  acid, 
with  bromine  and  water  as  above,  acids  are  produced,  isomeric  but  not  identical  with 
the  dibromopyrotartaric  acid  just  de&cribed.  The  three  isomeric  acids  may  be  distin- 
guished as  ita-,  citra-,  and  mesa-dibromopyrotartaric  acids. 

Citra-dihromopyrotartaric  acid,  C*H*Br*0*,  is  much  more  soluble  than  ita- 
dibromopyrotartaric  acid.  It  usually  crj'stalliees  in  cauliflower-like  groups  of 
microscopic  needles.  When  heated  it  yields  monobromocitraconic  anhydride, 
C*H»Br0« : 

C*H«Br*0*     -     C*H»Br0«     +     H«0     +     HBr. 

Citra-dibromopyrotartaric  acid  is  also  dibasic,  and  its  salts  are  readily  decomposed 
by  boiling  with  water  or  excess  of  base,  but  in  a  totally  different  manner  from  the  ita- 
dibromopyrotartrates,  carbonic  anhydride  being  given  off,  and  a  salt  ofmonobromo- 
crotonic  acid  produced:  thus, 

C*H*Br=Na»0*     «     C^H'BrNaO'        +      NaBr      +     CO*. 

CitrA-dibron.opj-ro-        Motiobroni«<crotonate 
turtrate  of  sodium.  or  sodium. 

2C*H*Br«Ca"'0*     -     C'^H-Br^Ca'O*     +     CaTJr*     -»•     2C0«. 

Citro-dibromopyro  •  Monobromocrotoiuite 

Urtr«te  of  calcium .  of  calcium. 

(See  Cbotonic  Acid  in  the  Appendix.)  According  toCahours  (Ann.  Ch.  Phys.  [3] 
lx\4i.  137),  an  acid  having  the  composition  of  dibromobutyric  acid  is  formed  at  the 
same  time  as  an  intermediate  product : 

C*H«Br«0<     -     C*H*Bi«0«     +     C0». 

Mesa-dibromopyrotartaric  acid  is  much  less  soluble  than  citra-,  but  more 
soluble  than  ita-dilromopyrotartaric  acid.  It  crystallises  in  nodular  or  spherical 
masses.  Its  salts  wl.on  boiled  with  water  likewise  yield  bromocrotonic  acid.  (Kekul^, 
Ann.  Ch.  Pharni.  ^'uppl.  ii.  100.) 

VnOTASTAXZC  AMTLTOUXO^.  C^H*0*  -  C^H*0*.0.— Obtained  by 
distilling  the  acid  with  phosphoric  anhydride.  It  is  a  liquid  boiling  at  a  temperature 
above  300^,  insoluble  in  water,  but  gradually  converted  by  absorption  of  water  into 
I^-rotartaric  acid. 

yTBOTAXTASZC  ETBBBS.  The  only  one  known  is  the  etkylic  ether, 
C*II*(C'H*)*0*,  which  is  produced  by  passing  hydrochloric  acid  gas  into  an  alcoholic 
solution  of  the  acid.  It  is  an  aromatic  liquid  boiling  at  218^,  gradually  decomposed 
by  water. 

ynOTABTlKAWZX.,  or  Pfuftyl-pyrotartrimide,  C»'fl"N0*    =    ^^^^fli'^f^. 

(Arppe^  Ann.  Ch.  Pharm.  xc.  138.)-  Produced  by  heating  aniline  with  pyrotartaric 
aoid  to  a  temperature  a  little  above  100^  for  alxmt  ten  minutes.  On  dissolving  the 
solidified  mass  in  boiling  water,  treating  the  solution  with  animal  charcoal,  and  lesving 
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it  to  cool,  pyrotartTanil  is  deposited  as  a  pulTcrulent  precipitate  composed  of  microscopic 
needles.  It  has  neither  tasto  nor  smell ;  melts  at  98  \  sublimes  without  decomposition 
at  140°,  boils  with  partial  decomposition  at  about  300"^.  It  is  slightly  soluble  in  boiling 
water,  easily  soluble  in  alcohol  and  ether,  also  in  aqueous  alkalis,  by  wliich  when  heated 
it  is  converted  into  pyrotartranilic  acid.  When  fused  with'a/A:a/in«  hydrates,  it 
is  resolred  into  aniline  and  pyrotartaric  acid.  Nitric  acid  converts  itintopyrotartro* 
nitranil. 


ACU>»  or  Phenyl-pyrotartramic  add,  C"n»«NO«     = 

(C^H'C)"  ?"q.    (Arppe,  loc.cit.) — ^Produced  by  the  action  of  aniline  on  pyrotartaric 

anhydride ;  also  by  the  metamorphosis  of  pyrotartranil  under  the  influence  of  aqueous 
alkalis.  It  forms  bulky  needles,  appearing  under  the  microscope  as  rectangular 
prisms  with  perpendicular  end-faces.  It  is  more  soluble  in  wat<T  than  pyrotartranil, 
easily  soluble  in  alcohol  and  ether  ;  reddens  litmus.  It  may  be  heated  to  140°  without 
loss  of  weight,  but  at  147°  it  gives  off  water  and  is  converted  into  pyroturtronitranil. 
It  is  decomposed  bj  excess  of  boiling  potash;  is  not  coloured  by  chloride  of  lime. 

Pyrotartranilic  acid  decomposes  carbonates,  but  is  separated  from  its  own  salts  by 
acetic  acid.  The  pyrotartranilates  of  thealkah'-  and  alkaline-earth  metals  are  very 
soluble  in  water.  The  ammotiium-salt,  which  may  be  obtained  by  boiling  pyrotartranil 
with  aqueous  ammonia,  dries  up  to  a  radiate  mass  very  soluble  in  cold  but  decomposed 
by  hot  water.  Its  solution  forms  a  bluish-green  precipitate  with  cupric  stilphate, 
white  with  mercuric  chloride,  yellowish-red  with  ferric  chloride.  The  lead^alt, 
C'*H'*Pb"(C*fl*)'N^Q*,  forms  a  white  precipitate  becoming  glutinous  on  ebullition. 

»TaOTA»T»XMXBa,  C*H'NO»     -      (^*^2*)''{n,  or  DipijrotaHro-diamide, 

H*  (^''    (-^'PP®'  ^^^  ^^'  I*1"U™'  IxKXvii.  228.) — Produced  by  heating  acid 

pyrotartrate  of  ammonium : 

C*H'(NH*)0«     -     2IP0     -     C»H'NO«. 

The  solidified  distillate  is  purified  by  pressure  and  recrystaUisation  from  a  small  quan- 
tity of  water. 

Pyrotartrimide  forms  small  needles  or  hexagonal  plates,  belonging  to  the  trimetric 
system,  and  exhibiting  the  combination  oP  .  ootoo  .  ooP.  Angle  ooP  :  ooP  »  92^ 
30' ;  ooP  :  oof  ao  «  133°.  Cleavage  parallel  to  ooP  and  oP.  It  is  anhydrous, 
veiT  soluble  in  water,  alcohol,  ether,  acids  and  alkalis ;  has  a  cooling,  slightly  bitter, 
and  sour  taste;  its  aqueous  solution  reddens  litmus,  bnt  it  does  not  combine  with 
ammonia.  It  melts  at  66°,  and  solidifies  on  cooling,  in  a  radiate  mass,  unctuous  to 
the  touch,  and  having  a  foliated  fracture.  It  begins  to  volatilise  at  100°,  but  does  not 
boil  till  heated  to  about  280 -'j  at  which  temperature  it  suffers  partial  decomposition. 
When  boiled  with  strong  potash-ley,  it  gives  off  ammonia.  Its  solution  forms  with 
oxide  of  lead,  a  strongly  alkaline  compound  which  contains  67*23  per  cent  PbO  and  6"47 
water,  dries  up  to  a  gummy  mass,  and  is  partly  decomposed  by  water.  The  solution 
of  this  lead-compound  attacks  the  paper  through  which  it  is  filtered,  rendering  it 
viscous  and  gelatinous. 

PTSOTASTROirXTXAan&p  C"H'«N20«    or    Kitrophenyl-pyrotartrimide    - 

C*IIVNO*u^'  ("^^PP®'  ^^^-  *^^')' — ^Precipitated  by  water  from  a  solution  of  pyrotar- 
tranil in  very  strong  nitric  acid,  as  an  oil  which  gradually  solidifies,  and  crystallises 
from  boiling  alcohol  in  spherical  groups  of  crystals.  It  melts  at  155°  and  if  cautiously 
heated  solidifies  without  decomposition.  It  is  nearly  insoluble  in  water,  but  dissolvev 
easily  in  alcohol  and  in  ether.  Boiling  aqueous  ammonia  converts  it  into  pyrotartro- 
nitranilic  acid.  Fixrd  alkalis  determine  the  same  transformation,  part  of  the 
pyrotartranilic  acid  being  however  resolved  by  the  further  action  of  the  alkali  into 
pyrotartaric  acid  and  3-nitraniline  (see  Phbkylamines,  p.  445). 

PTROTARTSOVXTSAWSXiZO    ACZ9f  or    liltrophenyl-pyrotartramic   acid, 

C»H«N'0*    -       (C^H'O^)"  >Q      (Arppe,    loo,  «<.)— When  pyrotartronitranil  is 

H  ' 
introduced  into  a  slightly  diluted  and  boiling  solution  of  sodic  carbonate,  a  yellow 
liquid  is  obtained,  which,  on  cooling,  deposits  yellow  crystals  of  j3-nitraniline,  whilst 
pyrotartronitranilate  of  sodium  remains  in  solution ;  and  on  adding  nitric  acid  to  the 
filtered  liquid,  pyrotartranilic  acid  separates  in  yellowish  flakes,  which  may  be  purified 
by  recrystallisation. 
Pyrotartronitmnilic  acid  is  very  slightly  soluble  in  water,  but  diKSolves  easily  in 
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alcohol  and  ether,  and  is  deposited  from  a  saturated  solution  in  microscopic  rhombic 
crystals  of  120^.  It  melts  at  a  Jittle  above  150°.  It  is  a  yerj  feeble  acid,  being 
scarcely  able  to  decompose  carbonates. 

The  pyrotartronitranilates  are  unstable  salts  difficult  to  crystallise.  The  silver-salt, 
C"H"AgN*0*,  is  precipitated  in  white  flocks. 

VTXOT8CBVT.  See  Richardson  and  Watts's  Chemical  Technology ^  i.  [4],  551  — 
611;  also  Ure's  Dictionary  of  Arts,  &c.,  iiL 

VTSOTBKBBZC  ACZB.    C«H"0*  =  C^»0 }  q     ;pyroterehilie  acid,    Bren^- 

terebinsaure. — This  acid,  belonging  to  the  acrylic  series,  C*H'»-*0',  and  metameric 
with  etbyl-crotonic  acid  (p.  273),  was  discovered  by  Ra  hour  din  (J.  Fharm.  [3]  vi. 
196),  and  has  been  farther  examined  by  Chautard  {ibid,  xxyiii.  192).  It  is  produced 
by  the  dry  distillation  of  terebic  acid  and  purified  by  repeated  rectification : 

It  is  a  liquid  boiling  at  210^,  and  smelling  of  butyric  acid.  It  dissolves  in  25  pts.  of 
water,  and  is  easily  soluble  in  alcohol  and  ether.  When  gradually  dropped  into 
melting  hydrate  of  potassium,  it  is  resolved,  with  evolution  of  hydrogen,  into  acetic 
and  butyric  acids : 

C«H'»0«  +  2H«0     =     Cr^H*0«  +  C<H»0»  +  H«. 

Pyroierebate  of  silver,  C*H*AgO',  crystallises  with  difficulty,  and  blackens  on 
exposure  to  light,  especially  when  moist. 

BlCZD.    Syn.  with  Ctanxtbic  Agxd. 

8yn.  with  Xtloidik. 

Eblanrin.  A  yellow  crystalline  substance  produced  by 
the  action  of  potash  on  one  of  the  substances  contained  in  heavy  oil  of  woo<l-tar 
(Volckel).  It  is  contained  in  crude  wood-spirit,  as  first  observed  by  Scan  Ian,  and 
may  be  separated  therefrom,  according  to  Gregory  (Ann.  Ch.  Fharm.  xxi,  143),  by 
distilling  the  liquid,  collecting  about  15  per  cent.,  saturating  the  distillate  with  slaked 
lime,  and  redistilling.  The  residue,  containing  the  excess  of  lime  employed,  acetate  of 
calcium,  a  brownish  resin,  and  pyroxanthin,  is  treated  with  dilute  hydrochloric  add, 
and  the  insoluble  portion  is  digested  in  boiling  alcohol,  which  dissolves  the  resinous 
matter  first ;  the  pyroxanthin  is  fouod  in  the  last  alcoholic  decoctions. 

Pyroxanthin  crystallises  in  long  yellow  needles,  inodorous,  insoluble  in  water, 
soluble  with  aid  of  heat  in  alcohol,  ether,  and  acetic  acid,  nearly  insoluble  in  ammonia 
and  in  boilins  potash.  It  melts  at  144°.  When  heated  in  a  tube  closed  at  one  end, 
it  does  not  volatilise  without  decomposition ;  but  if  heated  in  a  current  of  air,  it  sublimes 
at  134^.  Gregory  found  in  it  74*8  percent,  carbon  and  5*5  hydrogen,  numbers  agreeing 
nearly  with  the  formula  0*HH)',  which  requires  75  carbon,  5  hydrogen,  and  20 
oxyygen. 

F^^xanthin  dissolves  with  deep  red  colour  in  strong  sulphuric  and  in  faming 
hydrochloric  acid ;  water  precipitates  it  from  the  solution  in  a  partly  altered  state. 
Strong  nitric  acid  attacks  it  violently,  converting  it  into  oxalic  acid  and  a  nitro- 
compound. Chlorine,  with  aid  of  heat,  converts  it  into  a  brown  resinous  substance, 
with  disengagement  of  hydrochloric  acid. 

VTSOXAVTHOCIISV.  The  constituent  of  wood-tar,  from  which  pyroxanthin 
is  supposed  to  be  formed. 

PTSOZBMrs.  A  name  sometimes  used  as  synonymous  with  augite  to  denote  the 
mineral  species  (i.  275),  but  more  commonly  restricted  to  certain  varieties  having  a 
green  or  greyish-green  colour.     (Dana,  ii.  158.) 

A  rock  consisting  of  felspar  and  lamellar  pyroxene. 

Gun-cotton;  Coton  fulminant ;  Coton-pottdre  ;  Potidre-coton  ; 
Ftdmi-coton.  SchiessbaumwoUe ;  explodirende  BaumwoUe. — These  names  are  applied 
to  certain  explosive  substances  produced  by  the  action  of  fuming  nitric  acid,  or  of  a 
mixture  of  nitric  and  sulphuric  acids,  on  cotton  wool.  Schonbein,  in  1845, 
announced  the  discovery  of  an  explosive  cotton-wool  applicable  as  a  substitute  for 
gunpowder,  but  his  mode  of  preparation  was  at  first  kept  secret ;  and  soon  afterwards 
the  method  of  producing  the  explosive  compoimd  by  treating  cotton-wool  with  strong 
nitric  acid  was  discovered  independently  by  Bottger  and  Otto,  and  published 
by  the  latter  (Au^sbuig,  Allg.  Zeitung,  Oct.  5,  1846 ;  J.  pr.  Chem.  xi.  193).  Knop 
(Compt.  rend,  xxiii.  808)  soon  afterw^s  introduced  the  more  advantageous  method 
of  treating  the  cotton-wool  with  a  mixture  of  strong  nitric  and  sulphuric  acids.  The 
chemical  composition  and  properties  of  pyroxylin  have  been  made  the  subject  of 
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nnmerous  researchefl  byBottger,  Pelouze,  Payen,  Peli^ot^  van  Kerckhoff, 
Sobrero,  Bechamp,  and  others  on  the  continent,  and  in  this  country  by  Porrett, 
Ransom,  Crum,  Gladstone,  and  Hadow.  (For  a  complete  list  of  memoirs  relating 
to  it,  down  to  1862,  seeQmelin's  HandbookfXv.  168.)  From  its  first  discoveiy,  also, 
numerous  experiments  were  made  on  its  applicability  to  military  and  mining  operations 
as  a  substitute  for  fl;unpowder,  over  which  it  possesses  the  great  advantage  of  burning 
without  smoke,  and  leaving  no  residue  to  foul  the  gun  ;  and  its  preparation  was  soon 
commenced  on  a  large  scale ;  but  the  occurrence  of  several  severe  and  unexplained 
accidents  during  the  manufacture,  attended  with  great  loss  of  life,  caused  it  to  be 
regarded  as  too  dangerous  and  unmanageable  for  military  purposes,  and  accordingly 
its  manufacture  was  for  a  while  nearly  given  up.  Within  the  last  few  years,  however, 
the  attempts  to  make  use  of  gun-cotton  as  a  substitute  for  g^powder  have  been 
renewed,  and'  brought  to  a  successful  issue  chiefly  by  the  investigations  of  General 
von  Lenk,  an  Austrian  officer  of  artillery,  who  has  discovered  the  cause  of  previous 
failures,  gradually  perfected  the  process  of  manufacture,  and  instituted,  under  the 
auspices  of  the  Austrian  government,  an  elaborate  series  of  experiments  on  the 
best  methods  of  applying  it  to  gunnery. 

Cotton  treated  with  a  mixture  of  nitric  and  sulphuric  acids,  yields  a  number  of  pro- 
ducts which  may  be  regarded  as  cellulose,  C*H'*0*,  in  which  the  hydrogen  is  more  or 
less  replaced  by  nitric  peroxide,  NO*,  the  degree  of  nitration  varying  according  to  the 
mode  of  preparation.  The  different  compounds  have  different  degrees  of  stability  and 
are  variously  affected  by  solvents.  According  to  Hadow  (Chem.  Soc.  Qu.  J.  vii. 
201),  the  three  principal  products  are : 

0.  C"H«(NO«)»0»»  or  C«H»(NO»)K)»,  insoluble  in  a  mixture  of  ether  and  alcohol ; 
but  soluble  in  ethylic  acetatei  It  is  produced  by  repeated  immersion  of  cotton- 
wool in  a  mixture  of  2  at.  nitric  add,  HNO',  2  at  oil  of  vitriol,  H'SO*,  and  3  at. 
water. 

/3.  C"H*'(NO*)"0**,  soluble  in  ether-alcohol,  insoluble  in  glacial  acetic  acid.  Pro- 
duced when  the  acid  mixture  contains  ^  at.  more  water  than  in  a. 

y.  C*"H"(NO*)'0**  (Gladstone's  cotton-xj/lotdin^  soluble  in  ether  and  in  glacial 
acetic  acid.     Produced  when  the  acid  mixture  contains  1  at.  more  water  than  in  a. 

The  term  "  pyroxylin  **  is  sometimes  applied  especially  to  the  more  hiffhlv  nitrated 
compounds  ;  but  it  is  much  better  to  use  this  term  as  a  generic  name  for  all  the  substi- 
tution-compounds formed  by  the  action  of  nitric  acid  on  cellulose,  and  to  designate  as 
"gun-cotton  "  the  most  highly  nitrated  compound,  trinitrocellulose,  C*H'(NO')'0*, 
which  is  the  only  one  adapted  for  use  in  gunneiy. 

The  lower  compounds,  which  are  soluble  in  alcohol  and  ether,  are  used  for  the  pre- 
paration of  collodion  (L  1083). 

Gun-ectton.    C^'(NO«)*0». 

When  cotton-wool  is  immersed  in  a  mixture  of  strong  nitrie  and  sulphuric  adds, 
substitution  takes  place  immediately,  and  the  product  has  only  to  be  fineed  from  ad- 
hering acid  by  washing  with  water  and  then  dried.  But  in  order  to  insure  the  uniform 
production  of  the  most  highly  nitrated  compound,  Lenk  adopts  several  precautions, 
the  most  important  of  which  are : 

1.  The  cleansing  and  perfect  desiccation  of  the  cotton  previously  to  its  immersion  in 
the  mixed  adds. 

2.  The  employment  of  the  strongest  acids  procurable  in  commerce. 

3.  The  steeping  of  the  cotton  in  a  fresh  strong  mixture  of  adds  after  the  first  im- 
mersion and  partial  conversion  into  gun-cotton. 

4.  The  continuance  of  the  steeping  for  forty-dght  hours. 

6.  The  thorough  purification  of  the  gun-cotton  thus  produced  from  every  trace  of 
free  add,  by  washing  the  product  in  a  stream  of  water  for  several  weeks;  subsequently 
a  weak  solution  of  potash  may  be  used,  but  this  is  not  essentiaL 

The  prolonged  application  of  these  processes  is  abeoluteljr  necessary  to  ensure  the 
thorough  nitration  of  the  cotton  and  the  subsequent  purification  of  the  product ;  for 
each  cotton-fibre  is  a  long  narrow  tube,  often  twisted  and  even  doubled  up,  and  the 
add  has  first  to  penetrate  to  the  inmost  depths  of  these  tubes  and  afterwards  to  be 
soaked  out  of  them :  hence  the  necessity  of  time. 

Sometimes,  to  render  the  gun-cotton  less  explosive,  and  to  remove  the  last  lingering 
traces  of  free  add,  it  is  impregnated  with  a  solution  of  silicate  of  sodium  (soluble 
glass),  which  is  forced  into  it  by  means  of  a  centrifugal  machine,  having  a  central  tube 
&r  supplying  the  solution.  It  is  then  dried  by  exposure  to  the  air,  whereby  carbonate 
of  sodium  is  formed,  and  silica  separated,  and  the  carbonate  of  sodium  is  afterwards 
washed  out  with  water,  while  the  silica  remains  attached  to  the  fibres. 

Sometimes,  again,  to  render  the  fibres  soft  and  diminish  the  danger  of  explodon  from 
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violent  friction,  the  gtin>cotton,  after  being  treated  with  soluble  glass,  is  immersed  in  a 
Boap-ley,  the  excess  of  which  is  then  squeezed  out,  and  the  gun-cotton  finally  dried. 

Por  details  of  rho  Aiistrian  process,  and  of  experiments  on  the  preparation  of  gun- 
cotton  at  the  Royal  Gunpowder  Works  at  Waltham  Abbey,  see  the  article  "  Gun- 
cotton"  by  Dr.  Gladstone  in  Richardson  and  Watts's  Chemical  Technology ,  J-  [4] 
487 — 600.  Gun-cotton  is  now  prepared  on  a  large  scale  by  a  process  essentially  the 
same  as  that  of  Lenk,  at  the  manufactory  of  Messrs.  Prentice  at  Stowmarket. 

Gun-cotton  prepared  by  the  process  just  described  retains  the  external  properties  of 
cotton-wool,  but  is  somewhat  harsher  to  the  touch,  unless  it  has  been  soaped.  It  has 
neither  taste  nor  smell,  and  is  neutral  to  moistened  litmus-paper.  By  friction  it 
becomes  more  strongly  electric  than  cat's  skin ;  it  crackles,  yields  sparks,  and  is  phos- 
phorescent in  the  dark  (Gaiffe,  Compt.  rend.  xxiy.  88).  Its  fibres  seen  under  the 
microscope  by  polarised  light,  exhibit  very  little  brightness,  and  scarcely  any  play  of 
colours,  whereas  the  fibres  of  ordinary  cotton- wool  appear  bright  ami  show  a  fine  play 
of  colours  even  in  the  dimmest  light.     (Kindt,  Fogg.  Ann.  Ixx.  168.) 

The  following  analyses  of  Lenk*s  gun-cotton,  the  first  made  in  the  laboratory  of  the 
Imperial  Engineers'  Committee,  the  second  in  the  University  laboratory  at  Vienna, 
show  that  it  consists  of  trinitrocellulose,  C*H^(NO*)'0*. 

Analytte*. 
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Gun-cotton  is  insoluble  in  water,  and  perfectly  unaffected  by  long  soaking  in  that 
liquid.  It  usually  absorbs  about  2  per  cent  of  hygroscopic  moisture,  any  excess  that 
it  may  absorb  under  peculiar  atmospheric  conditions  being  speedily  given  ofiTwhen  the 
air  returns  to  its  oniinary  state  of  dryness.  It  is  insoluble  also  in  alcohol,  ether, 
and  glacial  acetic  acid. 

Gun-cotton  is  not  affected  by  dilute  acids  or  alkalis;  but  nitric  acid  of  specific 
gravity  1"46  attacks  it,  producing  a  lower  substitution-product  which  weighs  only  ^ths 
of  the  original  trinitrocellulose.  Strong  sulphuric  acid  dissolves  it  with  some  difficulty, 
and  the  solution  does  not  tura  black  even  when  heated  to  a  high  temperature,  though 
it  then  gives  ofl^  carbonic  anhydride  and  nitric  oxide. 

Strong  potash-ley  dissolves  gun-cotton  rapidly,  especially  if  heated  to  about  70®, 
with  formation  of  ammonia,  nitrous  acid,  oxalic  acid,  and  other  acids.  The  alkalinn 
solution  reduces  an  ammoniacal  solution  of  silver,  and  has  in  fact  been  used  for 
silvering  mirrors. 

A  solution  of  potassic  sulphydratey  especially  if  mixed  with  alcohol,  reproduces  the 
original  cotton,  with  formation  of  potassic  nitrate  and  a  little  ammonia— i^'m-otu 
sulphate  exerts  a  similar  reducing  action,  likewise  reproducing  the  original  cotton 
(B  ^  c  h  a  m  p).  Gun-cotton  placed  in  contact  with  sulphuric  acid  and  metallic  mercury, 
gives  off  all  its  nitrogen  in  the  form  of  nitric  oxide.  On  account  of  these  last  three 
reactions,  gun-cotton  is  regarded  by  B^champ,  Pelouze,  Crum,  and  other  chemists,  as 
analogous  in  constitution  to  a  nitric  ether,  rather  than  to  such  compounds  as  nitro- 
benzene, nitrobenzoic  acid,  &c.,  inasmuch  as  the  latter,  when  treated  with  reducing 
agents,  are  converted  into  other  compounds  containing  nitrogen,  whereas  gun-cotton, 
like  the  nitric  ethers  and  nitrates  in  general,  is  deprived  by  these  reagents  of  the  whole 
of  its  nitrogen,  and  in  some  cases  reconverted  into  the  original  cotton-wool. 

Gun-cotton  is  a  remarkably  stable  substance,  but  nevertheless  appears  under  certain 
circumstances  to  undergo  a  slow  spontaneous  decomposition.  It  has  been  stored  in 
Austria  for  twelve  years  in  wooden  boxes  without  exhibiting  any  sign  of  alteration ;  and 
some  that  was  taken  to  Italy  in  1859,  and  thrown  aside  where  it  was  exposed  for  a 
long  time  to  a  hot  sun  in  black  boxes,  was  afterwards  found  unaltered.  Some  varieties 
of  gun-cotton,  however,  when  enclosed  together  with  litmus-paper  in  a  tube,  exhibit  an 
acid  reaction  even  at  ordinary  temperatures.  The  more  completely  the  free  acid  has 
been  removed,  the  less  does  the  gun-cotton  appear  to  be  liable  to  spontaneous  decom- 
position either  slow  or  sudden;  and  in  this,  according  to  some  authorities,  consists  the 
advantage  of  washing  the  gun-cotton  with  an  alkaline  solution  or  impregnating  it  with 
soluble  glass.  (See  Gmelin's  Handbook, xv.  176 ;  Chemical  Technology ^i,  [4]  600 ;  also 
Melsens,  Bull.  Soc.  Chim.  1865,  i.  36.) 

Gun-cotton  prepared  by  Lenk's  process  is  not  liable  to  explosion  by  percussion  ;  it 
may  detonate  between  iron  and  iron  if  a  heavy  blow  be  struck,  but  only  that  part 
explodes  which  was  hit,  without  communicating  ignition  to  the  surrounding  particles. 
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If  a  heavy  blovr  be  stnick  on  gun-cotton  with  an  iron  hammer  upon  bronze  or  any 
other  compuratively  soft  metal,  or  upon  stone,  no  detonation  takes  phice.  Otto  found, 
on  the  other  hand,  that  pyroxylin  prepared  with  nitric  acid  alone,  explodes  like  fulmi- 
nating mercury  when  struck  with  a  hammer. 

The  temperature  at  which  gun-cotton  explodes  has  been  very  accurately  determined 
by  Baron  Von  Ebner,  who  fixes  the  lowest  temperature  at  136°  C.  (277°  Fahrenheit); 
but  the  heat  required  is  usually  stated  to  be  greater  than  this.  According  to  Melsens 
gun-cotton  which  has  been  washed  with  soda  and  retains  a  small  quantity  of  the  alkali, 
does  not  explode  till  heated  to  180°,  and  similar  observations  have  been  made  by 
Payen,  Pelouze,  Piobert^  Van  Eerckhoff  and  others. 

On  explosion,  gun-cotton  is  almost  entirely  resolved  into  gases,  leaving  only  about  1 
per  cent  of  natural  mineral  constituents,  the  small  amount  of  silica,  if  it  has  been  sili- 
cated,  and  possibly  a  trace  of  carbon. 

Lieutenant  Van  Karolyi  (Phil.  Mag.  [4]  zzvi.  272)  has  fully  investigated  the 
products  of  the  combustion  of  gun-cotton  and  gunpowder,  under  circumstances  analo- 
gous to  those  which  occur  in  practice.  In  his  first  experiments,  he  exploded  the 
gun-cotton  in  a  Torricellian  vacuum,  made  in  a  eudiometer  about  a  metre  in  length, 
across  which  was  drawn  a  very  thin  platinum  wire,  that  could  be  ignited  by  a  gal- 
yanic  battery.  The  gases  were  analysed  in  the  usual  manner,  wiUi  the  following 
results : 

Carbonic  oxide 

Carbonic  anhydride 

Marsh  gas 

Nitric  oxide 

Nitrogen 

Carbon     

Aqueous  vapour 


Bjr  volume. 

By  weigh 

28*55 

28-92 

1911 

30-43 

1117 

6-47 

8-83 

9-59 

8-56 

8-71 

1*85 

1-60 

21-93 

14-28 

100-00  100-00 

It  was  found  that,  on  exploding  a  somewhat  larger  quantity  of  gun-cotton  under  the 
same  circumstances,  when  therefore  the  combustion  takes  place  under  comparatively 
greater  pressure,  the  proportional  quantities  of  the  products  change,  and  the  quantity 
of  nitric  oxide  diminishes.  Hence  the  deoxidation  of  the  nitrogen-compounds  during 
the  combustion  takes  place  more  completely,  the  greater  the  work  which  the  gun-cotton 
has  to  perform  while  exploding.  This  circumstance  suggested  to  Karolyi  Uie  idea  of 
exposing  the  gun-cotton  during  its  combustion  to  a  resistance  so  regulated  that  it  just 
gives  way  at  the  moment  when  the  gun-cotton  is  completely  burnt.  He  therefore 
placed  a  vessel  filled  with  gun-cotton,  which  ofifered  the  necessary  resistance,  in  a  sixty- 
pound  mortar,  which  was  then  exhausted,  and  the  gun-cotton  was  exploded  by  a  thin 
platinum-wire  heated  to  redness  by  the  electric  current.  An  analysis  of  the  gases  pro- 
duced under  these  circumstances  gave  the  following  numbers : 

By  volume.  By  weight. 

Carbonic  oxide 28*95  2997 

Carbonic  anhydride 2082  33-86 

Marsh  gas 7*24  4*28 

Hydrogen 3*16  024 

Nitrogen 12-67  1316 

Carbon 1*82  1-62 

Aqueous  vapour 25*34  16-87 

100-00  100-00 

It  will  be  observed  that  in  this  latter  case,  which  is  analogous  to  what  takes  place 
in  practice,  no  nitric  oxide  is  formed,  but  a  certain  amount  of  hydrogen,  and  a  lai^r 
proportion  of  nitrogen  and  aqueous  vapour.  When  exploded  in  this  manner,  10 
grammes  of  gun-cotton  was  found  to  yield  57*40  cubic  centimetres  of  gas,  at  0°  C.  and 
1  metre  pressure.  These  gases  are  combustible,  on  account  of  the  large  quantity  of 
carbonic  oxide  they  contain. 

For  the  results  obtained  by  Karolyi  from  gunpowder  burnt  in  a  similar  manner,  see 
ii.  958,  959. 

Abel  (Proc.  Hoy.  Soc.  xiii.  204)  has  made  a  series  of  ingenious  experimenta  on  the 
combustion  of  gun-cotton.  He  finds  that  when  quantities  of  gun-cotton,  varying  from 
one  to  two  grains,  in  the  form  of  a  loose  twist  laid  double,  are  ignited  by  means  of  a 
platinum  wire  in  highly  rarefied  atmospheres,  they  burn  very  slowly,  presenting  by 
d;iy light  an  appearance  as  if  they  smouldered.  The  pressure  in  the  case  describea 
must  not  exce^  8  inches  of  mercury ;  but  the  rarefaction  necessary  for  the  result 


780  PYBOXYLIN. 

varies  with  the  quantity  of  gun-cottoD,  its  mechanical  condition,  its  position  with  refer- 
ence to  the  source  of  heat,  the  quantity  of  heat  applied,  and  the  duration  of  its  application. 

Gun-cotton,  when  ignited  in  small  quantities  in  rarefied  atmospheres,  may  exhibit, 
during  its  combustion,  three  distinct  luminous  phenomena.  In  the  most  highly  rare- 
fied atmospheres,  the  only  indication  of  combustion  is  a  beautiful  green  glow,  or  phos- 
phorescence, which  surroimds  the  extremity  of  the  gun-cotton  as  it  is  slowly  trans- 
formed into  eases  or  yapours.  When  the  pressure  of  the  atmosphere  is  increased  to 
one  inch  (with  the  proportion  of  gun  cotton  indicated),  a  faint  yellow  flame  appears  at 
a  short  distance  from  the  point  of  decomposition ;  and  as  the  pressure  is  increased, 
this  pale  yellow  flame  increases  in  size,  and  eyentually  appears  quite  to  obliterate  the 
green  light.  Lastly,  when  the  pressure  of  the  atmosphere  and  consequent  proportion 
of  the  oxygen  in  the  confined  space  is  considerable,  the  cotton  burns  with  the  ordinary 
bright  yellow  flame.  There  can  be  no  doubt  that  this  final  result  is  due  to  the  almost 
instantaneous  secondary  combustion,  in  the  air  supplied,  of  the  inflammable  gases 
eyolyed  by  the  explosion  of  the  gun-cotton.  The  pale  yellow  flame  will  take  place  in 
rarefied  nitrogen. 

In  a  series  of  experiments  made  under  gradually  diminished  pressures,  oxygen  being 
used  instead  of  air,  it  was  found  that  the  gun-cotton  exploded  instantaneously,  with  a 
bright  flash,  until  the  pressure  was  reduced  to  1*2  inch ;  from  this  pressure  to  that  of 
0'8  inch  it  still  burned  with  a  flash,  but  not  instantaneously ;  and  at  pressures  below 
0*8  inch  it  no  longer  burned  with  a  bright  flash,  but  exhibited  the  comparatively  slow 
combustion,  accompanied  by  the  pale  yellow  flame.  In  atmospheres  of  carbonic 
anhydride,  carbonic  .oxide,  hydrogen,  and  coal-gas,  this  pale  yellow  flame  is  seen  as  in 
nitrogen ;  but  the  two  latter  gases  have  a  great  tendency  to  extinguish  the  combustion, 
doubtless  on  account  of  their  high  cooling  powers  by  convection. 

The  slow  kind  of  combustion  of  gun-cotton,  in  the  form  of  twist,  may  be  obtained 
also  in  a  powerful  current  of  atmospheric  air,  if  the  thread  of  cotton  be  placed  in  a 
somewhat  narrow  glass  tube.  Indeed,  it  was  ifound  that  if,  even  for  the  briefest  space 
of  time,  the  gases  resulting  from  the  first  action  of  heat  on  gun-cotton  upon  ita  ignition 
in  open  air  are  impeded  from  completely  enveloping  the  brmiing  extremity  of  the  gun- 
cotton  twist,  their  ignition  is  prevented,  and  the  gun-cotton  continues  to  bum  in 
the  slow  and  imperfect  manner,  undergoing  a  transformation  similar  in  character  to 
destructive  distillation.  By  proper  arrangements,  these  gases  may  be  burnt  at  the 
mouth  of  a  tube  while  the  gun-cotton  is  burning  in  the  interior.  There  is  little  doubt 
tiiat  these  products  of  decomposition  vary  as  greatly  as  the  phenomena  themselves : 
thus,  in  the  instances  of  the  most  imperfect  metamorphosis  of  gun-cotton,  the  products 
included  a  considerable  proportion  of  a  white  vapour,  slowly  dissolved  by  water,  as 
also  small  quantities  of  nitrous  acid,  and  a  very  large  proportion  of  nitric  oxide ; 
cyanogen,  too,  is  always  found.  This  contrasts  greatly  with  the  simpler  products  of 
decomposition  found  by  Karolyi  when  the  gun-cotton  was  exploded  under  the  pressure 
of  a  confined  space. 

Abel  considers  that  the  remarkable  facility  with  which  the  combustion  of  gun- 
cotton  in  air  or  other  gases  may  be  modified,  might  be  taken  advantage  of  to  produce 
a  variety  of  mechanicsQ  effects ;  and  he  states,  that  by  enclosing  in  suitable  cases  soh'd 
cords  made  up  of  two  or  more  strands  of  gun-cotton,  more  or  less  compactly  twisted, 
he  has  succeeded  in  producing  fuses  and  slow-matches,  the  time  of  burning  of  which 
may  be  accurately  regulated. 

Fractical  Application  to  Gunnery. — Gun-cotton  is  used  for  artillery  in  the  form  of 
thread  or  spun-yam.  In  this  simple  form  it  will  conduct  combustion  slowly  in  the 
open  air  at  the  rato  of  not  more  than  1  foot  per  second.  This  thread  is  woven  into  a 
texture  or  circular  web.  These  webs  are  made  of  various  diameters ;  aud  from  them 
common  rifle  cartridges  are  made,  merely  by  cutting  them  into  the  proper  lengths, 
and  enclosing  them  in  stiff  cylinders  of  pasteboard,  which  form  the  cartridge.  In  this 
shape  its  combustion  in  the  open  air  takes  place  at  a  speed  of  10  feet  per  second. 

The  gun-cotton  yam  is  used  directly  to  form  cartridges  for  large  guns,  by  being 
wound  round  a  bobbin,  so  as  to  form  a  spindle  like  that  used  in  spinning  mills.  The 
bobbin  is  a  hollow  tube  of  paper  or  wood.  The  object  of  the  wooden,  rod  is  to 
secure  in  all  cases  the  necessary  length  of  chamber  required  for  the  most  effective 
explosion.    (For  flgures  see  Chemical  Technology ^  i.  [4]  506.) 

Practically,  gun-cotton  is  most  effective  in  guns  when  used  as  \  to  J  weight  of  powder, 
and  occupying  a  space  of  y^ths  of  the  length  of  the  powder^cartridge,  and  of  such  density 
that  II  lbs.  occupy  a  cubic  foot. 

Lsnk's  gun-cotton,  wheji  used  as  a  substitute  for  powder,  is  found  to  possess  the  fol- 
lowing advantage :  1.  Gkreater  safety  during  the  manufacture. — 2.  The  possibility  of 
keeping  it  under  water  at  any  time,  or  of  immersing  it  on  any  sudden  emergency, 
without  damaging  it. — 3.  Its  being  uninjured  by  damp. — 4.  Easier  and  safer  convey- 
ance, inasmuch  as  one  ton  of  gun-cotton  does  the  work  of  at  least  three  tons  of 
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gunpowder ;  and  there  is  no  fear  of  the  dangerous  "getting  to  dust,"  and  spilling. — 
5.  The  force  of  its  explosion  can  be  regulated  so  as  to  produce  various  results 
desired.  According  to  its  mechanical  condition,  it  may  be  made  to  have  any  speed  of 
explosion,  from  1  foot  per  second  to  1  foot  in  ^^  of  a  second,  or  to  instantaneity. 
The  instantaneous  explosion  of  a  large  quantity  of  gun-ootton  is  made  use  of  when  it 
is  required  to  produce  destructive  effects  on  the  surrounding  material;  the  slow 
combustion,  when  it  is  required  to  produce  manageable  power,  as  in  the  case  of 
gunnery. — 6.  It  leaves  no  residue  in  the  gun  on  explosion. — 7.  It  produces  no  emoke.^ 
8.  The  gases  produced  on  explosion  are  less  iigurious  to  the  gun,  and  to  the  men  serving 
it. — 9.  It  does  not  heat  the  gun  so  much. — 10.  It  produces  smaller  recoil,  only  two- 
thirds  of  that  from  gunpowder,  the  projectile  effect  being  equaL  This  depends  probably 
to  a  certain  extent  on  the  solid  residue  of  exploded  gunpowder  having  to  be  projected 
in  addition  to  the  shot,  and,  as  is  generally  thought,  at  much  higher  speed.  The 
remainder,  General  Von  I^enk  attributes  to  a  different  law  of  combustion.  On  account 
of  the  smallness  of  recoil,  a  lighter  and  shorter  gun  may  be  employed. 

On  the  other  hand,  gun-cotton  has  some  disadvantages  as  compared  with  gunpowder. 

1.  It  is  suspected  of  being  liable  to  spontaneous  decomposition  under  certain  un- 
known circumstances. — 2.  It  ignites  at  a  lower  temperature. — 3.  For  use  in  guns,  it 
requires  greater  care  and  precision  in  the  manufacture  of  the  cartridge,  lest  its  great 
power  should  be  exerted  in  rending  the  piece,  rather  than  propelling  the  baU. 

Apijlication  to  other  Military  Purposes. — However  suitable  gun-cotton  may  seem  to 
be  aB  a  source  of  projectile  power,  it  is  still  better  adapted  to  other  purposes  for  which 
an  explosive  is  required.  Indeed,  its  capability  of  instantaneous  explosion  enables  it 
to  perform  easily  some  descriptions  of  work,  which  gunpowder  could  scarcely,  if  at  all, 
accomplish. 

The  condition  necessary  to  produce  instantaneous  and  complete  explosion,  is  the 
absolute  perfection  of  closeness  of  the  chamber  containing  the  gun-cotton.  The  reason 
of  this  is,  that  the  first  ignited  gases  must  penetrate  the  whole  mass  of  the  cotton ;  and 
this  they  do,  and  create  complete  ignition  throughout,  only  under  pressure. 

For  fusesy  gun-cotton  is  woven  into  a  web,  steeped  in  saltpetre^  and  covered  with  an 
Indian-rubber  jacket  The  combustion  of  this  takes  place  at  about  30  feet  per  second, 
and  produces  a  sharp  noise,  heating  but  not  tearing  the  jacket.  Such  a  fiise  will  fire 
although  a  considerable  weight  be  placed  upon  it,  and  it  may  be  doubled  up  without 
fear  of  the  fire  communicating  from  fold  to  fold.  If  ordinary  gun-cotton  thread  be 
fired,  ignition  takes  place  at  the  rate  of  only  about  one  foot  per  second. 

Shells  with  holes  are  easily  filled  with  gun-cotton  web,  and  projectiles  that  open  may 
be  charged  with  compressed  gun-ootton.  In  this  way  a  much  larger  amount  of  force 
may  be  stored  up  in  the  shell  than  with  gunpowder;  consequently  it  bursts  into  double 
the  number  of  pieces ;  and  it  is  said  that  the  stronger  the  shell,  the  smaller  are  the 
fragments  into  which  it  is  broken.  **  It  is  a  well-known  faxt,  that  a  bag  of  gunpowder 
nailed  on  the  gates  of  a  city  will  blow  them  open.  In  this  case  gun-ootton  would  fail ; 
a  bag  of  gun-cotton  exploded  in  the  same  wav  is  powerless.  To  blow  up  the  gates  of 
a  city,  a  very  few  pounds  of  gun-cotton  earned  in  the  hand  of  a  single  man  will  be 
BufiScient ;  only  he  must  know  its  nature: — in  a  bag,  it  is  harmless;  exploded  in  a 
box  it  will  shatter  the  gates  to  atoms."  A  small  box  containing  gun-cotton,  merely 
fiung  down  close  to  paliukdes,  and  exploded  by  a  galvanic  battery  or  a  fuse,  will  open 
a  passage  for  troops. 

The  same  force  has  been  applied  to  the  destruction  of  bridges.  "A  strong  bridge 
of  oak,  12  inches  scantling,  24  feet  span,  was  shattered  to  atoms  by  a  small  box  of 
25  lbs.  laid  on  its  centre :  the  bridge  was  not  broken,  it  was  shivered.** 

For  military  mining  the  gun-cotton  charge  is  placed  in  little  barrels  with  strong 
hoops. 

The  effect  of  gun-cotton,  when  exploded  under  water,  is  very  remarkable.  The 
action  is  so  instantaneous  that  the  water  has  no  time  to  vield,  and  thus  it  is  unneces- 
sary to  place  the  chaige  in  contact  with  the  body  to  be  destroyed,  as  is  said  to  be  the 
case  when  gunpowder  is  used.  *'Two  tiers  of  piles,  10  inches  thick,  in  water  13  feet 
deep,  with  stones  between  them,  were  blown  up  by  a  barrel  of  100  lbs.  of  gun-cotton 
placed  3  feet  from  the  face  and  8  feet  under  water.  It  made  a  clean  sweep  through  a 
radius  of  15  feet,  and  raised  the  water  200  feet  The  iron  anchor  used  to  keep  the 
box  in  position  was  found  broken  across.  At  the  close  of  the  Italian  campaign,  some 
experiments  on  ships  were  tnade  at  Venice,  in  the  presence  of  the  Emperor  of  Austria. 
In  one  of  these,  a  barrel  of  400  lbs  weight  was  placed  near  a  sloop  in  10  feet  of  water, 
the  nearest  part  of  the  hull  of  the  vessel  being  about  18  feet  distant ;  yet  the  sloop 
was  broken  to  pieces,  and  these  were  hurled  into  the  air  to  the  height  of  400  feet. 
This  kind  of  explosion  is  attended  with  terrific  noise.  It  was  observed  that  the  fishee, 
for  perhaps  half  a  mile  round,  were  stunned,  and  floated  on  the  surface.  They  recovered 
after  awhile,  but  not  till  many  had  been  picked  up  by  hand." 
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AppUcaiion  to  Blasting, — Gun-cotton  thread  is  spun  into  ropes  in  the  usual  way, 
up  to  two  inches  diameter,  hollow  in  the  centre.  Tliis  is  the  form  used  for  blasting 
and  mining  purposes ;  it  combines  great  density  with  speedy  explosion,  and  in  this  form 
the  gun-cotton  is  conveniently  coiled  in  casks  and  stowed  in  boxes.  The  fact  that  the 
action  of  gun-cotton  is  violent  and  rapid  in  exact  proportion  to  the  resistance  it  en> 
counters,  tells  us  the  secret  of  its  far  higher  efficacy  in  mining  than  gunpowder.  The 
stronger  the  rock,  the  less  gun-cotton,  comparatively  with  gunpowder,  is  necessiiiy  for  the 
effect ;  so  much  so,  that  while  gun-cotton  is  stronger  than  powder  as  3  to  1  in  artillery, 
it  is  stronger  in  the  proportion  of  6*274  to  1  in  a  strong  and  solid  rock,  weight  for 
weight.  Its  power  of  splitting  up  the  material  can  be  regulated  at  will  As  it  is  not 
liable  to  be  spilt  about  by  the  miners  like  powder,  there  is  less  danger  of  accidental 
explosion.  The  absence  of  smoke  in  its  explosion,  also,  conduces  to  the  comfort  of 
the  workmen. 

Tyroxylin  for  the  preparation  of  Collodion, 

It  has  already  been  stated  that  the  highest  nitro-substitution  product  of  cotton, 
namely  trinitrocellulose,  C*H'(NO')'0*,  does  not  dissolve  in  a  mixture  of  ether  and 
alcohol,  but  that  the  lower  compoimds  are  capable  of  doing  so.  It  is  these  compounds, 
therefore,  that  are  alone  available  for  making  that  solution  of  gun-cotton,  which  is 
known  by  the  name  of  collodion.  They  are  produced  when  weaker  adds  are  employed, 
or  when  the  precautions  mentioned  above  in  the  preparation  of  Lenk's  gun-cotton  are 
not  observed  (p.  779). 

These  lower  nitro-substitution  products  of  cellulose  do  not  resemble  the  original 
cotton  in  appearance  so  closely  as  the  highest  compound  does ;  for  they  show  more 
signs  of  the  action  of  the  acid  on  the  fibre.  Indeed,  there  is  at  least  one  compound 
which  is  soluble  in  nitric  acid,  whether  fuming  or  of  as  low  a  specific  gravity  as  1*25, 
and  may  be  precipitated  as  a  granular  powder  on  the  addition  of  water. 

They  explode  at  a  lower  temperature  than  trinitrocellulose,  but  this  temperature 
depenas  both  upon  the  nature  of  the  compound  and  the  manner  in  which  the  heat  is 
applied.  A  long-continued  heat  will  explode  a  mass  of  such  pyroxylin  which  at  first 
was  not  set  on  fire ;  and  there  can  be  little  doubt  that  under  such  circumstances  it  may 
be  exploded  at  a  temperature  very  little  exceeding  that  of  boiling  water;  indeed,  much 
lower  temperatures  have  been  mentioned  by  some  observers. 

These  lower  compounds,  when  exploded,  leave  a  certain  amount  of  carbonaceous 
residue. 

All  these  substitution-products  dissolve  in  strong  sulphuric  acid,  but  a  solution  of 
cotton-xyloi'din,  C"H"*(NO*)'0**,  in  that  acid,  is  charred  at  as  low  a  temperature  as 
180°  Fahrenheit. 

These  lower  compounds  are  liable  to  spontaneous  decomposition,  which  takes  place 
very  slowly  at  first,  but  when  it  has  reached  a  certain  point,  perhaps  after  the  lapse 
of  several  years,  the  action  becomes  much  more  rapid.  The  spontaneous  explosions 
which  have  sometimes  taken  place  with  ill-prepared  gun-cotton,  may  with  grt^at 
probability  be  attributed  to  the  presence  of  these  lower  compounds.  It  does  not 
appear  to  be  proved  that  any  pyroxylin  ever  explodes  without  extraneous  heat.  Light 
certainly  favours  this  decomposition,  but  is  not  indispensable,  for  it  is  on  record,  that 
pyroxylin  stowed  away  in  casks  has  evolved  a  choking  smell  after  some  months.  The 
usual  progress  of  decomposition  is  of  this  character :-  the  pyroxylin  begins  to  emit  a 
peculiar  odour,  rather  agreeable  than  otherwise ;  the  gas  increases,  perhaps  driving 
out  the  stopper,  if  the  pyroxylin  be  contained  in  a  stoppered  bottle ;  the  cotton  becomes 
damp,  and  shrinks  together;  and,  as  decomposition  goes  on,  the  fibre  disappears,  and 
there  remains  a  gummy  mass,  probably  interspersed  with  crystals.  The  gases  include 
nitric  oxide,  and  apparently,  in  some  cases,  prussic  acid.  The  crystals  consist  of 
oxalic  acid,  and  the  residue  is  a  mixture  of  products  consisting  of  water,  nitric  acid, 
and  several  organic  acids  not  alwajs  soluble  in  water. 

The  pyroxylin  used  for  the  preparation  of  collodion  is  not  a  definite  compound,  but  a 
mixture  of  two  or  more  varieties  of  nitrocellulose.  It  may  be  prepared  by  treating 
cotton-wool  either  with  oil  of  vitriol  and  nitrate  of  potassium,  or  with  a  mixture  of  strong 
nitric  and  sulphuric  acids.  In  the  former  case,  60  grains  of  cotton-wool  pulled  out  into 
separate  balls  of  about  the  size  of  a  walnut,  is  immersed  in  a  mixture  of  6  fluid  ounces 
of  oil  of  vitriol,  ^  oz.  (avoird.)  of  dried  saltpetre,  and  1  fluid  ounce  of  water.  The 
cotton  must  be  well  stirred  about  in  the  liquid,  kept  at  the  temperature  of  1,40^  Fah. 
for  about  two  minutes,  then  suddenly  thrown  into  cold  water,  and  briskly  moved  about 
till  thoroughly  washed.  When  nitrosulphuric  acid  is  used,  larger  quantities  may  bo 
operated  upon  at  once:  viz.  400  grains  of  cotton-wool,  6  fluid  ounces  of  nitric  acid  of 
specific  gravity  1*45,  18  fluid  ounces  of  oil  of  vitriol  of  specific  gravity  1-84,  and  4  J 
ounces  of  water.  In  this,  as  in  the  former  case,  very  rapid  washing  is  necessary, 
otherwise  spontaneous  decomposition  will  take  place,  attended  with  evolution  of  red 
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fumes.  For  details  of  manipulation  see  Hardwich^s  Manual  of  Photographic  Chemistry; 
also  Technology,  i.  [4]  613.  The  properties  and  uses  of  collodion  have  been  abreadjr 
described  (i.  1084). 


(^m  xvf^oSf  yellow)  is  the  name  given  by  G.  Hose  to  a  mineral 
occurring  at  Mursinsk  in  the  Ural,  in  small  orange-yellow  octahcnlrons ;  also  by 
Teschemachpr  to  a  perfectly  similar  mineral  from  the  Azores,  which,  according  to 
Hayes,  consists  chiefly  of  niobate  of  zirconium.    (Dana,  ii.  346.) 

PTSBSOIta    Syn.  with  Ptbbol. 

VnRBOVXVB.  This  name  was  given  by  Pol  ex  (Berz.  Jahresb.  xix.  433)  to 
an  alkaloid  extracted  by  alcohol  from  the  root  of  Chelidonium  majiu,  and  distinguished 
by  forming  red  sparingly  soluble  salts  with  acids.  It  is  doubtless  identical  with 
chelerythrine  (i.  847). 

FTSRBOSBTnr.  A  brown  humus-like  substance  found  by  Forohhammer  in 
the  fossil  pine-wood  of  Denmark,  and  regarded  by  him  as  a  humate  of  boloretin 
(i.  619).  It  is  soluble  in  alcohol,  insoluble  in  ether,  and  when  its  alcoholic  solution 
is  mixed  with  a  Quantity  of  ether,  not  sufficient  to  produce  a  precipitate,  and  ammonia 
then  added,  humate  (ulmate)  of  ammonium  is  said  to  be  precipitated,  while  boloretin 
remains  in  solution.  The  substance  appears  however  to  be  merely  a  mixture  (Handw. 
d.  Chem.  vi.  739). 

TB«    Syn.  with  Gothite. 
Magnetic  pyrites.    (See  Ibox,  Sulphides  of,  iii.  401.) 


P'SlUtOK.  C^H'N.  (Run ge,  Pogg.  Ann.  xxxi.  67. — Anderson,  Ed. Phil.  Trans. 
XX.  [2]  247;  xxi.  [4]  571.— Sch wane rt,  Ann.  Ch.  Pharm.  cxv.  279.) 

History. — Runge  was  the  first  to  observe  that  the  products  of  the  destructiye  dis- 
tillation of  coal  contained  a  substance  which  caused  fir-wood  moistened  with  hydro- 
chlonc  acid  to  assume  a  red  colour.  It  is  not  necessary  to  moisten  the  wood  with  the 
liquid  to  be  tried,  it  is  sufficient  to  hold  it  over  the  liquid  containing  the  pyrrol.  Runge 
considered  pyrrol  to  be  a  gas,  but  he  never  prepared  it  in  a  pure  state. 

Formation. — 1.  Pyrrol  appears  to  be  produced  in  almost  every  instance  where 
animal  or  vegetable  matters  containing  nitrogen  are  subjected  to  destructive  distil- 
lation (Gr.  Williams). — 2.  It  is  also  produced  in  considerable  quantity  by  the 
destructive  distillation  of  mucate  of  ammonium,  occurring  as  a  product  of  decomposition 
of  the  dipy  romucamide  (carbopyrrolamicle)  formed  in  the  first  stage  of  the  decomposition 
(p.  765). — 3.  By  heating  carbopyrrolic  acid,  C*H*NO',  which  is  resolved  thereby  into 
pyrrol  and  carbonic  anhydride  (p.  764). 

Preparation.  1.  From  bone -oil. — The  oil  is  shaken  up  with  dilute  hydrochloric  or 
sulphuric  acids,  and  the  acid  solution  is  distilled.  A  portion  of  the  pyrrol  is  thereby 
destroyed,  but  the  greater  portion  distils  over  in  an  impure  state.  By  repeated 
fractional  distillation  it  may  be  obtained  with  a  boiling  point  between  132°  and  143^. 
It  is  then  to  be  several  times  shaken  up  with  dilute  acids,  to  remove  picoline  and  other 
basic  impurities.  After  drying  by  means  of  sticks  of  potassium,  it  is  again  frac- 
tionally distilled  until  it  boils  almost  entirely  between  134°  and  138^.  In  this 
state  it  gives  tolerably  correct  numbers  on  analysis,  but  it  is  stiU  contaminated  with 
some  impurities  which  give  it  an  offensive  odour.  It  must  therefore  be  cohobat^d 
over  solid  hydrate  of  potassium  until  little  or  no  liquid  is  seen  to  rise  in  the  cohobat- 
ing  tube,  even  although  the  bottom  of  the  fiask  is  heated  almost  to  redness.  The 
cohobating  tube  is  then  replaced  by  a  bent  tube,  and  all  volatile  matters  are 
distilled  away ;  the  residue  in  the  flask  is  poured  out  on  to  a  metal  plate  and  allowed 
to  cool ;  and  the  compound  of  pyrrol  with  potash  is  decomposed  with  water,  when  the 
pure  pyrrol  will  rise  to  the  surface  in  the  form  of  a  fragrant  colourless  oil,  which 
may  W  dried  by  digestion  with  sticks  of  potash.  On  rectification  the  pure  pyrrol  will 
come  over  steadily  at  133^.    (Anderson.) 

2.  From  mucate  of  ammonium. — When  this  salt  in  the  state  of  dry  powder  is 
distilled,  crystals  of  carbon^ite  of  ammonium  are  obtained,  together  with  an  aqueous 
solution  of  carbopyrrolamide  and  a  brown  oil  chiefiy  consisting  of  pyrrol  floating 
thereon ;  and  by  w^ishing  this  oil  with  water,  dehydrating  it  with  solid  potash  ana 
rectifying  it  after  standing  over  chloride  of  calcium,  the  pyrrol  is  obtained  pure.  This 
JB  a  much  easier  mode  of  preparation  than  the  former.  Carbopyrrolic  acid  (p.  760 
does  not  yield  pure  pyrrol  quite  so  easily,  because  a  portion  of  it  sublimes  undecomposed. 
(Schwanert.) 

Projhrtirs. — Colourless  transparent  liquid  of  delightfully  fragrant  odour  resembling 
chloroform,  but  softer  and  less  pungent.  Boils  at  133°.  Tastes  hot  and  pungent. 
Sparingly  soluble  in  tcatir^  but  is  readily  soluble  in  alcohof,  ether ^  and  oils.    Insoluble 
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in  alkaline  Bolutions ;  diasolyes,  but  not  readily,  in  aadt.  Specific  gravity  of  liquid 
1'077,  of  Tapour  2-40. 

Ikoom'potitwM. — 1.  Colourless  p3rrrol  soon  becomes  brown  by  keeping;  it  may, 
however,  alwavs  be  re-obtained  colourless  by  distillation.  2.  A  piece  of  fir-wood 
moistened  with  hydrochloric  acid  rapidly  acquires  an  intense  carmine  colour  when 
exposed  to  even  the  minutest  traces  of  pyrrol  vapour.  One  drop  of  pyrrol  will  confer 
upon  the  air  of  a  laige  jar  the  power  of  giving  tins  reaction.  3.  When  agitated  with 
dilute  acids  in  the  cold,  ^jttsA  dissolves  unchanged,  but,  on  heating  the  smution,  a  red 
flooculent  substance  called  pyrrol -red  {iiifra^  is  formed  in  stt(m  quantity  that  the 
vessel  may  be  inverted  without  the  contents  escaping. — 4.  Solution  of  platinic  chloride 
added  to  a  cold  hvdrochloric  solution  of  pyrrol  causes  the  solution  to  become  instantly 
dark  coloured,  ana  in  a  few  minutes  an  abundant  black  precipitate,  containing  platinum, 
twt  of  indefinite  composition,  is  deposited. — 5.  Solution  of  ftrrie  chloride  causes  the 
hydrochloric  solution  of  pyrrol  to  become  first  green  and  then  black. — 6.  JHchromate 
of  potassium  also  decomposes  a  similar  solution  with  formation  of  an  abundant  black 
precipitate. — 7.  Pyrrol  is  rapidly  oxidised  by  nitric  acid,  red  fiimes  are  given  ofl^  and, 
if  the  action  is  prolonged,  oxalic  acid  is  formed. 

8.  Alcoholic  solution  of  pyrrol  gires  a  white  precipitate  with  mercuric  chloride,  and 
also  with  chloride  of  cadmium,  but  it  does  not  precipitate  the  metallic  oxides 
generally. 

The  mercury-salt,  C'H'N.2Hg^'01^  is  a  white  crystsJline  powder  insoluble  in  water, 
sparingly  soluble  in  cold  alcohol :  the  solution  is  probably  decomposed  on  boihng. — 
The  cadmium-salt,  4C*H*N.3Cd''Cl*,  is  a  white  crystalline  powder  insoluble  in  water, 
but  readily  soluble  in  hydrochloric  acid. 

Pyrrol  does  not  form  any  definite  compounds  with  acids,  although  it  is  decidedly 
basic.  At  a  red  heat  it  unites  with  hydrate  of  potassium,  but  the  compound  is  decom- 
posed by  mere  solution  in  water.  C.  G.  W. 

VTXKO&-aun>.  C'^H'^N'O.— When  pyrrol  is  wanned  or  boiled  with  excess  of 
sulphuric  or  hydrochloric  acid,  this  substance  separates  in  amorphous  orange-red  or 
brown  fioeks,  the  colour  of  which  is  darker,  in  proportion  as  the  action  of  the  acid  has 
been  lonser  continued.  It  is  also  produced  when  carbopyrrolic  acid  or  its  barium-salt 
is  heated  to  60^  or  above  with  acids,  the  carbopyrrolic  acid  being  thereby  resolved  into 
carbonic  anhydride  and  pyxxol,  a  p(«tion  of  which  is  then  converted  into  pyrrol-red  as 
above. 

Pyrrol-red  is  insoluble  in  water  and  in  ether,  but  somewhat  soluble  in  hot  alcohol ; 
insoluble  in  adds  and  in  alkalis.  Anderson  found  it  to  contain  71  '98  per  cent,  carbon, 
6*88  hydrosen,  13*69  nitrogen  and  7*65  oxygen,  agreeing  nearly  with  the  above  formula 
which  requires  71*28  C,  6*93  H,  13*86  N,  and  7'93  O.  Schwanert  found  in  pyrrol-red 
from  carbopyiTolic  acid,  proportions  of  carbon  and  nitrogen  smaller  than  these.  Ac- 
cording to  Anderson's  formula,  the  formation  of  pyrrol-red  from  pynol  may  be  represented 
by  the  equation, 

8C^H»N  +  H*0    -    C>«H»NK)  +  NH». 

Syn.  with  PrsoBiLCEifio  Aero  (p.  769). 


ADDENDUM. 


mOBXUIIE.  The  recpnt  investigations  of  Marignac  (Compt.  rend.  Ix.  234, 
1365 ;  Ann.  Ch.  Pharm.  cxxxv.  49  ;  cxxxvi.  29 ;  Ajrchives  des  Sciences  physiques  et 
miturelles,  xxiii.  278),  and  of  Doville  and  T roost  (Compt.  rend.  Ix.  1221  ;  Ann.  Ch. 
Pharm.  cxxxvi.  249),  have  thrown  an  entirely  new  light  on  the  constitation  of  the 
niobium-eompoundK.     The  principal  results  of  these  investigations  are  as  follows: 

1.  There  is  but  one  oxide  of  niobium,  namely  that  called  hyponiobic  acid  by  Bose, 
niobous  oxide  in  this  work  (p.  53).  The  formula  of  this  oxide,  designated  by  Marignac 
as  niobic  acid,  is  Kb*0^  Rose's  niobic  (originally  pelopic)  acid,  NbO*,  was  a  mixture 
of  this  compound  with  tantalic  add,  having  been  prepared  from  columbites  containing 
tantalum  as  well  afl  niobium. 

Marignac,  by  treating  the  so-called  hyponiobic  acid  obtained  from  Greenland  colum- 
bite  (specific  gravity  »  5*36)  with  hydrofluoiic  acid,  and  neutralising  the  resulting 
fluoride  with  potash,  obtained  a  fluoxyniobate  of  potassium,  2KF.NbOF',  without  any 
trace  of  tantalum-salt ;  but  on  repeating  the  experiment  with  columbite  from  Haddani 
in  Connecticut  (specific  gravity  ^  5*85),  and  from  Bodenmais  in  Bavaria  (specific 
g^vity  ss  6'06),  he  obtained,  in  addition  to  the  fluoxvniobate,  a  quantity  of  fluutan- 
talate  of  potassium,  greater  as  the  specific  gravity  of  the  columbit«  was  higher.  Now 
as  the  Bavarian  columbite  used  by  Iloee  in  his  experiments  had  a  high  specific  gravity 
(  a>  6*89),  it  probably  contained  a  very  considerable  proportion  of  tantalic  acid,  so  that 
all  the  compounds  prepared  from  it  would  contain  tantalum  as  well  as  niobium.  (See 
Taktalum.) 

Pure  niobic  oxide,  NbK)*,  has  a  specific  gravity  of  4*4 — 4*5.  The  higher  density 
found  by  Bose  (5'2  to  6'5)  was  due  to  the  presence  of  tantalic  oxide.  All  attempts  to 
convert  it  into  a  higher  or  lower  oxide  have  hitherto  yielded  only  negative  results.  Its 
atomic  weight,  determined  by  Marignac  from  the  amdysis  of  the  fluoxyuiobates  {infra) 
is  268,  and  therefore  that  of  niobium  94. 

2.  The  white  chloride  of  niobium  (Bose^s  hyponiobic  ehloridCf  also  called  niobous 

chloride,  p.  50)  is  an  oxy  chloride,  NbOCl',-  containing,  according  to  the  analyses  of 

Devi  He  and  Troost,  4*82  per  cent,  niobium,  48*9  chlorine  and  7 '3  oxygen,  the  formula 

requiring  43*3  niobium,  49*4  chlorine  and  7*3  oxygen.    The  vapour-density  of  this 

oxychloride,  as  determined  by  experiment^  is  7*9;  calculation  from  the  formula  NbOCl' 

94   +    16   +    3  .  35*5       ^  ^^^„         _  - 

gives- s X  0*0693  =  7'6, 

ii 

This  compound  is  instantly  converted  by  water  into  niobic  oxide,  Nb'O*. 

The  yellow  chloride  (Rose* b pelopic,  afterwards  niobic,  chloride)  obtained  as  de- 
scribed at  page  50  from  pure  niobic  oxide,  is  a  pentachloride,  KbCP.  A  Hi>ecimen  pre- 
pared by  Deville  and  Troost,  was  found  by  Marignac  to  yield,  when  deoompaied  by 
aqueous  ammonia,  66*28  pts.  chlorine  to  49*39  niobic  oxide,  calculation  requiring 
66*38  chlorine  to  49*35  niobic  oxide.  Its  vapour-density,  according  to  the  latest  deter- 
mination of  Deville  and  Troost^  is  9*6 ;  calculation  givea  ^-^ x  00693   » 

9*4. 

This  chloride,  when  treated  with  water,  yields  niobic  oxide,  Nb'O',  identical  with 
that  obtained  from  the  white  oxychloride. 

8.  Niobates.^-Theae  salts  crystallise  readily  and  in  well-defined  forms.  Marignac 
has  obtained  several  niobaies  of  potassium,  ny  fusing  the  oxide  with  2  or  8  pts.  of 
potassium-carbonate  and  evaporating  the  solution  of  the  fused  mass  in  a  vacuum,  large 
monoclinic  prisms  are  obtained,  containing  4K*0.8NbH)'.16HK>,  and  giving  off  12  at. 
water  at  100^.  This  salt,  when  heated  to  redness,  becomes  partially  insoluble  in  water, 
and  the  solution  yields  by  slow  evaporation,  pyramidal  monoclinic  ciystuls  containing 
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8K«0.7Nb*0».32H*0.  A  solution  of  cither  of  the  preceding  salts  mixed  with  caustic 
potash,  and  slowly  evaporated,  yields  rhombo'idal  prisms  containing  3K'0.2Nb'0*.13HK). 

If  the  potash  used  contains  soda,  a  double  salt  is  formed  containing  %r  tQ  \  3Nb'0*. 

9H'0.  By  boiling  a  solution  of  fluoxyniobate  of  potassium  with  acid  carbonate  of 
potaseiurn,  an  acid  niobat«  is  obtained,  as  a  pulverulent  precipitate  containing 
k«0.3Nb«0».6H*0. 

The  niobates  ofsddium  are  crystaUine  powders  which  decompose  during  washing. 

4.  Fluoxyniohatea, — By  dissolving  niobic  add  in  hydrofluoric  acid,  an  oxy- 
flnoride  of  niobium  is  obtained,  having  the  composition  NbOF*,  and  forming  salts 
isomorphous  with  the  fluotitanat^,  fluostannates,  and  fluotungstates. 

Potassium-Bolts, — Marignac  has  obtained  five  of  these  salts  all  perfectly  crystallised, 
namely : 

o.  2KF.NbOP.H*0  crystallising  in  monoclinic  laminae. 

/3  SKF.NbOF*  „  cuboid  forms  (system  undetermined). 

7.  3KF.HF.NbOF»  „  monoclinic  needles. 

».  6KF.3NbOF».H«0         „  hexagonal  prisms. 

«.  4KF.3NbOF*.2HO        „  tricUnic  prisms. 

The  first  of  these  is  perfectly  stable,  remaining  unchanged  after  repeated  solution 
and  crystallisation,  and  may  therefore  be  regarded  as  the  normal  salt.  The  others 
are  produced  by  mixing  the  solution  of  this  normal  salt  with  neutral  or  acid  fluoride 
of  potassium,  or  with  excess  of  niobic  fluoride ;  but  when  either  of  them  is  redissolved 
in  hot  water,  the  flrst  crop  of  crystals  deposited  from  the  solution  Consists  of  the  normal 
fluoxyniobate.  All  these  salts  are  completely  insoluble  in  a  saturated  solution  of 
potassic  fluoride. 

Fluoniobate  of  potassium,  2KF.NbF*,  is  easily  obtained  by  dissolving  the  normal 
fluoxyniobate  in  hydrofluoric  acid,  and  separates  in  very  brilliant  acicular  monoclinic 
crystals.  When  flused  with  oxide  of  lead,  it  sustains  no  loss  of  weight,  and  is  therefore 
anhydrous. 

FluoxyniohateB  of  ammonium, — Marignac  has  obtained  tiiree  of  these  salts,  analogooa 
in  form  and  composition  to  the  first,  second,  and  fourth  of  the  potassic  fluoxynio^tes 
above  mentioned ;  also  a  salt  crystallising  in  rectangular  prisms,  and  having  the  com- 
position NH^F.NbOF*. 

A  solution  of  the  lamellar  fluoxyniobate  in  excess  of  warm  liydrofluoric  add,  deposits 
on  cooling,  groups  of  short  prisms  consisting  of  the  salt,  8Nri*F.NbF*.NbOF*. 

The  fluoxyniohates  of  sodium  have  not  been  obtained  in  definite  form,  but  there  appear 
to  be  two  of  them,  containing  2NaF.NbOF».2H«0  and  NaF.NbOP.H«0. 

Fluoxyniobate  of  zinc,  Zn"F".NbOP.6H*0,  forms  crystals  ooniposed  of  a  hexagonal 
prism  and  a  rhombohedron.  The  eopper-salt,  Cu'F'.NbOF'.iH^,  erystallises  in  mo- 
noclinic prisms. 

All  these  fiuoxyniobates,  with  the  exception  of  one  of  the  potassium-  and  one  of  the 
ammonium-salts,  of  somewhat  complicated  constitution,  have  their  corresponding  terms, 
as  regards  crystalline  form  and  chemical  constitution,  in  the  groups  of  the  fluotitanates, 
fluostannates,  fluotunestates,  and  fluoiEirconates,  the  fluorine  and  oxygen  repladng  one 
another  isomorphousTy ;  thus  the  adcular  potassium-salt,  SEF.HF.NbOl^, 'is  iso- 
morphous with  fluostannate  of  potassium,  3KF.HF.SnF^ ;  the  lamellar  ammonium- 
saln  2NH*F.NbOF»,  with  fluotun^t«te  of  ammonium,  2NB:*F. WO«F« ;  the  cubic 
ammonium-salt,  3NH*F.NbOF*,  with  fluozirconate  of  ammonium,  8NH*F.ZrF*,  &c- 
It  was  the  isomorphism  of  these  salts  which  first  led  Marignac  to  the  discovery  of  the 
true  Constitution  of  the  niobimn'^compounds. 
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Naphthalo-cyanic,  and  Naphthalo-tnl- 
phocyanic  adds  (a.  Cranate  and  Snl- 
phocyanate  of  Naphthyl,  p.  19). 
Naphthanieine  (s.  Oxynaphthylamine). 

Naphthesie  add 17 

Naphthionic  add — 

Naphthnlmin 19 

Naphthyl — 

Naphthylamine — 

Sslts  of  Naphthylamhie .  .    21 

Bromide  of  Ethyl-naphthyl-ammo* 

niom    ■..••*    22 
Iodide  of  Methyl-naphthyl-ammo- 

ninm — 

Snlphocyanate  of  Phenyl- naphthyl- 

ammooiom — 

Nftphthyl-carhamides    ....    — 
Naphthrl-diamines : 

m.  Asodinaphthyl -diamine  .    23 

^.    Gyano-dinaphthyl-diamine,   or 
Menaphthylamine  .        .    — 

Naphthyl-oxaniides  (s.  Oxamide). 
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Naphthyl-phosphamides  (a    Phoi^pha- 

mide). 
Naohthyl-sulpho-carbamides  (a.Sulpho- 

oarbamideY 
Naphthyl-tnaminefl : 

«..  Garbo-dinaphthyl-triamine,     or 

Menaphthylamine  ,    ifi 

Ik  Cvano-menaphthvlamine   .        .    24 
Naphthyl-urea     (e.     Kaphthyl-carba- 

mideir 

Naples  Yellow 

Napoleonite  (e.  Orthodase). 

Narceine _ 

Narretine 25 

Narcitine 

Narcogaoine — 

Narooteine  (s.  Nareetine). 

Narcotic  acid 

Na^rcotine 

SahaofNarcotine  .  .28 

Nasturan  (s.  Pitchblende). 
Natrium  (s.  Sodinm). 

Natrocalcite — 

Natrolite        ....  .29 

Natron   ......... 

Natron -spodamene  (a.  Oligodase). 

Naumannite 

Nectar — 

Needle-ore     • — 

Needle-spar  « — 

Needle-stone  ...  .       .    — 

Nefeline  (s.  Nephdin). 
NemaliU  (s.  Bnicite). 
Neoctese  (s.  Scorodite). 

Neolite — 

Neoplase 80 

Neotokite — 

Neotyne — 

Nephelin — 

Nephrite SL 

Neroli,  Oil  or  Essence  of       .       .       .    — 

NervousTissue — 

Nearolite 82 

Newiaoskita  (s.  Iridosmine,  iiL  824). 

Newkirkite — 

Nioene  (s.  Chloroniode  add,  L  921). 

Nickel 88 

Nickel,  Alloys  of 85 

Nickel,  Autimonide  of  .       .       .    _ 

,2 
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Nickel,  Antimonio-salphide  of  (s.  Nic- 
kel-glance). 

Nickel,  Arsenate  of      ....  86 

Nickel,  Araenidea  of     .       .       •       .  — 
Nickel,  Areenio-snlphide  of  (s.  Nickel- 
glance,  p.  48\ 
Nickel,  Bromide  of      .        .        .        .87 

Kickel,  Carbonate  of    .        .        .        .  — 

Nickel,  Chloride  of      .        .        •        .  — 
Nickel,  Detection  and  Estimation  of: 

1.  Blowpipe  Reactions  ...  — 

2.  Reactions  in  Solution  .  .  88 
8.  Qaantitative  Estimation  .  .  — 
4.  Separation  from  other  Metals  .  — 
6.  Analyses  of  Nickel-ores  .  .  89 
6.  Atomic  Weight  of  Nickel         .  40 

Nickel,  Emerald  . 
Nickel,  Fluoride  of       • 
Nickel,  Iodide  of  . 
14  ickel.  Nitride  of 
Nickel,  Oxides  of: 

Protoxide 

Sesqnioxide  or  Peroxide        .        .      41 
Nickel,  Oxychloride  of 
Nickel,  Oxygen -salt  8  of 
Nickel,  Oxyiodideof  <p.  40). 
Nickel,  Phosphide  of    . 
N  iekel,  Selenide  of       .        .        .        .42 
Nickel,  Silicate  of  (s.  Pimelite  and  Sili- 
cates). 
Nickel-linnieite    . 
Nickel -pyrites      . 
Nickel-vitriol 

Nicotic  acid 44 

Nicotine 

SalU  of  Nicotine   ....      46 

Methvl-nicotine    .        .        •       •      47 

Ethyl-nicotine       ....      48 

Amy  1' nicotine 

Nigellin 

Nigric  acid 

Nigrin  ...... 

Nihilnm  album    .... 

Ninaphtase,  Ninaphtese,  Ninaphtise 

Ninaphthylamine 

Niobite.        ..... 

Niobium 

Niobium,  Bromides  of .        .        .        .49 
Niobium,  Chlorides  of  . 

Niobous  Chloride  ....      60 

Niobic  Chloride     . 
Niobium,  Detection  and  Estimation  of: 

1.  Reactions . 

2.  Estimation  and  Separation  «  61 
8.  Atomic  Weight         ...      62 

Niobium,  Fluorides  of  . 
Niobium,  Nitrides  of  . 
Niobium,  Oxides  of 

Niobous  Oxide  or  Anhydride        .      68 
Niobites  of  Potassium  and  So- 
dium       64 

Niobite  of  Iron  and  B^anganeae 

Columbite        .        .        . 
Niobites  of  Yttrium :  Fer^^uonite, 

TyritCf  Bragite        .        •         .66 

tJrano- niobite  of  Yttriuni  and 

Iron :  Saintjrskite 

Niohic  oxide  or  Anhydride   .        .      66 

Niobate8ofi'ota8.^um  and  Sodium  — 

Niobate  of  Calcium,  Cerium,  &c 

Pyrachhre      ....      67 

Niobium,  Sulphides  of . 

Nipholite      ......      68 


TAom 

Nithralin 5$ 

Nitracrol       ......     

Nitramarine  (s.  Amarine). 

Nitramidin 

Nitranides 

Nitraniline  (s.  Phenvlamines). 

Nitraniaic  acids  (a.  Anisic  add^  i.  802). 

Nitraniside  (s.  Anise,  Oil  of,  i.  298). 

Nitranisidine  (s.  Anisidine,  L  804). 

Nitranisol  (s.  Anisol,  i.  805). 

Nitrates  (p.  82). 

Nitratin — 

Nitrazophenylamine  (s.  Phenylamines). 

Nitrazopbenyl-citraconamic  acid,  and 
-dtraconamide  (s.  Phenylamines). 

JM 1  ire    .......      '"^ 

Nitric  acid  (s.  Nitrogen,  Oxide  of,  78). 

Nitricum  (a.  Nitrogen). 

Nitrides — 

Nitriles — 

Nitrindin  (a.  Indin). 

Nitrites  (p.  70). 

NitrO'azobenzene  (s.  Azobenzene,  i. 
478). 

Nitrobenzamides  (s.  Benzamide,  i.  641). 

Nitrobenzanilide  (a.  Phenylamines). 

Nitrobenzanisidide  (a.  Anisidide,  i.  804). 

Nitrobenzenea 69 

Nitrobenzoene  (s.  Benzyl,  Hydride  dt, 
i.674). 

Nitrobenzoic  acids  (s.  Benzoic  add,  i. 
466). 

Nitrobenzonitrile  (s.  Benzonitrile,  and 
Snlphamidobenzamine). 

Nitrobenzoyl,  Peroxide  of  (s.  Per- 
oxides^. 

Nitrobenzone,  or  Nitrobenzophenone  (a. 
Benzene,  L  662). 

Nitrobenzoyl-benzoin  (b.  Benzoin,  i 
66O;. 

Nltrobromo-phenic,  or  '-carbolic  acid 
(a.  Phenol,  Derivatives  of). 

Nitrobutyronic.  acid  (a.  Batyronitric 
acid,  i.  698). 

Nitrocaldte — 

Nitrocapric  add — 

Nitrocarbolic  add  (s-  Phenol,  Deriva- 
tives of). 

Nitrocellulose  (a.  CeUnloae,  L  819,  and 
Pyroxylin). 

Nitrodilorobenzene  (a.  Phenyl,  Chloride 

oO. 
Nitrochlorohenzoic  add       ...      60 
Nitrochloronicdcadd  and  Nitrochloro- 

nicene  (s.  Cbloroniodc  add). 
Nitrocholic  add   .....— 
Nitrochrysene  (a.  Chipniene,  i.  968). 
Nitrodnnamene  (s.  Cumamene,  i.  988) 
Nitrocinnamicadd  (a.  Ginnamic  add,  i 

988). 
Nitrocinnamide  (s.  Cinnamide,  L  989). 
Nitrocinnanisidide  (L  804,  989). 
Nitrococcuaic  add        •       .       •       •      — 
Nitrocodeine  (a.  Codeine,!.  1068). 
Nitroconmarin  (a.  Conmarin,  ii.  94). 
Nitrocumene  or  Nitrocomol  (a.  Cnmene, 

ii.  174). 
Nitrocresylic  add  (a.  Creaylic  Alcohol, 

ii.  207). 
Nitrocumenylamine  or  Nitrocnmidine 

(s.  Cumenylamine,  ii.  176^. 
Nitrocuminic  add  (s.  Cumioic  acid,  L 

178). 
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Kitrocymene  or  Kitrocymol  (a.  Gymene, 

iL  296). 
Nitrodroconesic  add  (syn.  with  Nitra- 

nL«ic  add). 
Nitro-dichloropbenic  add  (a.  Phenol* 
Derivatives  of), 

Nitrodracylamide 60 

Nitrodracylic  add        ....      — 

Nitrodivcylic  ethera     ....      61 

Nitro-erythromannite  (a.  Erythroman- 

nite,  il.  505). 
Nitroethylic  acid  (Di-)        .        .       .      — - 
Nitroeoxaothio    add    (a.    Eoxanthic 

add,  ii  610). 
Nitroferricyanidea  (a.  Cyanides  of  Iro% 

iL  250). 
Nitroform  (s.  Nitromethides). 
Nitrofrangulic  add  (s.  Frangolic  add, 

ii.  767). 
Nitrogen  ......      62 

Nitrogen,  Boride  of  (&  Boron,  Nitride 

of,  i.  685>. 
Nitrogen,  Bromide  of  .        .  .64 

Nitrogen,  Chloride  of  .        .        .       •      -— 
Nitrogen,  Chlorophoephide  of  (a.  Phoe- 

phoms,  Chloronitride.of). 
Nitrogen,  Chlorosulphide  of        .       .      '— 
Nitrogen,  Detection  and  Estimation  of      65 
Nitrogen,  Iodide  of  (s.  lodamides,  iiL 

280). 

Nitrogen :  Oxides  and  Oirrgen-adds        66 

Protoxide  or  Nitrons  Oxide  .       •      67 

Dioxide  or  Nitric  Oxide       .        .      68 

NitroosAnhydride,  Add,  and  Salts      69 

Nitrites,  Metallic        ...      72 

Nitrites,Alcoholic :  NitromEthen      75 

Nitric  Peroxide  or  Tetroxide  of 

Nitrogen — 

Nitric  Anhydride,  Add,  and  Salts      77 
Nitric  add         ....      78 

Nitrates 82 

Reactions  of  Nitrates  .      83 

Quantitative  analysis  of  Ni- 
trates: Estimation  of  Nitrio 

add 85 

Nitrates  of  Alnmininm,  Ammo* 

ninm,  and  Barium ...  89 
Nitrates  of  Bismuth  ...  90 
Nitrate  of  Qesinm  (s.  Cassium, 

i  1115). 
Nitrate  of  Cadmium  ...  — 
Nitrate  of  Caldnm  ...  — 
titrates  of  Cerium  .  .  .91 
Nitrates  of  Chromium  .  .  — 
Nitrates  of  Cobalt  .  .  .  — 
Nitrates  of  Copper,  Didymium, 

Erbium,  and  Ulucinum  .  .  92 
Nitrate  of  Gold  ....  93 
Nitrates    of   Irid-ammoniums 

(uL  824}. 
Nitrates  of  Iron  ....      — 
Ferric  Aceto-nitrates     .       .      — 
Nitrate  of  Lanthanum       .        .      94 
Nitrates  of  Lead        .        .        .      — 
Formonitrate  and  Phosphoni- 
trate  of  Lead       ...      95 
Nitrates  of  Lithium,  Magnesium, 

and  Manganese      ...      — 

Nitrates  of  Mercury : 

a.  Mercuric  Nitrate        .        .      — 

Double  salts  of   Mercuric 

Nitrate    ....      96 

fi.  Mercurous  Nitrate     .  — 
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Nitrogen: 

Double  salts  of  Mercorona 

Nitrate    ....      97 

Nitrates  of  Molybdenum   •       •      — 

Nitrate  of  Nickel       .       .        .      -^ 

Ammonio-nitrates  of  Nickel  .      98 

Nitrates  of  Osmium,  Palladium, 

and  Platinum        ,       «       .     _ 
Nitrate  of  Potvsium : 
Natural  Formation        .       .      — 
Purification  of  the  native  aalt      99 
Preparation  firom  Chile  Salt* 

petre  .  •  .  .  .  100 
Properties  ....  — 
Valuation  ....  101 
Nitrates  of  RhodinmandRnbidlnm  104 
Nitrate  of  Silver  ...  — 
Nitrate  of  Sodium  ...  105 
Nitrates  of  Strontium,  Terbium, 

Thallium,  and  Thorinum       .    106 
Nitrates  of  Tin,  Uranium,  Vana- 
dinm,Tttrium,  Zinc,  and  Zirco- 
nium        107 

Aieohoiic  NitraUB;  NUrie  ethers :  — 
Nitrate  of  Amyl  .  .  .108 
Nitrate  of  Ethvl  .  .  .  — 
MercurethyUc  Nitrate  .  — 
Nitrate  of  Methyl  .  .  .109 
Nitrate  of  Octyl  .  .  .  — 
Nitrogen,  Phosphides  of  (a.  Phosphor- 

osamides,  p.  499). 
Nitrogen,  Snlphide  of  .        .       .       .      — 
Nitrogenium  (s.  Nitrogen). 
Nitvogentianic  add  (a.  Gentianic  add, 

iL830). 
Nitroglycerin  (s.  Glycerin,  ii.  890). 
Nitroharmaline  (s.  Harmaline,  iii.  9). 
Nitroharmine  (s.  Harmine,  iii.  11). 
Nitrohnmatic  acid  (s.  Picramic  add, 

p.  406) 
Nitrohelenin  (s.  Helenin,  iii.  188). 
Nitrohippuric  add  (s.  Hippuric  acid, 

iii.  IGl). 
Nitrohuroic  add  (s.  Ulmic  arid). 
Nitrohydurilic  add  (s.  HyduriUc  add, 

iii.  221). 
Nitro-inodte  (s.  Inosite,  iii.  276). 
Nitro-iodic  acid  or  Anhydride  (s.  Iodic 

acid,  iii.  299). 
Nitrolactic  add    (s.  Milk-sugar,   tlL 

1024). 
Nitroleocic  add  (s.  Lendne,  iii.  582). 
Nitromannite  (s.  Mannite,  iii.  825). 
Nitromaric  add  (s.  Pimaric  add,  pb 

645). 
Nitromeconin  (s.  Meconin,  iii.  863). 
Nitromelaniline  (s.  Melaniline,  under 

Phenyiamines,  p.  464). 
Nitromesidine      i  (s.  Mesitylene,  iiL 
Nitromesitylenesj      980). 
Nitrometacetonicadd(s.Propionicadd). 
Nitromethides: 

Nitroform,    Bromonitroform,   Te- 

tranitromethide .        ,        .        .    110 
Cyanonitromethide  or  Nitraoeto- 

nitrile Ill 

Cyanodinitromethide  or  Dinitra- 

cetonitrile  ....  — 

Cyano-trinitromethide  or  Trinitra* 

cetonitrile — 

Cyano-dibromonitromethide  orDi- 
bromonitraceto-nitriie        .        .      — 
Nitromethylic  add  (Di-).    .       .       .     .^^ 
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KitromnriAtic  acid        .        .        .        .111 
NitronaphUulenM    (s.    Kaphthalene, 

p.  15). 
Nitro«oxybeosoic  acid  (a*  Ozybenzoio 

add,  p.  295^. 
Nitropapavenne  ^a.  Papaverine,  p.  838). 
Nitropetrol-diamme  ^a.  Petrol,  p.  H82^. 
Nitropeacedamide  ana  Nitropeucednnm 

(s.  Peucedanin,  p.  388>. 
Kitrophenamic  acid      .        .        .       .112 
Kitrophenamjliditie     .        .        .        .      — 
Nitrophenesic  acid)  (a.  Phenol,  pp. 894, 
Nitropheniaic  acid  j     897). 
l^itrophenoic  acid  (a.  Pbenoic  acid«  p. 

888). 
Ititrophenol  (s.  Phenol,  p.  894). 
Nitrophenylamine  (a.  Phenjrlaiuine,  p^. 

440). 
Nitrophenyl-carbamidee  (s.  Carbamide, 

i.  766). 
liitrophenylene-diamine  (s.  Phenylene- 

diamineSfp.  481). 
Nitrophenyl-pyrotartramic     acid     (a. 

Pjrotartramic  ethers). 
Nitrophenylisulphuric  and  -sulphurous 

ethers  (a.  Sulphuric  and  Sulphuroua 

ethers). 
Nitrophforetin  (s.  Phloretin,  p.  492). 
Nitrophloroglucin  (s.  Phloro^luciu,  p. 

496). 

Nitrophthalene — 

l^itrophthalic  add  (a.  Pthalic  acid,  p. 

629). 
Nitrophthalinic  add     .  .       .113 

Nitropianyl  (a.  Meconin,  ill.  803). 

Nitropicric  acid — 

>iitropicrotozine    (s.   Picrotoxine,    p. 

644). 
Nitroproplonic  add  (a.  Propionic  acid). 
Nitropruasidea  (s.  Cyanides  of  Iron,  ii. 

250). 
Nitropyrene  (sw  Pyrene). 
Nitroraceraic  acid  (s.  Racemic  acid). 

Kitrosaccharoaa -— 

Nitroaalicylamide  (s.  Salicylamides). 
Nitroealicylic  add  (s.  Salicylic  add). 
Nitrosalicylides   (s.    Salicylous    add, 

Deriratiyes  of). 
Nitroao-^compounds       •       .        .        .      — 

Nitrosethylin 114 

Nitroso-malonic  add    ....      — 

Amido-malonic  add      .        .        .115 

Nitrosonaphthalin        ....      — 

NitroBopheuylin — 

Nitroeopiperidine  (a.  Piperidine). 

Nitrososnlphates 116 

Nitrostilbic  acid — 

Nitroatyrol  (».  Cinnaniene). 
Nitrosulphalic  acid       .        .        .        .      — 

Nitroanlphatea — 

Nitroaulphides  of  Iron  (s.  Tron.iii.  391). 
Nitrosulphobenztde  (s  Sulphobenzide). 
Nitronlphobenzidic    acid    (s.    Nitro- 

phenyl- sulphurous  acid). 
Nitrosulphoc^molic  add  (s.    Sulpho- 

cymolic  acid). 
Nitroeulphonaphthalic  acid  (a.  Sulpho- 

naphthalic  acid). 
Nitrosulphotoluolic  add  (s.  Sulphotol- 

uylie  Mcid). 
Kiirosulpboxylolic  acid  (s.  Salphoxyl- 

olic  acid). 
Kitronyl,  Ohloridea  of  •       •  .      — 
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Nitrotartaric  acid  (s.  Tartaric  add). 
Nitrotheine  (s.  Cbolestrophane,  i.  926). 
Nitrotnluene  or  Nitrotoluol  (a.  Bensyl, 

Hydride  of,  i.  574). 
Nitrotoluidine  (a,  Bensylaniine,L576). 
Nitrotolnylamiae  (s.  Tolnylamida). 
Nitrotoluylic  add  (s.  Toluvlic  add). 
Nitrotyrodne  (a.  Tyrosine). 
Nitrovalerianic  add  (8.yaleriaiiic  acid). 
Nitroveratric  add  (s.  Yeratric  add). 
Nitroveratrol  (s.  Veratrol). 
Nitroxamylene  {b,  Amylene,  L  208). 

Nitroxamylene^  Nitroxyaolphide  or    •  117 
Nitroxin  or  Nitroxvl  (s.  NitryF). 
Nitroxybenaoic  add  (a.   Oxybeaadc 

acid,  p.  295). 
Nitroxylene  or  NitroxyUd  (a.  Xylene). 

Nitroxynaphthalic  add       ...  — 

Nitrum 118 

Nitryl  ...                .        .        .  — 

Nomenclature: 

Hbtorical  Notices .        .        .        .  — 

Nomenclature  of  Inorganic  bodiea  122 

Nomenclature  of  Omnic  bodiea  .  127 

Nomenclature  of  uroupa    .        .129 

Nomenclature  of  Functiona       .  J  30 

Alcohols — 

Adda 132 

Terminationa     ....  133 

Literature 134 

Xontrouite    ......  — 

Nonyl — 

Nonyiamine — 

Nouylene — 

Chloride  and  Bromide  of  Nonylena  135 
Nonylic  alcohol  (s.  Nonyl,  p.  132). 

Nordenakldldite    .        ...        .  — 

Norite  •.....•  — 

Nnrium — 

Nosean — 

Notation 13t> 

Eariy  Symbols      ....  — 

Bergman'a  Svmbols  ...  — 
Lavoiaier'a  Notation                      .137 

Notation  of  Uaasenfratz  and  Adet  lo8 
NoUtion  of  Berzeliua  .  .  .139 
Notation  in  actual  use  .                .140 

Notite 142 

Nucin — 

Nuclein 113 

Nucleus  Theory — 

Numbers,  Law  of  Even  (s.  Classifica- 
tion, i.  1011). 

Nustfierite 145 

Nut  oils — 

Nutmeg  oils — 

Nutrition,  Animal  ...... 

On  the  nature  of  food    .       .       .  147 

Dietetica — > 

General  Lawa  of  Nutrition    .        .148 

A.  Statics — 

B.  Dynamica  .  .  .159 
Nutrition  of  Planta.  .  .  .  162 
Nuttalite  (a.  Scapolite). 

Nux  vomica  (s.  Stiychnoe). 

Nyniphsa 169 


Oats  Cs.  Cereals,  i.  823). 
ObsMian  and  Pumice  . 
Ochran .... 
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Ochre 

Ochroite       .... 
Ochota  Oil  or  Camphor 
Octahedrite  (s.  Anatase,  L  389). 

Octyl 

Octyl,  Bromide  of 
Octyl,  Chloride  of 
Octyl,  Hydrate  of 
Octyl,  Hydride  of. 
Octyl,  Iodide  of  . 
Octyl,  Ozide  of  . 
Octyl,  Sulphide  of 
Octyiamine  .... 
Octylene       .... 

Meta-octylene 
Octylene^  Acetate  of 
Octylene,  Bromide  of    . 
Octyleoe,  Hydrate  of    . 
Octylene,  Hydrato -chloride  of 
Ocuba  wax  .... 

Odm^rl 

Odonne        .... 


Odontnlite  (e.  Turqooie). 
(Eoanthic  add  and  Ether 

Chlonsnanthic  acid  and  Ether 
(Enanthol 

Metoenanthol 
(Enauthyl    . 
OSnanthyl,  Chloride  of 
(Enanthyl,  Hydride  of. 
(Enanthylacetone  (s.  (Enaathylone). 
CEnanthylamide  . 
CEnanthylene  ^e.  Heptylene). 
CEnanthylic  acid  . 

CEnanthylatei 
(Enantbylic  Anhydride 
(Enanthylic  Ethers 
CEnantbylo-benzotc  Anhydride 
CEnanthylo-cuminic  Anhydride 
(Enanthylone 

CEnantbyl-salphuric  acid     . 
^nanthyloua  acid        .       . 

CEnoi 

(Eiiolin         .... 
GSnometer    .... 

CEoyl 

(Erstedtite   .... 

OffaHelmonUi     . 

Ogeotte  (8.  £ipidolit«> 

Oil  Gas         .  •      . « 

Oil,  Genessee  or  Seneca 

Oil  Mineral  .... 

Oil  of  Vitriol 

Oil  of  Wire  (s.  Etherin,  ii.  607). 

Oils     ..... 

A.  Fat  or  Fixed  oils: 
Yegetnble  oils,  Drying  and  Non- 


PAOB 

170 


171 
172 


173 


174 


176 
177 


178 


179 


drying 

.    181 

Fish  oils    .... 

,     — 

Otber  Animsl  oils      . 

— 

«.  Oil  of  Ants 

— 

fi»  Oils  fh>m  Egg-yolk  . 

— 

Y  Lard-oil     .        •        .        < 

»      — 

a.  Neat's-foot  oil     . 

^-. 

fr  Oil  of  Silkworms 

_ 

Adulteration  of  Fat  oilf . 

i^ 

B.  Tolatileoiis: 

Occurrence         .        .        •        . 

.    182 

Preparation       .       .       .       . 

.    184 

PrM)erties  ,        .       .        .        . 
Table  of  Specific  Gravities  and 
Optical  Properties 

,    185 

I 

186 

Hydrocarbons  from  Volatile  oils 

187 

PAOB 

Oils: 

Decompositions .  •  •  .  188 
Combinations  .  .  •  .189 
Adulterations     .        .        •        .190 

Oisanite 191 

Okenite 

Oleamide 

Oleandrine  Cs  Pseodocorarine,  p.  748) 

Oleene  (s.  Nonylene). 

defiant  gas  (s.  Ethylene). 

defines 192 

Oleic  acid — 

Oleates 193 

Acids  related  to  Oleic  acid : 

a.  Hydroleic  and  Metoleic  acids  195 

P,  ElaXdic  acid  .        .       .       .  — 
Oleic  Ethers : 

Oleate  of  Ethyl     .        .        .        .  — 

Oleate  of  Methyl    .        .        .        .  ^ 
Oleates  of  Glyceryl:  3f<mo-,  Di- 

and  Tri-o/etn      .        .        ,        .  .^ 
Oleate  of  Mannityl        .        .        .196 
Olein  (8.  Oleic  Ethers). 
Oleone  ....,.',— 

Oleophoephoric  acid     ....  — 
Oleum  Animale  Dlppelii      .        .        .197 

Oleum  Jecoris  Aselii     ....  — 

dibanum     ...••.  198 
Olidicacid    ......— 

Oligistic  iron 

Oiigoclase — 

Oligon-spar 199 

dive — 

Olive  oil — 

Olivenite 200 

Olivenold — . 

Olivil — 

Olivin 201 

OliviruUn 202 

Olivite — 

Omichmyl,  Ozide  of     .       .        .       .  — 

Omphazite — 

Oregite -.- 

Onkoein — 

Onocerin -^ 

Onofrite 

Ononetin — 

Ononide 203 

Ononin _ 

Ononis.        .        .        ,    •    .        ,        .  — 

Onospin -. 

Onvx 204 

Oolite 

Oosite .  — . 

Opal __ 

Opal  Allophane 205 

Opiiiolite — 

Ophite  (s.  Serpentine). 

Ophitoue _ 

Opiammone — 

Opianic  acid 

Opianates 206 

Opiano-sulphurous  acid        .        .  — 

Sulphopianic  acid ....  — 

Opianic  acd.  Amides  of       .        .        .  — 

Opiammone 207 

Teropiammone       .        .        •        .      

Opianic  ether  (s.  Opianates). 

Opianine? _ 

Opiano-sulpharons  add  (p.  206). 

Opianyl        ..,,.,—. 

Opium .». 

Opium  fat 208 
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Opium  mnrr         •        .        .     "   .        .    l?l>8 

Opium  resin 

Opobalsam — 

Opodeldoc    .  .        .        .        .      — 

Opopanax 211 

Opsimose — 

Orange  (s.  Citrns,  ii.  1002). 
Orangite  (a.  Thorite). 
Orcein  .        .        • 
Orchella  weeds     . 
Orrhil  . 
Orchis  . 
Orcin    . 

SubtHtuHon-derivatives  of  Orcin : 
Bromorcin,  Tribromorcin  .        .    218 
Trichlorordn,  Tri-iodorcin        .    214 

Compounds  homologouM  with  Orcin 

Reaorcin     .....    215 
Orellin  . 
Oreoselin 

Oreoaelone 216 

Organic  Analyaia  (a.  Analysis,  i.  225). 
Organic  Chemistry       .        .        .        .      — 
Oi*gano-metallic  JSodies       .        .        .217 

Formation 218 

Properties 228 

Fotassiom,  Sodium,  and  Lithium 
series — 

Magnesiom  series  .        .    224 

Aluminium  series 

Zinc  series 225 

Cadmium  series ....    226 

Tin  series  . 

Bismuth  series  .        .       .       .228 

Lead  series 

Mercuric  series 

Antimony  series        .        .        .    229 

Arsenic  series     ....    230 

Tellurium  series         .  .233 

Constitution    of  Organo^metallic 

Bodies — 

Organum  (see  Marjoram). 
Oropion  (s.  Rock  salt). 

Orpiment 235 

Orseille  (s.  Archil). 

Orsellesic  acid  (s.  Orsellinic  acid). 

Orsellic  acid — 

Orsellinic  acid — 

Oniellinic  Ethers 236 

Orthite 2;>7 


Orthocarbonate  of  Ethyl 
Orthoclase  (s.  Felspar, 'ii.  619). 

Ortho-salts 

Orthose  (s.  Orthoclase). 
Osman-osmic  add  (s.  OsmJamic  acid). 
Osmazome     ...... 

Osmelite  (s.  Pectolite). 

Osmiamic  acid      ..... 

Osmiamidd 

o::i:r.dd}  (pi^  ^46. 246). 

OAmiridium  .... 
Osmitopsis,  Oil  of. 
Osmium      .... 
Osmium,  Chlorides  of  . 

Dichloride,  Trichloride  . 

Tetrachloride 

Uexchioride  . 
Osmium,  Detection  and  Estimation  of. 
Osmium,  Oxiiles  of      ...        . 

Protoxide.    Se.squinxido.  Dioxide 

Trioxide.    Tetiuxide    . 


238 


239 


240 
241 

242 

2^3 
244 

24o 


2^0 


Osmium.  Sulphides  of  .        .        .        « 
Ortinium^bases,  Ammoniacal 
Osmose  (s.  Liquids,  iii.  718). 
Ossein  (s.  Bone-cartilage,  i.  619). 

Osteolite 

Ostranite 

Ostreocolla 

Othvl 

Otobafat 

Ottrelite 

Ouvaroyite 

Owala 

Owenite 

Oxabenzidide 

Oxacaldte 

Ozacetic  add  f  s.  Glycollic  add,  iL  909). 

Oxalacetic  ada 

Oxalan  (s.  Oxaluramide,  p.  277). 

Oxalantin 

Oxalicacid 

Oxalates 

Oxalate  of  Aluminium  . 
Oxalates  of  Ammonium 
Oxalate  of  Antimonj 
Ammonio-,  Potassio-,  and  Sodio- 
antimonic  Oxalates 
Oxalates  of  Arsenic 
Oxalates  of  Barium 
Oxalates  of  Bismuth 
Amnionic-    and  Sodio-bismnth 
Oxalntes         ... 
Oxalates  of  Cadmium   . 
Oxalate  of  Cadmammonium . 
Ammonio-cadmic  Oxalates 
Potassio-cadmic  and  Sodio-cad 
mic  Oxalates . 
Oxalate  of  Calcium 
Oxalates  of  Cerium 
Oxalates  of  Chromium . 

lloubie  Salts      . 
Oxalates  of  Cobalt 
Potassio-cobaltons  Oxalate 
Oxalate  of  Cobalt-nick  el -ammo 
nium      .... 
Oxalates  of  Copper 
Oxalate  of  Didymium  . 
Oxalate  of  Glucinum     . 

A  mmonio-  glucinic  Oxalate 
Oxalntes  of  Iron: 

Potassio -ferrous  Oxalate  . 
Ammonio-ferric  Oxalate   . 
Baryto-,  Calcio-,  Potassio-,  So 
<lio-,  ond  Strontio-fcrric  Oxa 
lates       .... 
Oxalate  of  I^ianthanum . 
Oxalates  of  Lead: 
Potasaio-plumbic  Oxalate. 
Oxal<)*nitrates  of  Lead      . 
Oxalates  of  L<ithium 
Oxalates  of  Magnesium 
Animonio-magnesic  Oxalates 
Potassio  magnesic  Oxalates 
Oxalates  of  Manganese 
Amnionio-manganousOxalates 
PutasMio-,  and  Soilio-mauganoas 
Oxalates 
Oxalates  of  Mercury     . 
Animonio-mercuric  Oxalate 
Oxalate  of  Tetramercurammo- 

nium  (iii.  918). 
Putnssio-morcuric  Oxalate 
Ox.'ilatos  of  Molybdenum 
Oxalate  of  Nickel .        .        •        . 


.\<SR 

247 


248 


261 


252 
2.53 


254 

255 

2.56 
2.57 


258 


259 


260 
261 
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Oxalic  acid : 

Ammonio-nickel  Oxalates 
Oxalate  of  N  ickel-cobalt-ammo 
niam  (p.  268). 
Oxalate  of  ralladinm    . 

Ammonia-pal ladions  Oxalate 
Oxalates  of  Platinom    . 
Oxalates  of  Potassium  . 
Oxalates  of  Rubidium  . 
Oxalate  of  Silver  . 

Ammonio-oxalate  of  Silver 
Oxalates  of  Sodium 
Oxalate  of  Tantalum?  . 
Oxalate  of  Tellurium?  . 
Oxalates  of  Thallium    . 
Oxalate  of  Thorinom    .- 

Potassio^thorinic  Oxalate . 
Oxalates  of  Tin 
Am  monio-  and  Potassio-stannous 
Oxalates 
Oxalate  of  Titanium 
Oxalates  of  Uranium 
Ammonio*  nranous  Oxalate 
Ammonio-  and  Potaasio-nranic 
Oxalates 
Oxalate  of  Vanadium   . 
Potassio-vanadic  Oxalate  . 
Oxalo-vanadic  add    .       • 
Oxalate  of  Yttrium 
Oxalate  of  Yttrium  and  Potas- 
sium   '.  •       •       •       ■ 
Oxalate  of  Zinc     .       .       • 
Oxalate  of  Zinc  and  Ammo- 
nium     .... 
Oxalate  of  Zinc  and  Potassium 
Oxalic  acid.  Amides  of 
Oxalic  Ethers       .... 
Oxalate  of  Allyl    . 
Oxalates   of  Amyl,  neutral  and 

acid 

Oxalates  of  Ethyl: 
Neutral  Ethylic  Oxalate: 
Oxalic  Ether  . 
Perchlorethylic  Oxalate 
Ethyl-roethylic  Oxalate 
Ethyloxalic  acid 

Pentachlorethyloxalic      or 
Chloroxalovinic  acid 
Oxalate  of  Ethylene 
Oxalates  of  Methyl : 
Neutral  Methyfic  Osalate 
Cbloromethylic  Oxalates 
Compounds    produced    by   the 
action  of  Zinc-ethyl,  &c.  on 
the  Oxalic  Ethers 

1.  Diethoxalic,  Diethoglycol 
lie,  or  Leucic  ether     . 

2.  Dimethoxalic   or   Dietho- 
glycollic  acid 

8.  Ethomethoxalic  or  Etho 
methoglycollic  acid     . 

4.  Amhydroxalic  or  Amogly 
collie  acid   . 

5.  Ethamuxalic  or    Ethamo 
glycollic  add 

6.  Diamoxalic  or  Diaraogly 
collie  add   . 

7.  Products  of  the  action  of 
Zinc  on  a  mixture  of  Amy 
lie    Oxalate    and  Aniylic 
Iodide. 

Oxalite 

Oxalmethylovinidc  (p.  271). 


262 


268 
264 


267 
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268 


269 
270 
271 


272 


273 
274 
275 

276 


277 
278 


279 

280 

281 


282 
284 

285 


277 


Oxalovinic  add  (&  Ethyl- oxalic  add, 

p.  271). 
Oxalnramide        .       •       •       «       . 

Oxaluranilide 

Oxalnric  add       ..... 
Oxalvinomethylide  (p.  271). 
Oxamethane   (s.    Ethylic    Oxamatet 

p.  280S. 
Oxametnylane  (s.  Methylic  Oxamate. 

p.  281). 
Oxamicacid         .... 
Oxamates     .       .       .     •  . 
Oxamio  Ethers     .... 
Amylic  Oxamate  or  OxamyUme 
Ethylic  Oxamates: 
Oxamethane 
Chloroxamethane 
Ethyloxamic  add 
Ethylic  Diethyloxamate    . 
Methylic  Oxamates : 
Oxamethylane  .       .        . 
Methyloxamic  acid    . 
Ethylic  Dimethyloxamate 
Phenyloxamic  or  Oxanilic  add 

Oxamide 

Dimethyloxamide . 
Diethyloxamide    . 
Diamyloxamide     .        .       « 
Naphtbyl-oxamides : 
Dinaphthyl-oxamide    or   Oxa- 
naphthalide    .... 
Cyanodinaphthvloxamide       or 
Menaphthoximide   . 
Phenyloxamides : 
Monophenyloxamido  or  Oxani- 
lamide     ..... 
Diphenyloxamide  or  Oxanilide . 
Cyanodiphenyloxamide  or  Me- 
lanoximide     «... 
Oxanaphthalide )  f^  qdcn 
Oxanilamide      /  ^P"  2^> 
Oxanilic  add  (s.  Phenyl- oxamic  acid, 

p.  28 1\ 
Oxanilide    (a.    Diphenyloxamide,    p. 
286). 

Oxaniline 287 

Oxanthracene  (s.  Paranaphthalene). 

Oxatolylic  acid — 

Oxethyl 288 

OxetUylene-bases  (s.  Ethylene-bases, 

ii.  698). 
Oxcthy  1-triothyl-phosphoninm  (s.  Phos- 
phorus-bases). 
Oxhaverite  (s.  Apophyllite,  L  267). 

Oxonic  acid 

Oxuric  add 

Oxyacanthin  .... 
Oxyacanthine  .... 
Oxyanisamic  acid 

Diazoanis-oxyanisamic  or  Diq^so- 
anis-amidanisic  add  . 
Oxybenzamic  add 

Acetoxybenzamic  add  . 

Benzoxybenzamic  acid . 

Diazobenzo-oxybenzamic  or  Dia 
zobenzo-amidobenzoic  acid 

Diazobeozoic  acid . 

Diux3'benzamic  add 
Oxybenzodiamide        .       •       « 


286 


289 


290 
291 
292 


294 
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295 


299 
803 


807 
809 
811 
812 


Oxybenzoic  acid  .... 

lodoxybenzoic  acid 

Nitroxybenxoic  acid 

Trinitroxybensoic  acid  .  .    296 

Oxybutyric  acid  .... 
Oxybutyroxvi-propioiiic  ether  . 
Oxycarboxylic  acid 

Carboxylic  acid     . 
OxycarmiDic  add 
Oxychloiic  acid  (a.  Perchloric  acid,  L 
910V 

Oxychloridea — 

Oxychlorocarbonic  add  (a.  Chloride  of 
Carbonyl,  i.  774). 

OxydDchonine — 

Oxycobaltic  8alt8(B.  Cobalt-baaea,  Am- 

moniacal,  i.  1056). 
Oxvcrooooic  add  (a.  Leuconic  acid,  iiL 

684). 
Oxycuniinamic  acid     ....    297 

Diazocumin  oxycaminamic  add   . 
Oxycuminicacid  (8.Caminicacid,ii.  179). 
Oxydibromopheoyl-aulphttric  add 
Oxyflaoridea        .... 
Oxygen 

Active  OxYffen  or  Ozone 

Oxides  and  Hydrates    . 
Metallic  Oxides  and  Hydrates 
their  Classification . 

Occurrence  and  Formation  of  Me» 
talltc  Oxides 

Peroxides  of  Organic  Radicles 
Oxygen,  Detection  luid  Estimation  of 
Oxygenated  Water 

Oxygenold 

Oxyguanine 

Oxygummic  acid  .... 
Oxyhippuric  acid .... 
Oxy-hydrogen  Blowpipe 
Oxyiodic  acid  (s.  Periodic  acid,  iiL  807]^ 

Oxylisation 813 

Oxylizaric  add  (s.  Pnrpnrin). 
Oxymethyl-carbonic  acid 
OxymethVl-triethyl-  phosphonium 
Oxymorphine        .... 
Oxynaphthalic  acid      . 

Chloroxynaphthalic  and  Perchlor 
oxynaphthalic  acids  . 
Oxynaphthyi,  Chlorides  of  .        .        .    814 

Chloride  of  Chloroxynaphthyl  and 
Chloride  of  Perchloroxynaphthyl      — 
Oxynaphthylamine      ....      — 
Oxyparatartaric  acid    ....    815 
Oxypeucedanin  (s.  Peaoedanin). 
Oxyphenic  acid — 

Acetoxyphenic  and  Benzoxyphenic 

adds 817 

OxyphenyN sulphuric  add  .  •  •  — 
Oxyphorphyric  add  .  •  •  •  -^ 
Oxypicric  add  .....  — 
Oxypinitannic  acids  .  •  »  .  819 
Oxyporphyric  add  (s.  Porphyric  acid). 
Oxyprotein  (s.  Protein). 
Oxypyrolic  add    .....— 

Oxyquinine 820 

Oxyrrophone — 

Oxysalicylic  acid — 

Dioxysalicylic  or  Gallic  add        .      — 

Oxysalts — 

Oxysirychnines — 

Oxysulphides — 

Oxysulphocarbonic  Ethers  (s.  Sulpho- 
citrboiiic  Ethers). 


VAOB 

Oxysulphoplatinocyanide  of  Poiasriom 
(s.  Cyanide  of  Platinnm,  ii.  267). 

Oxysufphosulphurous  acid  (s.  Hvpo- 
salphurous  acid,  under  Snlpbur» 
Oxygen-acids  of). 

Oxysylvicadd 821 

Oxyterephthalamic  add 

Oxyterephthalic  add  . 

Oxytolic  add 

Oxytoluamic  add 

Oysters 822 

Ozarkite 

Ozocerite  or  Ozokerite . 

Ozone  (s.  Oxygen,  p.  299). 

Ozone^hydrogen  ....    828 

Ozone-water        .       • 


826 
827 


Pachnelo 828 

Pachnolite — 

Packfbng  or  Packtong.        •        .        •    824 

PsBonin .        , — 

Pagodite  (s.  Agalmatolite,  L  60). 
Paisbergite  (s.  Rhodonite). 
Pakoe  Kidang  (s.  Cibotinm,  ii.  962). 
Pal»o-crystaIs      ...        .       .      — 

Palagonite '- 

Paligorskite 825 

Palisander  Wood — 

Palladamine      >  (s.  Palladium  basest 

Pallad-diaminej       Ammoniacal). 

Palladani  amine   )       (s.    Patladium- 

Palladethylamine  j       bases.  Organic), 

Palladium 

Palladium,  Alloys  <^    . 

Palladium,  Bromide  of 

Palladium,  Carbide  of  . 

PalUdium,  Chlorides  of 

Palladium,  Cyanides  of  (s.  Cyanides,  IL 

260). 
Palladium,  Detection  and  Estimation 

of: 

1.  Reactions  .... 

2.  Estimation  and  Separation 
Atomic  Weight 

Palladium,  Fluoride  of. 
Palladium,  Iodide  of    . 
Palladium,  Oxides  of  • 
Palladium,  Selenide  of . 
Palladium,  Sulphide  ef 
Palladium-bases,  Ammoniacal 
Palladium -bases.  Organic    . 
Palmic  add  ^s.  Ricinelaldic  add). 
Palmin  (s.  Ricinelaldin). 

Palmitamide 

Palmitic  acid 

Palmitates,  Metallic 
Palmitic  Ethers 

Methviic  Palmitate 

Ethyfic,  Amylic,  Cetylic,  and  Mj- 
ricylic  Palmitates 

Palmitates  of  Glyceryl  or  Palmi- 
tins    ......—- 

Palmitate  of  Mannitji  .        .        .      — 

Palmitin — 

Palmitone — 

Palmitonic  add 886 

Palmityl — 

Palm-oil  or  Palm*butter      .       .       .     — 

Palm>sugar — 

Palm-wax 887 


828 


829 


880 


831 
884 


835 
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887 


888 
889 


840 


Palm-wioa    .        •        .        , 
Panabaae  (a.  Tetrahedrite)* 
Pancreatic  juice    . 
Papaverine  .        •        •        . 
Papyrin        .... 
Parabanicarid 

Methyl'parabanic  add . 

Dhncthyl-parabanic  acid 

Diphenyl-parabanic  acid 
Parabenzene  or  Parabenzol  . 
Pnrabromalide 
Parabromomaleic  acid  (a.  Maleic  acid, 

ui.  788). 
Paracacodylic  Oxide  (a.  Arsenic-radi- 

clesy  Organic,  i.  407). 
Paracajputene  (a.  Caipntene,  i.  711). 
Paracamphoric    acid    (a.    Camphoric 
acid,  i.  780). 

Parararthamin 841 

Paracelluloae ~- 

Parac«tone.(8.  Pinnaoone). 

Parachloralide — 

Parachlorobenzoic  acid         .        .        .      — 
Paracitric  acid  (s.  Aconitio  acid)  i.  64). 

Paracolumbite — 

Paracyanic  add — 

Paracyanogen — 

ParadigiUletin 842 

Paradiphoaphonium  -  compounds     (ai 

Phoapborus-baaes). 
Para-ellagic  add  ^8^  Sufigallic  add). 
Paraffin — 

Manuftctureof  Paraffin  and  Paraf- 
finoila 844 

List  of  Memoirs  relating  to  Paraf- 
fin and  allied  matters  .    847 
Paraglobularetin  (a.  Globular!  n,  ii.  846). 
Paragon ite  (s.  Fregmttiie,  p.  724). 

Paraguay  iea 849 

Parahex^lene — 

Paralactic  acid — 

Paralbumin  (s.  Albnmin,  i.  68). 

Paraldehyde — 

Parallelosteriam — 

Paralogite — 

Parani — 

Paramaldo  acid  (p,  Fumaric  add,  iL 
741). 

Paramalic  add — 

Parameconlc  acid  (a.  Comenic  add,  i 

1103). 
Pararaeniapermine  (a.  Meniapermine,  iii. 

880). 
Paramic  add  )  (a.  Melliticadd,  Amides 
Paramide       J      o^,  iii*  878). 
Paramidobensoic  add  (&  Para-ozyben* 

zaraic  add,  p.  851). 
Paramorphine  ^s.  Thebaine). 
Paramorphoua  Crystals        .       .        •    850 
Paramucicadd     . 
Paramylene  or  Diamylene    . 
Paramylone .... 
Paranapbtbalene  or  Anthracene 

Bromantbracene    ....    851 

Cbtorantbracene    .        • 

Oxanthracene        ....    852 

Dinitroxanthracene 
Paranicene    .... 
Paranicine    .... 
Paraniline     .... 
Paranitroben    ic  add  (s.  Nitrodracylic 

at'iii,  p.  60). 
Paraiithin     ...... 


Para-oxybensamic  add 

Azo-paraoxybeneamic  add  . 

Para-oxybenzoic  add  .        .        .        . 

Parapectic  add  and  Parapectin  (a.  Pec- 
tic  add  and  Pectin). 

Paraphoaphoric  add     .        .       .        . 

Parapicoline 

Pararhodeoretln 

Paraaaccharose 

Parasalicyl 

Parasites 

Paraaorbic  add  (s.  Sorbic  add). 

Parastilbite 

Parasulpbatammon  (a.  Sniphamlde). 

Paratartaric  acid  (a.  Racemic  add). 

Paratartramide  (a.  Racemamide). 

Paratartralic  and  Paratartrellc  adds 
(s.  Racemic  add). 

Paratartrovinic  add     .... 

Parath  ionic  add  .        .        .       .        . 

Parat(»luene  or  Paratolool    . 

Parellic  acid  and  Paiellin    . 

Pargasite 

Paricine 

Paridin 

Paridol 

Parietic  acid 

Parietin 

Paris  Blue    ....        .        . 

Paris  Lake  (s.  Camine  Lake). 

Paris  Red     ...... 

Parisite 

Pariatyphnin 

Parmelia 

Parmd-red  and  Parmd-yellow    . 

Parthenicadd 

Parting 

Pasdve  atate  of  Metals  (a.  Electridty, 
ii.  480). 

Paste  or  Stnss 

Pastinacene 

Pasto-reain 

Patchouli 

Patina 

Patrinite  (s.  Adcnlite). 

Panlite 

Paulownia 

Pavietin 

Paviin 

Pea 

Peach  (s.  Fruit,  u.  715). 

Peacock  Copper  ore      .... 

Pearl 

Pearl-ash 

Pearl-mica  (s.  Margarita). 

Pearl-ainter 

Pearl-spar 

Pearl'Stone 

Peaatone  or  Pisolite      •       .       .       . 

Peat 

Pectaae 

P^tin"^"^}  ("•  ^^^"^  Subatancea). 

Pectolite 

Pectoua  Subatancea      .... 

Pectin 

Parapectin 

Metapectin 

Pectoeic  add 

Pecticacid 

Parapectic  add     .       •       r       • 
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Fectous  Substances : 

Metapectic  acid     ....    869 
Pyropectic  add     ....      — 
Greneral  view  of  thetranafbrmations 
of  Pectin  and  the  mutaal  rela- 
tions of  Pectoos  Substances      .     — 

Peganite 870 

Pegaaum — 

Pegmatite     ......      — 

Pegmatolite  (s.  Orthoclaae). 

Pegniin         ......      — 

Pelamine  (s.  Lepidine,  iii  578). 

Pelargone — 

Pelargonene  (s.  Nooylene,  p.  184). 

Pelargonic  acid — 

Pelargonic  anhydride  .       .       .        .871 

Pelargonic  Ether — 

Pelargvl — 

P^^sHair — 

Pelicanite — 

Peiiom — 

Pelluteine — 

Peloconite — 

Pelopinm  (s.  Niobium,  p.  48). 

Pelocine — 

Pencatite 872 

Penghawar  Djambi      ....      — 

Pennine — 

Pennite  (a.  Hydronickel-magnesite,  iiL 

212). 

Penu — 

PentachloToxylin  or  Pentachloroxylone     — 
Pentasulphop^Tophoephate    of    £tbyl 

(s.  Sulphopnottpbonc  ethers). 
Pentathionic  acid  (s.  Sulphur,  Ozygea- 

acids  oQ. 
Pentethylenic   Alcohol    (s.  Ethylene, 

Hydrates  of,  ii.  577). 

Peplolite -^ 

Pepper  (s.  Piper). 

Peppermint*  camphor  (s.  Menthol,  ill. 

880). 
Peppermint-oil   (s.   Piperita,    Oleum 

MenthiB,p.  659). 
Pepsin  .......      — 

Peptones 878 

Per 874 

Perbromic  acid — 

Perchlorates .       .....      — 

Perchloric  ether 876 

Perchloroplatinocyanides  (s.  Cyanides^ 

ii.  268). 
Perchloroquinone  (s.  Qainone). 
Perchlororubian  (s.  Rubian). 
Perchloroxynaphthalic  acid  (s.  Ozy- 

naphthaiic  add,  y,  313). 

Percylite 877 

Pereirine — 

Periclase        *  .      "^ 

Periclin  (s.  Felspar,  ii,  621). 
Peridote  (s.  Olivin,  p.  201). 
Perimorphous  Crystals .       .        .        .      — 
Periodic  acid  (s.  Iodine,  Oxygen -acids 

of,  iii.  807). 

Peristerite — 

Perlite  (s.  Pearlstone,  p.  858). 

Permanent  White         ....      — 

Permanganates  (s.  Manganic  adds,  iiL 

819). 
Perofokite  or  Perowskite      .       •       •     ^> 
Perowskin  (s.  Tripbylin). 
Peroxides  (s.  Oxygen,  pp.  804,  809). 
Perspiration 378 
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PerspYrovlic  add  (s.  Salicylic  add). 
Persniphides 

878 

Persulphocyanic  add    .       .       •       • 

— 

Penulphocyanqgea      •       •       •       • 

880 

Perthite 

881 

Peru  Balsam  (s.  Balaams,  L  496). 

Peruric  acid • 

«. 

Peruvin  (s.  Ginnylic  alcohol,  L  992> 

PeUUte 

_ 

Petadte 

—^ 

Petinine 

m^ 

Patrol 

— 

Tiinitropetrol        .       .       .       . 

882 

Nitropetroldiamine        .       •       « 

— 

Triethyl-nitropetioldiamine  • 

— 

Petrolene      ..•••• 

888 

Petroleum 

_ 

Petrodlex 

886 

Petuntse 

» 

Petzite 

.. 

Peuoedanin 

.. 

Nitropeucedanin    .       •       «       • 

-» 

Peucyl  (s.  Terebilene). 

Pbacolite 

887 

Phaoonin 

... 

Pheoretin 

.. 

PhsDosin  or  Phnosic  add 

.. 

Pharmaoocalcite  (s.  OUvenite). 

Pharmaoollte 

.« 

Pharmaoodderite  (s.  Cube-ore,  ii  171). 

Phaaeolus  (s.  Bean,  i.  524). 

Phaseomannite  (a.  Inonte,  ilL  374). 

Pheasant 

M 

Phenadte  or  PhenaUte 

— . 

Phenamdne 

888 

Phenamylol,   Phenates;  Phenetol  (s. 
Phenol,  p.  891). 

Phengite  (s.  Muscovite). 
Phenic  add  (a.  Phenol).         f 

Phenidne     .       .       .       • 

— 

Phenoicadd        •       .               •       . 

— 

Phenol 

889 

Phenates,  Metallic 

890 

Phenates,  Alcoholic :  Anisol,  Phe- 

netol, Phenamylol 

891 

Phenol,  Derivatives  of . 

— 

1.  Bromophenic  acids    • 

— 

2.  Chlorophenicadds: 

Dichlorophenic  acid  .       • 

892 

Trichlorophenic  add . 

— 

Pentachlorophenic  add     . 

898 

8.  lodophenic  adds 

.    894 

4.  Nitrophenic  adds: 

Nitrophenic  add 

— 

laonitrophenic  add    . 
Nitrodicnlorophenic  add  . 

895 

897 

Kitro-di-iodophenic  add  . 

— 

Dinitrophenic  acid    . 

— 

Dinitrobromophenic  add  . 

899 

Dinitrochlorophenic  add  . 

400 

Trinitrophenic  or  Picric  add    , 

-~ 

Ptcrates,  Metallic  . 

408 

Picrates,     Alcoholic:    Picric 

Ethers         .       •       .       • 

405 

Picrates  of  Organic-bases 

.      — 

Picrates  of  Hydrocarbons 

— 

Compounds  produced  by  the  ac- 
tion uf  Keducing  Agents  on 

I 

the  Nitrophenic  adds : 
1.  By  Su^)hide  o/Anummimm 

• 

■ 

Nitrophenamic,     Dinltron 

di. 

phenamic  or  Amido-nitrO' 

m 

phenic  «dd      •       • 

.    406 
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Phiool,  Derivatives  of: 

Ethyl-nitrophenidine  or  Ni- 
trophenetidine  • 

Picramic,  Dinitrophenamic 
or  Amido-diDitrophenic 
acid 

nitrochlorophenamic  or 
Amidonitrochlorophenie 
acid 

2.  By    Hydriodie    acid    and 

Stanntna  Chloride. 
Picramine  . 

3.  By  Cyanide  of  Potamunu 
Metapurpuric  ncid 

4.  By  Nitrous  acid, 
Dia3U>nitrophenoI 
Diazodinitrophenol     . 
Dinznnitrochlorophenol 

Appendix  to  Phenyl-derivaiivet 
Tri-iodoph«uic  acid 

Phenol -blue 

Pbenoxacesic  acid 

Phenyl       

Bromophenyl 

Chlorophenyl 

Kitropheriyl  and  Isonitrophenyl 

Bromonitrophenyl 

Aniidoplienyl  or  Bensidine    . 

Aniidouitrophenyl 

Bromamidophenyl  or  Bromobenxi 
dine 

Dinzobenzidineor  Tetrazodipheny 

Diazobenzidine-aniline  or  Diazo 
diphenylene-dipheny  1 'tetramide 
Phenyl,  Bromide  of      .        .        . 
Phenyl,  Chloride  of      .        .        . 
Phenvl,  Cvanide  of      .        .        . 
PJienyl,  Hydrate  of  (p.  289). 
Phenyl,  li3'dride  of.  or  Benzene   . 

Azo-  and  Arnidobenzeues 

Monobromobenzene 

Di-,  Tri-,  and  Tetra-bromobenzene 

Monochlorobenzene       .        • 

Dichlorobenzene    . 

Tricblorobenzene  • 

Mono*io<lobcnzene         • 

Bromiodobenzene  . 

Mono-  and  Di-nitrobenzene  . 

N  itrobromoben  zene 

Nitrodibromobenzene    . 

Nitrotetrabnimobenzene 

Nitrocblorobenzcne 

Dinitrochlorobenzene    . 

Trinitrocblorobenzene,     Trinitro 
phenylic    Chloride,  or  Chloro 
piciyl         .... 
Phenyl,  Iodide  of  (p.  415). 
Phenyl,  Oxide  of . 
Plienvl,  Sulphides  of: 

i^rotoeulphide        .        . 

Disulphide     .... 
Phenyl-snlphydrate  of. 
Phenvlacetamide .... 

Bromo-,  Chloro-  and  Nitrophcnyl 
acetamides 
Phenylamic  or  Anilic  acids  . 
PhenVlamidefl  or  Anilides    . 

^henylamides  or  Anils . 
Phenylaniines .        .        .        . 

A.  Phenyl-monamines  . 
Af  onophenylamine  or  Aniline 
H  i  St  ory ,*  Formation,  Prepara 
tion     .... 
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Phenylamines: 

Properties       •        .        .        .    421 
Decompositions       .        .        .    422 
Salts  of  Aniline      .        .        .426 
Sabstitotion  •  derivatives     of 
Aniline : 
'         I.  Formed  by  replacement  of 

Hydrogen   within  the 

Pbenyf-radicle  .  .  429 
Azophenvlamine  .  .  4"0 
Bromaniline  .  .  .  435 
Dibromaniline.  .  .  — 
Tribromaniline  .  .  436 
Azobromophenylamine  ,  — 
Azodibromophenylaroine  438 
Chlorophenylamine       or 

Chloranillne  .  .  -^ 
Dichloraniline .  .  .  440 
Trichloraniline  .  .441 
Chlorodibromaniline  .  — 
Azochlorophenylamine  .  -« 
Azodichlorphenylamine  .  •— 
Cyanophenylamine  or  Cy- 

anilide.  •  •  .  •— 
Cyananiline  •  .  .  442 
l6<lophenylamine  or  lo- 

danilino  •  .  .444 
Azo-iodophenylamine  .  445 
Nitrophenylamine  or  Ni- 

traniline  •  •  •  — 
Dinitraniline  .  .  •  447 
Trinitraniline  or   Picra- 

mide  .  •    448 

Azonitrophenylamine     .      •— 
n.  Deriratives  of  Aniline 

formed  by  replacement 

of  tlie  extra-radical  or 

typic  Hydrogen    .       .    419 
AllVlaniline     • 
AmylaniUne    . 

Diamylaniline .  .  .  450 
Cetylaniline  . 
Ethylaniline  . 
Diethvlaniline  .  .451 
KthvlWoroaniline  . 
Ethylchloraniline  . 
DielhylchloranilltiG.  .  452 
Ethyl-allyl-aniline . 
Ethyl  -aniyl-aniline 
Methylaniline . 
HetliyUaroyl  aniline 
Methyl  -ethyl-aniline 
Diphenylamine  .  .  458 
Tnphenylamine 
Tolyl-  or  Benzylaxuline  .  464 
Vinyl -aniline  . 
B.  Phenyldiamines       .  .    465 

1.  EtkyUne-eompowndM  : 
Ethylene-diphenyl-diamine 
Ethylene*  diphenyl-diethyl- 

diamine       .        . 
Diethylene-diphenyl-dlamine 

2.  Etkyiidene-cofi^MmndM, 
£th3'lidene-diphenyl-diamine    456 
Diethylidene  -  diphenyl  -  dia- 
mine .....    457 

8.  Phenyl  -  diamitUM    eontainimg 
other  Atddmde-radklia. 
Diallylidene-dipheny] -diamine    — 
Diamylldene-diphenyl-dia- 

mine   .        •        .        .       .      •« 
Dibenzylidene-diphenyt-dia- 
mine   ....  •-• 
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Thtnylaminesi 

BenBylidene-diethyl-diphenyl- 

duunine      ....  458 

Dibeptylidene-diphenyl-di- 

mino   .....  -~ 

Heptylidene-diallyl-dipheDyl- 

diaroine       .        .       .       .  ^ 

Heptjlidene-diethjl-diphenjl- 

diamioe      .       .    '  .       .  459 

Products  of  the  action  of  Gin-' 
namic,  Cuminic,  and  Salicy- 
lic acida  on  AnUino     .     '  .  — 
4.  Formyl-eompound : 

Formyl-dipnenyl-diamine  — 

Azoaiphenyl-diamine  — 

ABO-bromo-dipbenyl-diamine  460 
,              Aco-dibromo-aiphenyl-diamine   — 

Azo-chloro-diphenyl-diamine  — 
Aio-dicbkno-dipbenyl-dlamine   — 

Aso-nitro-dipbenyl-diamine  .  461 

Azo-pbenyl-napbth^l-diainine  — 

€.  Cyami>^phenijfi'-mamnim  .  — 
Cyano-dipbenyl-diamine     or 

Melaniline  ....  — 

Dibromomolaniline                .  463 

DichloromelaDiline         .  — 

Diniodomelaniline  .       •       .  — 

Dinitromalaniline  •        .        .  464 

Dicyanomelaniline  •       .       .  — 
C.  Phenyl-triamines : 

1.  Carbo-triphenyl-triamine      .  — 
J^memUx   to  Fhtnylamime» ;   Ami&iU' 
oyen ; 

Aniline-black        .       •       .       .  465 

Aniline-bine 466 

Aniline-brown       ....  — 

Aniline-green  or  Emenddine  — 
Aniline-pniple  or  Mauve:  Mau- 

Teine 467 

Salts  of  Manveine      ...  — 
Aniline-red  or  Rosaniline: 
Preparation        ....  468 
Purification        .        .        .        <  469 
Composition  and  Formation  •— 
Salts  of  Rosaniline     .                .470 
Derivatives  of  Rosaniline  .        .471 
Tri-ethyl-rosaniline       .  — 
Aniline- violets    ...  — 
Tripbenvl-Tosaniline  or  Ani- 
line-blue    ....  472 
IVltoIyl-rosaniline  or  Tolui- 
dine-blne    ....  — 
Aniline-yellow  or  Cbrysaniline  473 
Pbenylammoniums       ....  — 

1.  Containing  only  Alcohol-radi- 

cles    — 

Triethyl-phenylammonium  .  474 
Methyl-ethyl-amylo-pheDylam- 

monium — 

Etbyl-tripbenylanunonium  ?  — 

2.  Phenyl-ammoniums  containing 

MeUls : 
Antimony,  Arsenic,  and  Bismuth- 
compounds      .       .       .        .  — 
Cadmium,  Mercury,  Palladium, 
Tin,  and  Zinc-compounds       .  475 

Pbenyl-amyl 476 

Phenyl-anisamide  ....  — 
Piienyl-anenamic  acid  ....<— 
Phenvl-bensamides : 

Fhenyl-benzamide  or  Benzanilide  476 

Phenyl-oitrobenzaraide         .        .  477 


Phenyl-benzamides : 

Pbenyl-dibenaamide  or  Dibenza 

niliile 

Diphenyl-benzamide     . 
Phenyl-tolyl-benzamideor  Phenyl 
benzyl-benzamide 
Phenyl-benzoyl    .... 
mnzhydrol    .... 
Benzhydrolic  ethers 
Phenyl-benzylamine     . 
Phenyl-benzylenamine 
Phenyl-bromimesatin  • 
Phenyl-butyramide 
Phenvl-carbamicacid  (s.Carbamicacid, 

i.  751). 
Phenyl-carbamides  (s.  Carbamides,  i. 

756). 
Phenvl-cetybamines  (s.  Phenylamines, 

p.  450). 
Pben^'l-chlorimesatin  (s.  Phenyl-ime- 

satms,  p.  485). 
Pheojrl-chlorocyanamide   (s.  Phenyl- 
amines,  p.  442\ 
Phenyl-cinnamide    (s.   Cinnamide,   k 

959). 
Phenyl-dtraconamides   (s.  Citcaoonic 

acid.  Amides  of,  i.  993). 
Phenyl-^dtramides     (s.    Citric    acid. 

Amides  of,  i.  1000). 
Phenyl-diamines  (s.  Phenylaiiunei»  n 

454). 
Pbenyiene-diamine 

Nitrophen^'Iene-diamine 
Nitrophenylene-ozamide 
Nitrophenylene-oxidiamic  acid 
Azophenylene-diamine  . 
Azobromophenylene-diamine 
Azodibromophenj'lene-diamine 
Azochlorophenylene-diamine 
Azo-iodo-phenylene-diamine 
Azo-nitro-pbenylene-diamine 
Azonitrophenvlenic  add 
Phenyl -disulpbo-diamic  acid  (s.  Snl- 
phamic  Ethers). 

Phenvl-ethyl 

sromophenvl-ethyl  • 

Nitropfaenyl*  ethyls 
Phenrl-etnylamines  '(s.  Phenylaminei» 

p.  450). 
Phenyi-formamide  (s.  Formamid^  vL 

682). 
Pbenylic  acid  (s.  Phenol,  p.  889). 
Pfaenylide  of  Benzoyl  (s.  Phenyl-ben- 
zoyl, p.  478). 
Phenylide  of  Snlphophenyl  (s.  Sulpho- 

benzide). 
Phenyl-imesatinB         «... 
Phenyl-itaconamic  acid  and  Phenyl - 
itaconamide   (s.  Itaconic   acid«   iii. 
435). 
Phenyl-malamtc  acid  and  Phenyl-ma- 
lamides  (s.  Malic  add,  Phenylated 
Amides  of,  iii.  797). 
Phenyl-mercaptan  (s.  Phenyl,  Snlphy- 

drate  of,  p.  418). 
Phenyl-methyl     ..... 
Phenyl-methylamines — Phenyl>phtha- 

limide 

Phenyl-pyrotartramic     add — Phenyl- 

valeramide 

Pbillipsite 

Phillygenin 

Phillyrin 
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493 


404 

495 
496 


PAGE 

Phlegma 488 

Phleum  (s.  QraMOS,  it  943). 

Phlobaphene — 

Phlogiston  (a.  Combfution,  L  1089,  and 

Ou,  ii.  774—782). 
Phlogopite  (8.  Mica,  iii.  1012). 

Phloramine — 

Phloretamic  acid 489 

Phloretic  acid 

PblonUtes 490 

Dibromopbloretic  acid  .        .        .    491 

Dinitrophldretic  acid 
Phloretic  etners    . 

Acetyl-phloretic  acid 

Etbyl-phloretic  acid 

Amyl-phloretic  acid      .        .        .    492 
Phloretin 

Tetrabromopbloretin 

Nitrophloretin 

Metaphloretin 
Phloretol 
Phloretyl 
Phlorizin    . 
Phlorisin 

Pbtorizates    . 
Phloroglucin 

Tribromopbloroglacin 

Nitropbloroglucin  . 

Aoetyl-pblorogludn 

Benzoyl-phloroglucin 
Phlorone. 

Metapblorone 
Phocenic  acid  (s.Delobinic  acid,  ii.  809) 
Phocenil  or  Phocenin  (a.  Delpbin,  ii. 

809). 
Pbcenicin  (b.  Indigo>au1pburic   acida, 

iii.  261). 
Pboenicite  (a.  Melaoocbroite,  iii.  866;. 

Pholerite — 

Phonolite  (b.  C1ink»tone,  i.  1025). 
Phormine  (a.  Morphine,  iii.  1051). 
Phorone  (a.  Camphorone,  i.  783). 

Phoagene — 

Phoagenite — 

Phoaphacetic  acid        ....    497 

Phoapham — 

Phoaphamic  acid  .....      — 

Phoapbamides — 

Phospbammoniuma     ....    498 
Phoaphamyl-triethvlium   and    Phoa- 
phamyl-trimethylium  (a.  Phoapbo- 
ma-baaea,  p.  616). 
Phoaphanilic  acid         .        •        .        .      — 
Phoaphantimonic  acid  ....-— 
Phoepharaoniama         .        •        .        .      — 
Phoaphatea  (a.  Pboapboms,  Qxjgen* 
adda  of,  pp.  635,  650). 

Phoapbatic  acid 499 

Phosphethic  acid — 

Pboapbetbyliam  and  Phoapbetbyl-fri- 
metbyliam  (a.  Phosphorus -baaea, 
pp.  614, 616). 

Phoapbidea — 

Phospbitea  (a.  Pboapboma,  Oxygen- 
adds  of,  p.  628). 
Pboepho-lMnzainic  acid        .       .       .      — > 

Phoaphocerite — 

Phoapbocbaldte — 

Phoapboglyceric  acid  (a.  Glycero-pbos- 

pboric  acid,  ii.  891). 
Phoapho-hydroquininic  acid  (a.  Hydro- 

quinine,  iii.  217). 
Phoapho-metbylium    and    Phospho- 
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metbyl-triethyliora  (a.  Phosphonia- 
baaea,  pp.  609,  616). 
Phoapbomoly  bdic  add(ir.  Molybdenum, 

iiL  1087). 
Phosphorescence  (a.  Light,  iii.  690, 632). 
Phoaphoric  add  and  Ethera  (  a.  Phos- 
phorus, Oxygen^ddao^  pp.535, 688). 

Phoaphorite 499 

Phoapborochaldte  ....  — 
Phoapboroaamides  ....  — 
Phoephorous  add  and  ethera  (a.  Phoa- 

fboms,  Oxygen-adds  of,  pp.  527, 53 1 ). 
oapborua     — 

Preparation  .... 
Properties     .        .        .        .        , 
Modifications 
Bed  or  Amorphous  Phosphorus 

Reactions 505 

Chemical  Relations 

Uses :  Paate  for  poisoning  vermin 

Lucifer  Matches   .... 

Phosphorus,  Hydrate  of      .        .        . 

Pbosphorua,  Hydridea  of  (a.  Hydrogen, 

Phoapbidea  of,  iiL  199). 
Phoepborua,  Bromidea  of    . 

Tribromide  .or  Phoephorous  Bn>  • 
mide  •••••« 
Pentabromide  or  Phosphoric  Bro- 
mide ..••.« 
Pbosphorua,  Cbloridea  of      .       .       . 
Trichloride  or  Phosphorous  Ohio. 

ride    •       •       ... 
Pentacbloride  of  Phosphorus  or 
Phosphoric  chloride  . 
lodopbospboric  chloride     . 
Selenio-phospboric  chloride 
Alumino-phoflphoric  chloride 
Ferrico-phoaphoric  chloride 
Mercurico-pbospboric  chloride 
Platinico-phosphoric  chloride 
Stannico-phoapboric  chloride 
Pboapboma,  Chloronitride  of 
Phoepborua,     Cbloroaulpbide     of    (a 
Pboapboms,  Sulphochloride  of,  p.  606) 
Pbosphorua,  Cyanide  of       .        .        . 
Phoaphorus,  Detection  and  Eatimation 
or      .        .         •        •        .        • 
In  Phoaphatea  (a.  p.  527). 
In    Phosphites   and    Hypophos 

phites         .... 
In  the  Chlorides,  Bromides,  Iodides, 

and  Cyanide  of  Phosphoms 
In   the    Nitrogen-compounds    of 

Phosphorus 
In  Organic  compounds  . 
In  the  Gaseous  compounds  of  Phos 

phorus  and  Hydrogen 
In  Metallic  Phosphides 
Testing  for  free  Phosphorus  . 
Atomic  Weight  of  Phoephorus 
Phosphorus,  Fluoride  of 
Phosphorus,  Iodides  of: 

Di-iodide       .... 
Tri -iodide      .... 
PenU-iodidef?)    . 
Phoaphortis,  Nitride  of 
Phoaphorus,  Oxidea  and  Oxygen -acid 

of 

Suboxide  of  Phosphorus 
Hypophoaphoroua  add  and  aalts  .    621 
Quantitatiye  Analyaia  of  Hypo 

pliosphitea 
Hypophosphitea,  metallic  . 
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619 

621 

622 


523 


FboaphitH,  UsUllic     .       .        .    i 
PhoapbiU^  Alcoholic:    FfaMpho- 
rooa  Ethen    •         .        .        .     i 
AmytphMphorooa  scid 
MonuaylJc  Amylphcwpbitc        .    . 
DiitmvlK  AmjIphiHphiU  . 
Ethylphoapharoiii  acid 
Banum-iolu  .... 
Copper,  Leid,  and  Potumnm- 


lofCI 


Plioiphat. 
PhriBphaieaoriron     . 
Phosphates  of  Lanthanui 
PhosphalcB  or  Lesd   . 
Phoapbates  of  Ulbiom 


Phoxphoni  >.0  lides  &  Oxrgva  - 
.PbocpbaUa  of  Hagocai 
Photipb>C«s  oT  Uanganc 
Phocphatfa  of  Htrcnry 
PhoaphatH  oT  Uolvbaa 
PbosphaUaoTKkkel 
Phosphi 
Pbosphi 
Phoaphi 
Pbosphi 


Elbj  lobarytjc  ElhTlphoaph  iu 

Eth;;IopotaHic      Euiylpnos- 

DiBthylic  Ethj-lpho«pbiM . 
Acalyl-pyTophoepboroiia  acid    .    G 
TriethyleDe-pbospborOQa  add    . 
Phoiphoric  Oiideor  Aubfdrula  .     G 
Pfaoiphoric  Adda .... 
Mecapboapboric  add  and  aalu  .     G 
Pvtophosphoric  acid  and  Balls  .     G 
Orlhophospborio  acid  and  «all«  .    1 
Heactioiia  of  Oithopboaphatea    £ 
QuanliUtiveAnalysiao^rboi- 
nhal«a:      Estimation    and 
Separatiou   of   Pboaphoric 

1.  Estimatioa  by  Lead-ox- 


3.  As  Phosphate  of  Bismuth 

4.  Eatimatioa  by   Stannic 
Oxide     .        .       .       .    1 

G.  Precipitation  by  Unmic 

6.  Ealimallon  by  meana  oT 

Ferric  e>l(» 

7.  By  Ceric  sail*         .        .    I 
Volumetric  metboda 

General  methods  of  separating 
Phosphoric  add  from  Hues 
*  By  Mercnrora  Nitrate  . 
p.  By  Nitrau  of  Silver  .  I 
f.  By  Precipitation  nilh 
Molybdate  of  Ammnninm 
L  By  fnaion  with  Alkaline 

Carbonat«s  .     I 

_  ByTartaricorCilricacid 
f.  Bv  Carbonate  of  Barium 
Spedal  metboda  or  separation    I 
Separation  of  Phoapborlc  acid 
Rvm  other  acids.         .        .     I 
Mrtallie  i'tospAntri  i 

Phoapbates  of  Aluminini-  ' 
Pbosphates  of  Ammoniui 
PhosphatM  of  Barium 
PbOFpliateB  of  Uismiilh 
Fbosphalea  of  Cadmium 
Pboaphatea  of  Celdum 
PboephaCee  of  Cerium 
Phosphates  of  Cbromium 
Pboephatea  of  Cobalt 
Phosphate*  of  Copper 
.ofpidymiun 


M  of  Osmini 


of  PotaHium 
of  Rhodium 
PbospbaleaofSilrei. 

Phosphatee  of  Sodium 
Pbosjihatea  of  Slranlinm 
Phocpbatfl-tantalic  acid 
Pboephite  of  Tellurium 
Pbospbateaf'I'haltiam 
Phosphate  of  Thorium 
Phoapbates  of  Tin     . 
Phosphate  of  Titaniam 
Phnspbalee  of  Uranium 
Phospbatea  of  Vanadium 
Phosphates  of  Yttrinm 
Pbnaphatea  ot  Zinc    . 
Pbosphalo  of  Zirconium 
Alenholic . 
Biktrt: 


Triathylic  Ph»phat« 
Triethylic  Disulphopbospbatfl  . 
Trieth  V I  ic  Tetrasu)  phopboepbata 
Tetrethylic  Pyroplioapbale 
Melhylphnaplioric  ethers 
Dimel by] phosphoric  acid  . 
laonomethylpho3t>horic  ad( 
AddmdwH:  Muthyl-pboapbi 


Phenyl-phospboric  ethers : 
Monopbenyl-phoppborlc  i 
Di  phony  I  phosphoric  add 
TViphenylic  Phosphata 

Glycerophosphoric  aiid 

Acetyl -phosphoric  acid. 

Acelyl-pyropbosphoric  add 
Pbosphorua,  OxTbroinide  of 
Pliopphonis,  Oxvchloiida  of 
Phosphorus,  Selenidea  of      , 

Ilemi-  or  Sub-selenldo  . 

Protoaelenide         .        .         .        . 
MelalticSelenio-hrpophospbitcs 

Triselenide    .         ,  '     . 
SelenioplioFphiles       . 

PentaseleniJe 
Seleniopbciephatea 
Pbosphoras,  Sulphides  of     , 

Ilemi-  or  Sah-sulpbide 

Prntosolphide 
Sulpbo-bTpophosphiles 
Triiosulpbide     . 

Sesqolsniphide 
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604 

605 

606 
607 


Phosphorus,  Salphides  of 

Salphophosphates 

SttlphoxyphosphttM . 
Prsulphide    .... 
Phosphorus,  Sulphobromide  of    . 
Phosphorus,  Snlphochioride  of    . 
Phosphorus,  Telluride  of     . 
Phosphoros-bases,  Organic: 

X.  MONOFHOSPHINES  AND 

MoMOPHosPHomuiis : 
.  Methyl'CompoundM. 
TrimethylphoBphine     .        .        .    608 
Tetramethvlphosphoniam     .       .    609 

fi.  Ethyi-eonqtcmnd», 
Triethylphosphine        .        .       .      — > 
Chloride,  bromide,  and  Iodide 
of  Triethylphosphine     .       .611 

Oxide 612 

Oxychloride      ....    618 

Selenide — > 

Sulphide — 

Garbosnlphide   ....    614 

Sulphocyanate  ....      — 

Tetrethylpbnsphoniom      .  — 

Methyl-tnethylphosphoniom    .    616 

Ethyl-tximethylphoephonium    .      — 

y.  Amjfl-compounds. 

Trimethyl-ainylphosphoninm       .    616 

Triethyl-amylphoephoninm  .        .      — 

3.  AUyl'tompounda, 
Tiiethyl-allyl-phosphooium .        .      — 
Triethyl-allyl  -solphocarbo-phos- 

phonitride — 

«.  FheniyUoomwnmd, 
Triethyl-phen^l-sulphocarbo- 
phoephonitnde  ....      — 

C  BenzyUeompound, 
Triethyl-beDzylphosphoniam       .    618 
q.  JnonqpAoip&cmttftM    produced 
hy  the  action  of  DiaUmtie  AU 
eoheUe    Bronndee^    Chlorides^ 
4v.,  on  Trimethyl-  and  Tri- 
ethyl'photphme : 
Bromethyl-tnethylphoephonium  .      — 
Chloretbyl-triethyl-phosphoninm     619 
Oxethyl'triethyl'phosphonium    .      — 
VinyUtriethyl-phosphoninm        .    620 
lodoxnethyl-triethyl-phoephoninm      — 
Chloromethyl  -  trielhyl  -  phospho- 
ninm  ......-* 

Bromethyl  -  trimethyl  -  phoapho- 
ninm  •....•      — 

Ozethyl-trimethyl-phosphoniom.     — 

II.  DiPHOSPHONIUMS. 

Ethylene  -  hex  ethyl  -  diphospho- 

niam 620 

Paradipbosphonium-compounds    622 

Ethylene  -  triethyl  -  trimethyl  -  di- 
phosphonium     ....    623 

Ethylene  •  hexmethyl  -  diphospho- 
mum — 

IIL  PH08PHAMMOHn7M8. 

Etliylene  -  triethyl  -  phosphammo- 

mum.        .        .        ...      — 

Ethprlene-tetrethyl  -phosphammo- 

mum — 

Ethylene-pentethyl-phosphammo- 

ninm 624 

Ethylene  -  triethyl  -  methyl-phos- 

pnammoninm    •       .       .       .      — * 
Etnylene-triethyl-trimethyl-phoa- 

phammonium    .  .      —  I 
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PhosphoruS'bases,  Organic: 

lY.  Phosprabsoniumb. 
Ethylene  -  hexethyl  •  phospharso- 

nium 

T.  Triphosphoniuh-<;ompouiids. 
Formyl-ennethyl-  triphosphonium 
Photochemistry  (see  Light,  Chemical 
AcUon  of,  ia  678). 

Photogen 

Photography       .... 

A.  Processes    in   which    Silver 
salts  are  used : 

1.  Wet  Collodion  Process  . 

2.  Diy  Collodion  Process  . 
8.  Albumin  Process  on  Glass 

B.  Processes  without  Silver-salts 
Photosantonin 
Phthalamic  add  . 

Phenyl-phthalamic  acid 
Phthalamine 
Pthalic  acid . 

Bromophthalio  acid 

Ghlorophthalic  acid 

Dichlorophthalic  acid 

Trichlornphthalic  ac 

Nitrophthalic  acid 

Dinitrophthalic  acid 

Amidophthalic  acid 

Azophthalic  acid  . 

Azoxyphthalic  acid 
Phthalic  Anhydride     . 
Phthalic  Ethers   . 
Phthalide     . 
Phthalidine . 

Ethyl-phthaUdine 
Phthalimide. 

Phenyl-phthalimide 

Kitrophmalimide  . 
Phthalyl,  Chloride  of  . 
Phthanite     . 
Phycic  acid  . 
Phydte 

Phycocyan  and  Phrcoerythrin 
Phycohsmatin     . ' 
Phyllin-glance     . 
Phyllite 
Phyllochlor  . 
Phyllocyanin 
Phylloretin  . 
Phylloxanthein   . 
Phylloxanthin     . 
Physalin      . 
Physalite     . 
Physetoleic  acid  . 
Physodin 

Addendum:  CeratophiUin 
Physostigmine     . 
Phytochemistry  • 
Phytomelin .        . 
Pianzite 

Picamajr       .  '     . 
Ptchurio  acid  (s*  Laurie  add 
Pichurim-oil 

Pichurim-camphor 
Pichurosteario  add  (s.  Laurie  aci 
Pickeringite 
Picoline 

Ethyl-picoline 

E '  hylene-dipicolyl^ammonium 
Picolite 

Picrammonium    . 
Picramyl 
Picranalcime 
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626 
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628 
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633 


634 


636 
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PicraniBic  acid 641 

Picric  acid  (p.  400). 

Picrin — 

Picrocyamic  acid  (a.  lAopurpuric  acid, 
iii.  483). 

Picroerjthria — 

Picrofluite — 

Picroglycion 642 

Picrolichenin — 

Picrolite — 

Picromerite — 

Pirropharmacolite  (a.  Pharmacolite,  p. 
887). 

Picrophyll — 

Picrosmme — 

Picrothomaooite 643 

Picrotoxic  acid — 

Picrotoxin — 

Bromopicrotoxin    ....-> 

Nitropicrotoxin      ....  644 

Detection  of  Picrotoxin         .        .  -~ 

Plcryl — 

Pictite  (s.  Sphene). 

Piddingtonite — 

PigoUte 645 

Pihlite — 

Pimaric  acid — 

Amorphoas  Pimaric  acid  — 

Pimarooe 646 

Pimelic  acid — 

Pitnelic  ethers — 

Pimelite 647 

Pimento,  Oil  of — 

Pimpinella,  Oil  of        .        .                .  — 

Pinacolin ~~ 

Pinacone >— 

Benzopinacone       ....  648 

l!K>benzopinacone  ....  — 

Pinchbeck 649 

Pine-oil         ......  — 

Pine -resins ^~ 

a.  Kesins  of  Turpentine         .        .  ^ 

fi.  Keains  of  Pinta  Sylvettrig         .  — 

1.  Kinovous  acid        .        .        .  650 

2.  Resin  C'^H'^O'      .        .        .  — 

Piney  Tallow — 

Pinguite — 

Pinic  acid — 

Pinicorretiii — 

Pinicortannic  acid         ....  651 

IMni  picrin .— 

Ptni tannic  acid — 

Pinite 652 

Ptnitold — 

Pinolin 658 

Pinns — 

Piotic  and  Piotoas  acids        ...  — 

Piper — 

Piperic  acid — 

Hydropvperic  acid ....  654 

Piperidine 655 

Salts  of  Piperidine         ...  656 
Piperyl-  suipbocarbamate  of  Piper* 

yiene-ammontam       ...  — 

Meth  vl-piperidine .        .        .        .  657 

Ethyl- piperidine   ....  657 

Amyl'piperidine    .        .        .        .  — 

BensopipNsride        ....  — 
Gamyl-piperide     ...... 

Piparidine*nrea  (Sb  Garbamides,  i.  757). 

Piperine — 

SalUofPiperine    .  .659 

Ptperits,  Oleum  Menthn     ...  — 


Pipen'lene-carbamide  (s.  Carbamide,  L 

757). 
Piper^lene-snlphocarbamic  add  (s.  Pi- 
peridine, p.  656). 

Pipestone 

Pipette 

Pirenaite  .  -      . 

Pirope  (s.  Pyrope). 

Pisanite 

Pisolite  (s.  Pea-ttone^  p.  860). 

Pissophane 

Pistacia 

Pistadte  

Pistomesite  (s.  Mesitin-spar,  iiL  928). 

Pitch 

Pitch,  Mineral  (s.  Bitniiiaii,  L  600). 

Pitchblende 

Pitchstone 

Pitchy  Iron-ore    .       .        .        .       . 

PitkHrantite 

Pitoyine 

Pittacal 

Pitticite 

Pittinite 

Plagionite 

Planerite 

Plantago 

Plants,  Chemistry  of  (a.  Phytochaniia- 

try,  p.  686). 

Plasma 

Plasmin 

Plaster         

Plaster  of  Paris 

PlaU  Azul 

PlaU  Verde 

PlatAmmonium 

Plritaraenethyliam  (a.  ArMnie-radides^ 

Organic,  L  400). 
Platina 
Platinic  and  Platinona  Compounds  (p. 

666), 
Platinum : 

Sources  and  Extraction 
Properties     . 
Spongy  platinmn 
Platinum -black 
Uses  of  Platinum  . 
Platinum,  Alloys  of     . 
Platinum,  Antimonide  of 
Platinum,  Arsenide  of  . 
Platinum,  Boride  of     . 
Platinum,  Bromide  of  . 
Platinum,  Carbida  ef    . 
Platinum,  Chlorides  of: 
Platinous  Chloride 
Chloroplatlnites 
Platinic  Chloride  . 
Chloroplatinates 
Platinum,  Cyanides  of  (s.  Cyanides,  IL 

260). 
Platinum,  Detection  and   Estimation 

of: 

1.  Blowpipe  ReMtloDs  . 

2.  Reactions  in  Solution 
8.  Estimation  and  Separation 
4.  Atomic  Weight  of  Piatinum 

Platinum,  Fluoride  of 
Platinum,  Iodides  oi 
Pktioun,  Nitride  of 
Platinuni,  Oxides  of 

Platinous  Oxide 

Platinic  Oxido 
Platinates 
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Platinam»  Oxy|ren -salts  of  .  ,672 

Platinous  x^itrites 
Platinum,  Phosphide  of 
Platinum,  Selenide  of  . 
Platinum,  Silicide  of    . 
Platinum,  Silicoflnoride  of   . 
Platinum,  Sulphides  of         .        .        .    678 
Platinum,  Sulpbocyanates  of  (s.  Sul 

phocyanates). 
Platinum-bases,  AmmoniacAl : 

1.  Diammonio  -  platinous     Com* 
pounds        — 

2.  Tetrammonio- platinous    Com- 
pounds        675 

8.  Diammonio- platinic  Compounds    676 

4.  Tetrammonio  -  platinic     Com- 
pounds      .        .        .        .        •      — 

5.  Octammonio  -  diplatinic    Com- 
pounds 677 

Theories  of   the  Constitution   of 
the      Ammoniacal       Platinum- 
compounds  ....    678 
Platinum-bases,  Organic  .        .    679 

Platinum-black  (p.  666). 

Platinum -ore — 

Methods  of  analysing  it : 

Clauses  Method  .        .        .        .680 

Deville  and  Debray's  Method    .    681 

Commercial  Ahsay.        .        .    682 

Analysis  of  Plati n um-residuee    683 

Analysis  of  Oemiridium .        .    684 

Platinum  residues  (p.  683). 

Platinum-sponge — 

Platosamine — 

Platosethylamine— Plutosopyridina     .      — 

Plattnerite 685 

Pleonast — 

Plenroclase  (a.  Phosphates,  p.  569). 
Plinian  {b,  Mispickel,  iit  1026) 

Plocaria — 

Piombgomme  f&  Plumboresinite). 
Plombierin  (s.  ^aregin,  L  509). 

Plombierite — 

Plum  (s.  Prunns). 

Plnmbagin — 

Plumbago  (s.  Carbon,  i.  758). 
Plumbethyls  (s.  Lead-radicles,  Oi^anic, 

iiL  561). 

Plumbic  ochre — 

Plumbocalcite — 

Plumboresinite -^ 

Plumbostib  (s.  Boulangerite,  i.  651). 
Plumosite  (b.  Heteromorphite,  iii.  l.*)!). 
Pneumatic  Trough  (s.  Gases,  Collection 

of,  ii  806). 

Pneumic  acid — 

Polarisation,  Electrical  (s.  Electricity, 

U.  399,  429). 
Polarisation,  Magnetic  (s.  Magnetism, 

iii.  767,  763). 
Polarisation  of   Light  (s.  Light,  iii 

652). 

Poley-oil — 

Polianite — 

Poliene 686 

Polishing  Powder         ....      — 

Polishing  Slate — 

Pollux — 

Polyadelphite — 

Polyargite ■— 

Polybasite — 

Polychrest-salt 687 

Poiychrollite — 


Polychrofta  (s.  Safranin). 
Polychrome  (s.  Aesculin,  L  60). 
Polychromic  or  Polychromatic  acid  (s. 

Aloetic  acid,  i.  148). 
Polycrase  (s.  Niobium,  p.  57). 
Polyethylenic  Alcohols  (s.  Ethylene, 

Hydrates  of,  ii.  576) 
Polygalic  4cid  or  -Polygalin  (s.  Sene- 

Polygamarin 

Polygonum  fagapyrum  (s.  Buckwheat, 

i.  685). 
Polvglyceric    Alcohols   (s.    Glyceryl, 

iivdrates  of,  ii.  894). 

Pol/halite 

Poly lactyl -compounds  (s.  Lactic  Acid 

and  Ethers,  iii  461-^64). 

Polylite 

Polymerism 

Polymignite 

Polymorphism 

Poljrsilicic  acids  (s.  Silicates). 

Polyspherite 

Polyterebenes 

Polytelite  (s.  Tetrahedrite). 
Polythionic  acids  (s.  Sulphur,  Oxygen- 
acids  of). 

Polyxene 

Poropholyx 

Pongamia 

Poonahlite 

Poplar-buds 

Poppy  

Poppy-oil 

Populin 

Porcelain 

Porcelain-clay  (s.  Clay,  i.  1024). 
Porcelain,    Reaumur's   (s.   Glass,    iu 

844.) 
Porcelain-spar  (s.  Scapolite). 
Porpezite      ...... 

Porphyria  acid 

Oxyporphyric  acid 

Porphyfite 

Porphyroxin 

Porphjrry 

Porpoise-oil 

Porporino 

Porter  (s.  Beer,  L  529»  583). 

Portite 

Portland  Cement 

Portland  Stone 

Portagallo-oil 

Potamogeton 

Potash 

Potashes 

Potash -lime 

Potass  or  Potassa 

Potassium 

Potassium,  Alloys  of  . 
Potassium,  Amides  of  . 
Potassium,  Antimonide  of  (s.  Antimony, 

i.  317). 
Potassium,  Arsenide  of 
Potassium,  Boride  of?  . 
Potassium,  Bromide  of. 
Potassium,  Carbide  of? 
Potasainm,  Carboxide  of 
Potassium,  Chloride  of. 

Hemichloride   or   Subchloride  of 

Potassium 

Potassium,  Cyanide  of  (s.  Cyanides,  ii. 

268). 
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PotassiniD,  Detection  and  Estimation 
of: 

1.  Reactions  in  the  Dry  way 

2.  Beaotions  in  Solation 
8.  Katiniation  and  Separation 
4.  Atomic  Weight 

Potassium,  Fluoride  of. 
Potasmum.  H\drate  of 
Preparation   . 
Properties 
Reactions 
Potassium,  Hydride  of? 
Potassium,  Iodide  of     • 
Potassium,  Nitride  of  . 
Potassium,  Oxide  of     . 
Potassium,  Phosphide  of 
Potassium,  Selenides  of 
Potassium,  Silicide  of  . 
Potassium,  Sulphides  of 
Liver  of  Sulphur    . 
Potassium,  Sulphocarbonate  of  (a.  Sol 

phocarbonates). 
Potassium,  Sulphocyaoateof  (s.  Salpho- 

cyanates). 
Potassium,    Sniphomolybdate   of    (s. 
Molybdenum,  Sulphides  of,  iii.  1044\ 
Potassium,  Sulphophosphate  and  Sul- 
phophosphite  of  (s.  Phosphorus,  Sul- 
phides of,  pp.  608,  604). 
Potassium,  Sulphotungstate  and  Sul- 
phovanadate  of   ^s.  Tungsten  and 
Vanadium.  Sulphides  oH. 
Potassium,  Sulphydrate  ot  .        .        .      — 
Potassiu.71,  Telluride  of         ...      — 
Potassium-ethyl  and  Potassium-methyl    709 
Potassium -salts,  Manufacture  of  .        .      — 
L  Manufacture  of  Pota&tinm-carbo- 
nate  from  the  ashes  of  Timber 
and  of  Land-plants  in  general   .      — 

1.  Potasb  from  the  ash  of  Forest- 
timber    718 

2.  Potash  as  a  bye-product  from 
the  manufacttire  of  Beet-root 

and  Cane-sugar      .        .        .    712 
8.  Sulphate    and  Carbonate  of 
Potassium  as  bye-products  in 
the  manufacture  of  Tartaric 
acid 718 

n.  From    the    Ashes   of  Marine 

Plants 714 

III.  From  Sea-water,  Brine-springs, 
and  Saline  Deposits : 

1.  From  Sea-water  .        .    716 

2.  From  Brine- springs       .        .    717 
8.  Preparation    of    Potassium - 

chloride  from  the  Salt-beds  of 
Stassfurt         ....    718 
IT.  From  Felspar  and  other  Sili- 
cates        719 

V.  Potash  from  Wool    .        .        .    720 

Potato — 

Potato-fat 728 

Potato  fusel-oil  (s.  Fosel-oil,  ii.  768). 

Potstone — 

Potter's  Clay  (s.  Clay,  i.  1024). 

Pottery 728 

Pounxa        — 

Pourprite — 

Powder  (s.  Gunpowder). 
Powder  of  Algaroth 

Poszuolana 724 

Prase — 

Praseo-oobalt        .       .  — 
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PraseoUte 724 

Prasin — 

Prasochrome — 

Precipitate — 

Precipitate,  White        ....  — 

PreripiUte,  Red — 

Predazzite — 

Pregrattite — 

Prehnite — 

Prehnitold 725 

Primula — 

Primulin — 

PrinceV  Metal 726 

Printing,  Chemical       ....  — 

Lithography — 

Chromolithography       .        .        .  728 

Zincography — 

Propalanine — 

Propargylic  Ether        ....  — 

Prophetln -resin 729 

Propionamide — 

Dichloropropionamide  ...  — 

Propione 729 

Propionic  acid — 

Propionates 782 

Bromopropionic  acid      .        •        .  788 

Chloropropionic  acid     .        •        •  — 

Indopropionic  acid         .        .        .  ^ — 

Nitropropionic  acid        .        .        .  734 

Propionic  Aldehyde      .        .        .       .  — 

Tribromopropionic  Aldehyde        .  785 

Pentachloropropionic  Aldehyde  — 

Propionic  Ethers "— 

Propionitrile ^ 

Dichloropropionitrilo     .        .        .  — 

Propyl  or  Trityl 787 

Propylamine  (s.  Tritvlamine). 
Propylene  (s.  Tritvlene). 
Propylic  Alcohol,  fether,  &c  (s.  Tritylic 
Alcohol,  Ether,  &c.). 

Proaopite "~ 

Protagon — 

Protein 788 

Protheite  (s.  Veauvian). 

Protic  acid — 

Protobastite — 

Protocatechnic  acid      .       .        .       •  789 

Proto-compounds 740 

Proloifine — 

Proustite — 

Provpnce  Oil — 

PrunelleSalt — 

Prunnerite — 

Pninas ^ — 

Prussian  Blue 741 

Pmsaic  acid  (s.  Cyanide  of  Hydrogen, 
ii.  214). 

Prussin 748 

Przibramite — 

!  Psatvrin  (s.  Hartin,  Iii.  14). 
Pseudo-acetic  acid  (s.  Bntyraoetic  acid, 

11688). 
Pseudo-albite  (s.  Andesin,  i.  291). 
Pseudo-alkamin  (a.  Anchusin,  i.  290). 

Pseudo-apatite — 

Pseudo-butylic  alcohol  (s.  Tetrylic  al- 
I      cohols). 

I  Pseudo-chrysolite — 

I  Pseudo-ceraTn       .....  — 

I  Pseudo-cnrarine — 

Pseudo-diallyl-alcohol  (s.  Diallyl-com- 

poands,  in'Appendix). 

Paendo  erythrin  ..•••  — 
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Psendo-bezyl-aloohol )  Ts.    Secondary 
Pseudo-hexyl-glycol  j  Alcohols). 
Pflendo-leucine  (a.  Lencine,  iii.  682). 
Pseudo-libethenite  (a.  Phosphates,  p. 

661). 
Pseudo-malachite  (p.  561). 

Psendomorph 744 

P8eadomorphine(8.  Morphine,  iii.  1051J). 
Psendo-orcin   (a.    Erythromannite  iL 

604). 
Pseudopropylic    Alcohol   (s.  Trityllc 

Alcohols). 

Pseudophite — 

Psendo-parpniin  (s.  Purpurtn). 

Pseudo-quartzite — 

Pseudo>quinine — 

Pseudo-stearoptenes     ....      — 

Pseado-steatite — 

Pseudosulphocyanogen  (»,  Pereulpho- 

cyanogen,  p.' 880). 

Pseudotalcite — 

Pseudotoxine — 

Pseudotriplite — 

Pseudoveratrine 746 

Pseudo-uric  acid — 

Psilomelane — 

Psoralea — 

Pteleie  acid — 

Pteleyl  (s  Mesityl,  ilL  929). 

Pteritannic  acid    .        .        .    '    .        .      — 

Ptyalin 746 

Ptychotis — 

Puccine — 

Puddling  (s.  Iron,  iii.  847). 
Pumice  (s.  Obsidian,  p.  i6U). 

Pulsatilla — 

Punablite  (s.  Poonahlite,  p.  688> 

Punica '    .        .      — 

Punicin — 

Purple,  Aniline — 

Purple  of  Cassius — 

Purple  Copper  (s.  Copper,  Sulphides  of, 

ii.  78). 

Purple  Cruorin — 

Purpurainide  (s.  Purpnrein). 

Purpurates — 

Purpurate  of  Amoionium,  or  Mu- 

rexide        .....    747 
Purpurate  of  Potassium,  Sodium, 

&c 748 

Isopurpurates        .        .•       .        .      — 
Metapurpurates     .        .  .      — 

PurpurelD —  i 

Purpureocobalt  (s.  Cobalt- bases.  Am-  I 

moniacal,  L  1062). 
Purpuric  acid  (s.  Purpurates). 

Purpurin 749 

Purpurino  (s.  Porporino,  p.  691). 

Purree — 

Purreic  acid  (a.  Euxanthic  acid,  iii. 

609). 
Purennoue  (s.  Euxanthone,  ii.  690) 

Pus 761 

Po^chkintte 762 

Putrangira — 

Putrefaction  (s.  Fermentation,  ii.  628).      — 

Pycnite — 

Pycnometer 763 

Pycnotrope  (s.  Serpentine). 
Pyin  ) 

Pyocyanin      ms.  Pus). 
PyoxanthoaeJ 
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Pyraconftic  add  (a.  Itaconic  acid,  ilL 
485). 

Pyrallolite 768 

Pyrantimonite — 

Pyrargillite — 

Pyrargyrite — 

Pyrelain 754 

Pyrenaite — 

Pyrcne — 

Pyrethrin     ......      — 

I^rrpom — 

Pyndine — 

PlatinopTridine  and  Platoaopyri- 

dine   I 756 

Ethyl-pyridine      .        .        .       .      — 
Pyrites.        .*....      — 
Pyro-acetic  Spirit  (s.  Acetone,  i.  26). 
Pyroalizaric  acid  (s.  Phthalio  Anhydride, 

p.  681). 
PyrobenzoHoe  (s.  I^phine,  iii.  783). 
Pyrocamphretic  acid      ,       ,       .       .    -^ 
Pyrocatechin  (s.  Oxyphenic  acid,  p.  815 J. 
Pyrochlore    .        .  '    .        .        .        .    757 

Pyrodtric  adds — 

iTTochroIte — 

Pyroclasite — 

Pyrocomenic  add  (s.  Pyromeoonic  add, 
p.  760;. 

Pyroconme — 

Pyrodextrin — 

Pyrodmalite  (s.  Pyrosmalite,  p.  771). 

Pyrogallein 758 

Pyrogallic  adil — 

Pyrogen 759 

i'yroglucic acid  (b.  P>'rodextriii)« 
Pyroglycerin  (a,  Diglyoerin,  ii.  ^5  ). 
Pyioglycide  (MeUylycerin,  ii.  896). 
Pyrognomic  Minerals  ....    760 
Pyroguaiacic  acid  (Guaiacol,  ii.  946). 
Pyrognaiadn  (s.  Guacainm,  ii.  948). 

Pyrola 

Pyroleic  add 

Pyrol  igneous  add 

Pyroline  (s.  Pyrrol). 

Pyrolithofellic  acid 

PyroHvilicadd 

Pyrolusite     .... 

Pyroinalic  acid  (s.  Maldc  add,  iii.  781) 

Pyromaric  acid     . 

Pyroroeconio  add 

Bromopyromeoonic  add  .761 

Indopyromeconic  add  . 

Pyromeline 762 

Pyromellitic  acid  . 
Pyromer.de  .... 
Pyrometer    .... 
Pyromorintannic  add  (s.  Oxyphenio 

add,  p.  816). 
Pyromorphite       .... 
Pyromucamide  (p.  764). 

P^'romucic  acid 768 

Amendiz  to  FyromMcie  aeid : 

Mncobromic  acid 

Mnoochloric  add  .764 

Muconic  add     . 
Pyromudc  add.  Amides  of: 

1.  Pyromucamide. 

2.  Garbopyrrolic  acid 
8.  Dipyromucamide,  or  Carbopyrrol- 

amide 765 

Pyromudc  Alcohol 
Pyromudc  Chloride      • 
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Pjromacie  Ethen : 

Ethylic  Pyromacate 

Chloropyromacic  ether 
Pyrope.        .        . 
PyropecUe  acid 
Pyrophoros  . 
I^ropbotpbamic  acids : 

1.  Pyrophosphamic  acid 

2.  Pyrophosphodiamic  acid 
8.  Pyrophoaphotriamic  acid 

PyroDhosphoric  add  (a.  Phosphonu* 

Oxyffen-acids  of,  p.  539). 

Pyropbyllite 

PyrophysaUte  (a.  Physalite,  p.  684). 

Pyropin 

Pyropisaite 

Pyroqainol  (a.  HydroqiiinoDe«  iiL  218). 
Pyroracemic  add 

Pyroracematea       .        •  '     . 

^  •pyroracemic  add 

PyroretiD 

Pyrorthite  (s.  Orthite,  p.  237). 
P^rroaclerite 

Ksminererite 

Kbodochrome        .        .        .        . 

Pyroamalite 

Pyroflorbic  add  (a.  Maleic    add,  iii. 

784). 

Pyroatearin 

Pyrostibite  (a.  Kermeaite,  iii.  446). 
Pyrotartaric  acid .        . 

Pyrotartrates 

D^ibromopyrotartaric  adda 
Pyrotartaric  Anhydride 
Pyrotartaric  Ethera     . 
Pyrotartranil 


PAGE 

765 


766 
767 
768 


769 


770 


771 


772 
773 

774 


Pyrotartranillc  acid 

Pyrotartrimide     . 

P^Totartrooitranil 

PyrotartronitranUic  add 

Pyrotechny  . 

Pyroterebic  add    . 

Pyro-uric  acid  (s.  Cyanaric  add, 

288). 
Pyroxam  (a.  Xyloldin). 
Prroxantbin 
Pyoxantbogen 
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776 


776 


ii. 


Pyroxene 
Pyroxenite 
Pyroxylin 
Gan -cotton 

Preparation 

Properties 

Decompositions 

Application  to  Gnnnexy     . 

Application  to  other  Military 
purposes. 

Application  to  Blasting 
Pyroxylin  for  the  preparation  of 

Collodion  .... 

Pyrrhite 

Pyrrhol  (s.  Pyrrol). 

Pyrrhopine 

Pyrrlioretin 

Pyrrhosiderite  (s.  Gdthite,  ii  940). 

Pyrrhotin 

Pyrrol 

Pyrrol-red 

Pyruvic  add  (a.  Pyroracemic  acid,  p. 
769). 


777 

778 

780 

7R1 
782 

783 


Addendum : — ^Niobium 


784 


786 
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CORRBCnOH 


396 

14» 

817 

37, 89  and  61 

861 

86 

888 

16 

886 

36 
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9* 

400 

81* 

411 

33 
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23 

— 

26 

418 

9* 

436 

7 

429 

38 
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21 

488 

8 

— 

4 

486 

18* 

448 

81  • 

446 

11 

0"H»NO'  C"H«^0» 

lii.  997 lii.  967 

114-6  +  6.86-6 114-6  +  6.86*6 

from  the from 

C"H"0»C.»S*0 0"H"O.C^*0 

and  hydrocarbonons and  a  hydrooarbonoiu 

take  on  the  form  take  the  form 

and  variable  and  a  nuiable 

,if .and  If 

in  these    on  tbeee 

or  molybdio    dele  or 

oastor-oll,  alcohol oastOT-oU  aloohol 

C*H»Hg8.HgCl CB^ffg&BgCl 

heptyl heptylene 

in with 

nuta ants 

[»],«!  [8],i.61 

leM more 

extended extroded 

Te(CHT Te(CH*)' 

Txv  ^      <y,    +*'*'  t(OH)'     -Te^t     O"       +^i(OH)- 

T^{(?H-^:  +  «S^{(OH)-      ••     Tef'(C«HT    +    8^^{(o^',. 

HK31 HOI 

Logwood Brazil  wood 

Le LewB 

0-7 0-8 

aa  high  aa above 

(NO*)- (NO*)* 

H«Ba" H*Ba" 

[CHWr  \  N  C'-H-(NO') .)  M 

diphenylenio     zenylenio 

phenylenlic    zenylenio 

C*H-0»  +  CTHTf C*H«0*  +  3C*H'N 

C'H'NO  +  3HK) 3C'H^0  +  H»0 

xylyl  formyl 

H" H- 

CMl^N'"   C«H"N*' 

4M  461 

C'TT'N*   C*«H»N" 

CHBrN"' )  w,,  C*HBrN*' )  ^ 

cyaniline cyananiline 

3CH1N SC?*H«IN 
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